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SINTESI

La principal ra6 per la que s’escull un disseny “cross-over”, enlloc d’un disseny
de grups paral-lels, és que son necessaris un menor nombre de participants per obtenir la
mateixa precisio en els estimadors. D’altra banda, cada individu actua com el seu propi
control (eliminant la font de variabilitat introduida per I’individu) i, en teoria, aixo fa

possible comparar tractaments amb molta més precisio.

La grandaria de la mostra en un disseny de grups paral-lels és una funci6 de la
variancia de la resposta, mentre que en un disseny amb intercanvi del tractament és
funcié de la variancia intra-pacients (‘“within”). Per tant, I’eficiéncia estadistica del
“cross-over” respecte del paral-lel depén del control de la variancia entre-individus
(“between’). Pero els assaigs clinics poden també fer s d’altres métodes per controlar
la variancia entre- (com per exemple, restriccié via criteris d’inclusid, 1’estudi del canvi
respecte del valor inicial, etc.).

L’estudi de ’eficiéncia del “cross-over” es duu a terme a partir de 1’analisi de
les variancies de les respostes d’articles cercats a MEDLINE entre els anys 2000-2002 a
les revistes médiques Am J Med, Ann Intern Med, BMJ, JAMA, Lancet, N Engl J Med.
Altres criteris de seleccio han estat: resposta principal continua i métode d’analisi basat
en la distribucié Normal (t-test, ANOVA i modelitzacio).

D’aquesta cerca resulten 50 articles, 21 compleixen tots els criteris d’inclusid
dels quals 12 s’han beneficiat del disseny “cross-over” i permeten efectuar els calculs
dels parametres d’interés: fiabilitat (R; quocient entre la variancia entre i la variancia
total), Relacié de tamanys mostrals (o ra6 de mostres, ‘rn’, (1-R)/2), Reduccié en la
grandaria de la mostra (SSR, complementari de ‘rn’) i, finalment, I’eficiéncia relativa
(que és el quocient entre els costos del disseny paral-lel i “cross-over”, assumint com a
unitari el cost del periode i, resultant la inversa del complementari de la fiabilitat,
1/(1-R)). Els 9 restants no proporcionen la informacié adient perqué no analitzen les
dades d’acord amb el model complert eliminant la variabilitat entre-individus i per tant,

s’estableix que la seva eficiéncia €s nul-la en quant a presentacio6 dels resultats.

Dels articles que han permés efectuar els calculs, un 66.63% (8 de 12 articles)
posen de manifest una important reduccio del cost del disseny “cross-over” respecte del
disseny de grups paral-lels (la resta presenta valors d’efici¢ncia inferiors a 3). Valors de
I’eficiéncia propers a la unitat serien indicadors de que la planificacié d’un disseny amb
intercanvi no suposa un guany substancial i I’elecci6 d’un disseny o altre hauria de

dependre d’altres factors aliens a les seves propietats.
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1.- INTRODUCCIO

En les diferents fases del seu desenvolupament, medicaments i d’altres
tractaments per a malalties sébn comparats via els “randomized controlled clinical
trials”; assaigs en qué s’estudia, sobre unes variables o respostes d’interés, 1’efecte de
dues 0 més intervencions (tractaments) assignades segons un ordre aleatori a una série
d’individus humans. Als “Placebo-controlled trials”, una de les intervencions és una
“dummy” o tractament inactiu per proporcionar un emmascarament al tractament actiu
en la seva comparacié amb la referéncia, que hauria de ser el procediment estandard fins
al moment. Normalment, es refereix I’efecte al tractament actiu quan en realitat el que
s’estudia és la diferéncia entre els efectes del tractament i de la referéncia (els efectes
purs del tractament actiu i del placebo no son identificables per separat). Pertanyen a
aquest tipus de dissenys el “paral-lel group trial” (cada grup d’individus s’exposa
unicament a una intervencid) i el “cross-over trial” (cada individu rep totes les
intervencions d’estudi en successius periodes); que son els dos disseny que es pretén

examinar en aquest estudi.

L’objectiu del projecte és estudiar el benefici en la planificaci6 d’un disseny
“cross-over” comparat amb el disseny de grups paral-lels en quant a eficiéncia relativa,
que es defineix com el quocient entre la grandaria de mostra d’un paral-lel i la d’un
disseny “cross-over” o, equivalentment, el quocient de les variancies de les respostes

respectives.

La informacid s’extreu a partir d’articles publicats entre els anys 2000 i 2002 a
revistes meédiques amb alt factor d’impacte, concretament a “The American Journal of
Medicine”, “Annals of Internal Medicine”, “British Medical Journal”, “The Lancet”,
“The Journal of the American Medical Association” 1 “The New England Journal of
Medicine” amb la intenci6 de participar al “3rd JOINT MEETING International Society
Jor Clinical Biostatistics”, que es portara a terme del 20 al 24 de juliol de 2003 a
Londres i on I’han acceptat per exposar-ne un poster.

El cos del projecte consta d’una introduccié teodrica a 1’analisi dels dos tipus de
dissenys, de I’obtencid de la mostra de casos i dels resultats cercats. Per poder realitzar
Pestudi, és necessari disposar de certa informacié que no es proporciona en tots els
articles; de manera que ha calgut mantenir contacte (via mail o telefonic) amb els seus
autors i, a hores d’ara, no s’ha rebut gran part de la informacié mancant.



2.- MATERIAL I METODES

2.1.- OBTENCIO DE LES DADES

La recerca d’articles s’ha dut a terme consultant la base de dades meédiques

MEDLINE, en la segona opcié OVID.- Fundacié Laporte; accedint des de ’adrega
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Seguidament, es limita la cerca als articles que tractin d’assaigs clinics amb
humans publicats entre el 2000 i 2002 en angles i amb accés a tot I’article:
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La inclusi6 dels articles que formen part de [’estudi es realitza seguint els

seglient criteri:

Es limita la cerca a les revistes The American Journal of Medicine (Am J
Med), Annals of Internal Medicine (Ann Intern Med), British Medical Journal
(BMJ), The Lancet (Lancet), The Journal of the American Medical
Association (JAMA) i The New England Journal of Medicine (N Engl J Med)
per ser revistes prestigioses amb elevat factor d’impacte.

Variable principal (“main outcome”) continua.

Meétode d’analisi (“Statistical analysis”) basat en la teoria de la Normalitat (t-
test, ANOVA, General Lineal Model...)

Les pagines web de les revistes mediques citades son www.amjmed.com (Am J

Med), www.annals.org (Ann Intern Med), www.bmj.com (BMJ), www.thelancet.org

(Lancet), www.jama.com (JAMA) i www.nejm.org (N Engl J Med).
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2.2.- DISSENY DE GRUPS PARAL-LELS

Els “parallel group trials” sén dissenys que es planifiquen amb I’objectiu
d’estudiar I’efecte de dos o més tractaments (intervencions) assignats aleatdriament a
una série d’individus amb la particularitat que cada grup d’individus s’exposa
@nicament a una intervencio.

Els individus son aleatoriament dividits en grups i a cada grup s’assigna a I’atzar
un dels tractaments a comparar. Les estimacions de les diferéncies entre tractaments
s’obtenen de les comparacions entre grups d’individus, és a dir, es basen en la
informacio entre-individus.

Assumint com a premissa que la variable d’interés es distribueix Normalment, el

model per a I’observacié de I’'individu i-éssim sota el tractament j y;, es modelara
segons:

p €s la mitjana general,
a; €s ’efecte fix del tractament, j=) 5«
T; és ’efecte aleatori degut a les diferéncies entre els individus, i=1 2. g
1-N(0,62) ; o2és la variabilitat inter-individual (o ; Between Patient Variation)
&; és Defecte aleatori degut a I’individu

s~N(0,o§) : of és la variabilitat intra-individual (cfy; Within Patient Variation)

‘i,per tant, la variancia de la resposta sera: Var(Y,) =Var(y,) =0} + o,



2.3.- DISSENY “CROSS-OVER”

El disseny “cross-over” és adequat per investigar tractaments per a enfermetats
continues o croniques (asma, reumatisme, migranya, hipertensio, epilépsia...); és a dir,
per a condicions en qué no es qiiestiona la cura del problema subjacent que causa
Penfermetat sind que s’espera moderar el seu efecte amb el tractament. També son qtils
per a quantificar les concentracions de farmac en els diferents compartiments del cos

huma (sang, liquid cefaloraquidic,...), estudis coneguts com a farmacocinética.

Comparat amb el disseny de grups paral-lels, el disseny amb intercanvi del
tractament presenta una série de desavantatges: el problema de les pérdues (“drop-
outs”) dificulta I’analisi i la interpretacié i, si bé en el paral-lel el temps fins que
Pindividu abandona 1’estudi pot proporcionar informacié que es pot recuperar, en un
“cross-over” ¢€s bastant més dificil sobretot si la pérdua es produeix en el primer
periode. D’altra banda, el “cross-over” no és aconsellable quan el pacient pot
experimentar alguna millora o empitjorament durant el curs del tractament, a més,
Pindividu s’ha de sotmetre a varis tractaments i aleshores requereix un periode
d’observacié que deu ser més llarg.

Un inconvenient afegit del disseny amb intercanvi respecte del disseny de grups
paral-lels €s la possible existéncia del fendmen conegut com “carry-over” (efecte

- residual o arrossegat del tractament), que es defineix com la persisténcia o bé fisica o bé
dels seus efectes d’un tractament aplicat en un periode previ. La principal conseqiiéncia
. d’aquest fenomen seria el biaix en l’estimacié de l’efecte del tractament: si, per
" exemple, persisteix 1’efecte curatiu del primer tractament subministrat, al final del segon
tractament pot semblar que és el darrer el que beneficia el pacient quan en realitat és el
primer el responsable. A més pot passar que, per alguna rad, les condicions presents en
els diferents periodes siguin tals que les diferéncies entre tractaments depenguin del

- periode en que son subministrats (I’efecte del tractament no €s constant al llarg del
temps). Ens referirem a la interacci6 entre periode 1 tractament.

Algunes aproximacions per al problema del “carry-over” sén:

1) “two-stage procedure” que consisteix en una série de tests estadistics per
examinar la possibilitat de que el fendmen de ’efecte arrossegat del tractament
hagi ocorregut

2) incloure parametres pel “carry-over” i estimar el tractament i el “carry-over”

simultaniament, o
1 Veure apartat 2.3.1



3) deixar transcorrer un interval de temps entre els periodes de tractaments, conegut

3

com a “wash-out”, durant el qual es pressuposa que [’efecte del tractament
subministrat abans desapareix [si no es proporciona cap tractament, el “wash-
out” és passiu i s’assumeix que el pacient retorna a |’estat natural abans que el

seglient tractament s’inicif; sino, el “wash-out” €s actiu].

Per tal de clarificar a quin tipus d’efecte del tractament es fa referéncia en cada
cas, ‘Pefecte directe del tractament’ serd I’efecte que té el tractament durant el periode
que €s subministrat; de manera que l’efecte del tractament que persisteix després del

eriode de tractament sera ‘Pefecte arrossegat del tractament’.
p g

En un “cross-over” els casos son assignats a seqiiéncies de tractaments amb
I’objectiu d’estudiar les diferéncies individuals entre tractaments (o subseqiiéncies
d’aquests). Cada individu experimental rep dos o més tractaments en un ordre que
dependra del disseny particular escollit.

El disseny més senzill és aquell en quée dos tractaments (etiquetats
convencionalment com A i B) sén comparats i cada individu rep ambdds tractaments en

una de les seqiiencies A,B o B,A en dos periodes successius,

Seqligncia Perlode 1 Periode 2
AB: A A
BA: B B

El patrd del disseny seria:

Secitdnia Periode 1 Periode 2
€qUenCIa | dividu | A B A B
0 ordre
| 1 F////" 1
2 2 / 2
1: AB 3 3 / 3
n n 7 Y n
n+1 / 7 n+l n+1 7/ 7
n+2 // n+2 n+2 //
2:BA n+3 ¢ 47 nt3 n+3 7
n+m /// n+m n+m g /

A’ Annex 6.3, es reprodueix el patré de disseny anterior aplicat a les dades.



2.3.1.- NOTACIO 1 MODELS

S’assumira que hi ha s grups diferents d’individus; cada grup rep ¢ tractaments
en diferent ordre durant el transcurs de p periodes de tractament. Per exemple, per a un
disseny que compari tres tractaments usant tres periodes hauria d’haver sis grups
d’individus: ABC, ACB, BAC, BCA, CAB, CBA de manera que els individus de cada
grup rebrien els tractaments en 1’ordre especificat pel grup. Sigui yix la resposta
observada en I’individu k-éssim del grup i en el periode j, suposarem y;jjx I’observaci6 de
la variable aleatoria Yijjx que pot ser modelada per:

Y1 Tic it ouggi - Adgij- 117 ik
Els termes que apareixen al model corresponen a:

Mitjana general

T

S efecte aleatori de ’individu & en el grup i, =1, 2, .., s; k=1, 2, ..., n.
S’assumeix independent i idénticament distribuit (i.i.d.) segons N(0,62) ; o2és la
variabilitat inter-individual (o} ; “Between patient variation”)

x; Efecte fix del periode j, j=1, 2, ..., p

agi;: cfecte fix directe del tractament administrat al grup 7 al periode j

Agij: efecte fix del “carry-over” del tractament rebut al periode j-1 del grup i, on
Adi01=0
Ex' efecte aleatori de I’individu k en el periode j en el grup i. Els errors ejx

s’assumeixen independents, identicament distribuits segons e~8(0,62) ; 6. ésla

variabilitat intra-individual (3, ; “Within patient variation”).

En el disseny “2x2 cross-over”, el model lineal inclou els parametres per ajustar
'Ia possible diferéncia entre els efectes del “carry-over”, si existeix, perd no el parametre
5pcr a la possible interacci6 entre periode i tractament (que pot ocorrer si la diferéncia
‘entre cls efectes directes del tractament no és la mateixa en ambdds periodes). La raé
‘pcr la qual s’omet el parametre de la interaccid entre el periode i €l tractament és que a
Thaver-hi només quatre mitjanes mostrals, 3,5,, Y4525 Ysa1 1 Y542, NOMEs es poden

incloure com a maxim tres parametres (graus de llibertat) per a respondre sobre les
diferéncies entre les mitjanes: dos graus de llibertat s’associen a les diferéncies entre els
periodes i I’efecte directe dels tractaments, deixant només un associat al “carry-over”ia
la interaccié periode-tractament, que tenen el mateix alias i, per tant, resten confosos>.

2 veure Annex 6.4



La principal caracteristica que diferencia els “cross-over” d’altres dissenys que
comparen tractaments €s que aquesta comparaci6 s’efectua a nivell ‘intra-individual’, és
a dir, cada individu proporciona una comparaci6 directa entre els tractaments que ha
rebut. Per a contrastar I’efecte dels tractaments, les dades es poden analitzar en forma
de diferéncia versus el tractament control (“cross-over differences” i/o “period
differences”; cada individu actia com el seu propi control) i aquesta diferéncia elimina

Ia font de variabilitat deguda a les diferéncies entre-individus.

Tenint present el model anunciat per a una observacié individual i assumint que

no es manifesta e] fenomen del “carry-over” (Apa=Ap=0):

Yy . _ Yasue =Yg = (g —og)+ (m = )+ (€ aprec —€.am2e)
cross-over differences Ygark = Ypawu =(°‘A "u3)+(“2 —“1)*‘(83,421: —EBAlk)
Y —Yapoe =(@ 4 — g )+(my =73 )+ (€ 4g1s — € 52e )

) A =
period diferences {YBAlk —Ypa = (aB ‘O‘A)’L(T‘l "“2)+ (SBAlk _EBAzk)

amb esperances:

_ E[YABlk "YAlszk]=(‘1A “aB)+(7‘1 —sz)

E[Ycross-over differences ]' {E[YBAZk ~Ypan ] — ((1 A—Qp )+ (112 ) =T, )

E[YABlk _YABZk]::(aA "aB)+(7‘1 —“2)

E[Yperiod differences ]= {E[YBAlk ~Yoan ] = (a - )+ (‘"1 -m, )

i, per tant, la variancia d’aquestes variables sera:

Var(Y,_,) =20



2.4.- ALTRES METODES QUE CONTROLEN ¢’y

L’avantatge teoric del disseny “cross-over” és la seva major eficiéncia
estadistica comparat amb els dissenys de grups paral-lels, degut al control de la
variancia entre-individus. Si es disposa de mesures prévies de I’individu que estiguin
relacionades amb la resposta en estudi, altres eines metodologiques com, per exemple,
la restriccid via criteris d’inclusi6, 1’analisi del canvi respecte dels valors inicials,
Pestratificacio o el modelatge, entre d’altres, també permeten controlar aquesta font de
variabilitat.

L’ajust pels valors basals pretén baixar la variancia residual i amb aixd assumir
els objectius: a) augmentar la poténcia i b) disminuir els biaixos potencials. Quan, per
exemple, s’analitza el canvi respecte dels valors a I’inici de I’estudi (Z) abans de
prendre el tractament, la resposta és també, com pel disseny “cross-over”, una
diferéncia pero en aquest cas:

Yeanvi =Y —Z;
I la seva variancia correspondra a:
Var(Ycanv) =0y +62 —20y; =Gy +67 —2py;0y0,
Si es fa servir el metode del modelatge,

Yij =|J.+¢Xij +ai +eij N

f,la variabilitat del terme d’error sera V(e)= c%(l-Rz), on R? és el coeficient de
;determinacié (que per a la regressi6 lineal simple coincideix amb la correlacié entre les
dues variables, Y i X) i (1-R?) és la part de la variabilitat de la resposta no explicada
‘pels termes inclosos al model. L’eficiéncia d’aquest métode és, per tant, com a minim
Ja mateixa que la del dissenys de grups paral-lels. Notar, a més, que I’estudi del canvi

&s un cas particular del modelatge si la covariable és la mesura basal i p=0 i ¢=1.

En I’apartat 6.4 es parla de I’ajust per la mesura basal i/o per covariables quan el
disseny que es duu a terme per contrastar I’efecte dels tractaments és el “cross-over”.
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2.5.- EFICIENCIA D’UN DISSENY

Generalment, la grandaria de la mostra en un estudi comparatiu de dos grups de
pacients, assumint que la variancia de la resposta en els dos grups és la mateixa, 2, es

calcularia fent 0s de la segiient formula:

. 20'2(2(1/2 +zB)Z

n ——62——

suposant 0 el veritable valor de la diferéncia de mitjanes de la resposta (6=p,-1,), tenint
en compte que a és el nivell de significacié del test que compara les dues mitjanes (la
diferéncia és significativa si el valor absolut de I’estadistic ¢ supera el valor de zy» ), la
poténcia del test és 1-f (zg és el valor de la distribucié normal que talla una proporci6 B
en la cua superior).

En un model lineal, X=T+e, X és el valor observat d’una variable per a un
individu, T representa la mitjana de varies hipotétiques repeticions de la mesura sobre
aquest individu i es distribueix al voltant d’una mitjana @ amb variancia o? i, e és
Perror comés o diferéncia entre el valors X i T; amb mitjana zero. Assumint que la

distribucié dels errors és independent del valor de 7, e té varidncia o’ qualsevol que

~sigui el valor de T'i, per tant, la variancia de la variable X es pot descomposar en:

2 _ 2 2
oy =0, to,

Quan es realitzen una série de mesures a diferents individus, una mesura que
expressa la magnitud relativa de les dues components de la variancia d’X és el
“intraclass correlation coefficient of reliability” (“reliability”):

com s’ha vist, o2 és la variancia entre pacients i o és la variancia intra pacients.

El parimetre R augmenta quan el quocient o?/c? disminueix, és a dir, quan
decreix I’error en proporcié respecte del que s’observa i viceversa, mantenint-se en un
rang de variacion entre 0 i 1. R és directament interpretable com la proporcié de
variancia deguda a la variabilitat entre pacients i la majoria d’inconvenients que

11



presenta la falta de fiabilitat d’un estudi s6n funcié d’R, com és el cas de I’increment de

la grandaria de la mostra ‘»’ que s’ha vist que depén de la variancia de la resposta.

La principal rad per que el disseny “cross-over” es prefereix al disseny de grups
paral-lels és perque per obtenir la mateixa precisi6 en les estimacions son necessaris un
menor nombre de pacients. Si el veritable valor de la diferéncia entre les mitjanes de
dos tractaments, A i B, fos de § unitats, establerts els valors d’a i B, la grandaria de la
mostra pel cas del disseny de grups paral-lels es calcularia:

2@@+0§Lu2+z”2
52

n* =

mentre que planificant 1’estudi amb un “cross-over’:

_ O-Pzi’(zan +Zﬂ)2
n=—— "
S

pel que la relacio resultant entre ambdds tamanys de mostra és: n*= (1—25'@ .

Assumint com a unitari el cost del periode, €s a dir, té el mateix cost mesurar un
‘individu dues vegades que mesurar dos individus diferents i, per tant, el cost del disseny

“cross-over” seria dues vegades el del paral-lel, definim:

o la ‘Relacié de les Grandaries Mostrals’ o ’Raé de Mostres’ (‘rn’) com el

quocient entre n i n*:

o el “Sample Size Reduction” (SSR) com:

n*-n

SSR = =1-rn

o finalment, I’eficiéncia relativa del “cross-over” respecte al disseny de grup

paral-lels es calcularia com:

* 2 2
COStparal-lel _ F(n ) _ 1 _ O't +O-e 1

T F=27) 2m  or  (-R)

e

Eficiéncia =
cost

cross—over
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2.6.- EXTRACCIO DE LA INFORMACIO

Per tal de contrastar les hipotesis dels tests a efectuar, caldra assumir
addicionalment que les dades observades son una mostra aleatoria d’una variable amb
distribuci6 Normal (Gaussiana). A continuacio, ens referirem a la forma de procedir a

analitzar les dades en un disseny “2x2 cross-over” via t-test i analisi de la variancia.

2.6.1.- ANALISI VIA t-TEST

El mode de proporcionar els resultats que posen a prova ’efecte tractament és
via mitjana, desviaci6 estdndard i el corresponent interval de confianga de les variables
“period differences” i/o “cross-over differences”.

El procediment emprat quan es compleix 1’assumpci6 de que la variable “cross-
over differences” es distribueixen aleatoriament al voltant del veritable efecte del

tractament és el “INDEPENDENT t-TEST BASED ON MATCHED-PAIRS DIFFERENCES™.

Els factors que poden causar que la variable “cross-over differences” no estigui
distribuida aleatoriament al voltant del veritable efecte son:

1) L’efecte PERIODE: existeix una tendéncia general afectant a tot I’experiment que
faci, per exemple, que els valors observats en el segon periode de tractament
siguin superiors als del primer.

2) La INTERACCIO entre el PERIODE i el TRACTAMENT i/0 CARRY-OVER.

3) La INTERACCIO entre el PACIENT i el TRACTAMENT: ’efecte del tractament és

: diferent per a cada individu.
~ 4) La INTERACCIO entre el PACIENT i el PERIODE es déna quan els individus estan
subjectes a una tendéncia que no és igual per a cadascun.

Es necessari assumir que no existeixen les interaccions entre pacient-tractament i
 pacient-periode perqué sind el tractament no tindria interés practic; els models que les
ajusten haurien de ser “cross-over” en qué cada pacient a cada periode rebés el mateix
tractament varies vegades (répliques). Si existeix algun dels efectes periode o efecte
. amrossegat del tractament, el model lineal que s’assumeix és ’exposat en 1’apartat 2.3.1 i
“es efectes fixos del model complert del “2x2 cross-over” associats a cada individu en
- cada periode i en cada seqiiéncia son:

3 Senn I’anomena “matched-pairs t-test o “correlated t-test”. Veure Annex 6.5

-

13



Seqiiéncia I Periode 1 Periode 2
1 (AB) ptatm Hta A,
2 (BA) ptagtm pHa A,

La premissa que s’efectua és la d’igualtat dels efectes del “carry-over”; és a dir,

que A=), i que es pot validar via:

Es defineix la variable ‘suma’ com:
Ly =Yk +Viok per I'individu k - éssim del grup AB (1)
Ly = Yo + Y per I'individu k - éssim del grup BA (2)
amb esperances:
E[tlk ]=2p.+1t1 +Ty 0y +0,y + A,
E[tzk]=2p.+1t1 +My +0 +0, + A,
Si A=A, les esperances per als dos grups son iguals. Conseqiientment, per contrastar A, =\,
es pot aplicar el two-sample t-test a la ‘suma’.

Si definim Ag=A;~A; i id =t, —t, , aleshores:

E[id]ﬂ“d
V[j‘d]= 2(2°3+°Z{i+% =0'%m
on c%=2(203+03) o tn

n;n,
Per estimar o7, es calcula:

st =in2(t.k -t f /o, +n, -2)

i=1 k=1
amb n,+n,-2 graus de llibertat. Sota H,, 1’estadistic

Aq
Jsim

es distribueix segons una t-Student de (n;+n,-2) graus de llibertat.

tA.:

Com es tracta d’un test preliminar, anterior al test per a la diferéncia d’efectes dels
tractaments, és usual testejar la hipotesi nul-la amb un nivell de significacié del 10% enlloc de
I’habitual 5%. (També es baixa el 1-a per compensar el descens en 1-P degut a la major variancia
de la variable ‘suma’).

Assumint A=A,, es procedeeix a contrastar la hipotesi nu-la d’igualtat d’efectes
-directes, Hp:a1=a13, via el procediment “TWO-SAMPLE t-TEST APPROACH”.
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Si s’assumeix que A;=A,, llavors la variable “period difference’:
dix =¥k ~ Yk per I'individu k - éssim del grup AB (1)
dyx = Yo — Y2k per I'individu k - ¢ssim del grup BA (2)
té esperanga:
E[dlk]= Ty —TMy +0) —0Q)
E[de ]= T~ Wy +0y —0y

Sota la hipotesi nul-la de ot =c1,, les esperances per als dos grups sén iguals i, per tant, es pot
aplicar el two-sample t-test al “period differences”.

Si definim a=a;~0t i &4 =1 [EL -d, ] , aleshores:
E[64]=a,

2 2
V[&d]= Zze (i+i]=ﬂ)—m

n; n, 4

on 0',2) =20

-y
(dik ‘di.) /(nl +n;-2)
Sota Hy, ’estadistic:
G
t, = ———
\/ Ssz/ 4
es distribueix segons una t-Student de (n;+n,-2) graus de llibertat.
L’interval de confianga al 95% per al veritable efecte del tractament, a=o;—q.; és:
12
mSZD
4

ag tnl+nz—2,a/2[

%[al _62. ]itn,+nz—2,a/2 (%SD {—1~+—1—]

n; N,
1 S sera la mitjana de:

2uct-1d, -4, ) S - 2L [d, -4, J-Lar)

t 1 . 1 t 1 + 1
ny+ny-2,af2 n, n, np+n,-2,a/2 n, n,

Sucr =

La justificacié del factor 1 es troba en el segiient raonament: si ens fixem en

FPesperanga matematica de la variable “period differences”

E(dli)=E(YA1i —YBZi)=[u+aA +7‘1]—[u+0‘3 +7T, +7~A]=(°‘A ‘O‘B)‘“(’TI —ﬂz)“M
E(dy)=E(Wpy -V )=ln+ag+m-[n+a, +m, +hg)=(ag —a)+(m —m,)-1p

L’esperanca de la seva diferéncia, assumint que 1’efecte residual dels tractaments
mo existeix (Aa=Ap=0) 0 son iguals (As=Ag), sera:
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E(dli _d21)= E(dlf)‘E(dzi)= Z(O‘A ‘O‘B)

Es a dir, degut a que cada individu aporta informacié sobre els dos tractaments,
I’esperan¢a de la diferéncia de les d; és el doble dels efectes directes d’ambdos
tractaments i, per tant, per estimar 1’efecte diferencial del tractament cal dividir per dos
els resultats. Es tracta d’una prova de dades independents, compara d; en ambdues

seqiiéncies que estan formades per individus diferents.

Si interessa contrastar la diferéncia entre els efectes dels periodes, és a dir,

Hp:m=n; (assumint A;=A;) llavors:

Per tal de contrastar la igualtat dels efectes dels periodes, la variable que s’utilitza és la
“cross-over differences”:
Cy =dy =Yk — Yok per I'individu k - éssim del grup AB (1)
Cox = —dax = ¥Yoor —Youx per l'individu k - éssim del grup BA (2)

amb esperances:
E[clk ]= Ty =My +0 ~ Q)
E[CZk ]= Ty —Ty 0y 0y
Sota la hipotesi nul-la de n,=n,, les esperances per als dos grups son iguals i, per tant, es pot
aplicar el two-sample t-test a la variable “cross-over differences”.
Sing=n-n,1 g4 = %[El_ ¢, |, sota la hipotesi nul-la:
g

t, =—2—
Slz)m/4

T

es distribueix segons una t-Student de (n;+n,~2) graus de llibertat.

Si hi ha evidéncia de que no es verifica la premissa A=A, no es pot procedir a
' contrastar oij=al; ni 7;=n,, donat que si Ag=A1—A,#0 llavors:
- — = A
E[ad]=E['I2'(dl. "dz.) =0y _Td

i, @, ésun estimador esbiaixat de aq4 si Ag=0.

Sinotem: Ay =¥y +V1, =V ~¥2. 1 G4 =%[y11. ~¥12.~ Y21, +¥2.] €s pot veure que

un estimador d’ a4, quan Ag#0 és:

Mg =%511. =Y. Y "‘?22.]"’%511. +¥12. — Y. ‘yzz.]=y11. =Y

Gy
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que ¢és la diferéncia entre els grups en termes de les mitjanes del primer periode; amb
variancia v(&d(xd)=m(of +c§). Es a dir, si Aq#0 P’estimador de oy estd basat en la
informacié entre-individus i €s ’estimador que s’hagués obtingut si 1I’experiment
s’hagués dissenyat com un “parallel group trial” amb només el primer periode. Aixi
doncs, I’existéncia d’un efecte arrossegat anul-la la informacié aportada pel segon
periode i fa ineficient el disseny amb intercanvi de tractaments.

2.6.2.- ANALISI VIA ANOVA

El principal objectiu és ajustar models en ordre seqiiencial fent is de minims
quadrats ordinaris o, quan sigui apropiat, minims quadrats generalitzats. Aixi, per
exemple, partint del model citat en ’apartat 2.3.1 (Model 4) es podrien ajustar els
segiients:

Model 1: Yig=ptricteik

Model 2: Yip=ptrictmtei

Model 3: Yij=ptrict oy jiteik
Model 4: Yij=pttictmHougg jrt-Adgij-1 ik

Comparant la suma de quadrats de la regressid d’aquests models s’obtenen les
sumes de quadrats de cada nou conjunt de parametres inclos al model després d’haver
ajustat la contribuci6 de la resta de parametres al model. Es a dir, del model 1 s’obté la
Suma de Quadrats (SQ) entre-individus, del 2 I’addicional SQ del periode (després
d’ajustar p i 1y), del 3 ’addicional SQ de I’efecte directe del tractament (després
d’ajustar p, i i 7;) i del 4 I’addicional SQ de I’efecte del carry-over (després d’ajustar

U, Tik, T 1 &gpijp)- La SQ residual és al resultant d’ajustar el més complert dels models.

Tot i que es poden contrastar les hipotesis d’interés via t-test, també es poden
realitzar usant F-test obtinguts a partir de les taules d’analisi de la variancia. La taula

d’analisi de la variancia® pel disseny “2x2 cross-over” és:

FONT DE VARIACIO: | gL SUMA DE QUADRATS
Entre-individus:
“ 1} 2nln2 — - 2
Carry-over 1 (0, +0,) (Yl.. Yz..)
L3 Y?k : Y'Z
Residual Entre-Individ +n,-2 k) B
esidual Entre-Individus | (n;+n,—2) .Z_I:H > ; o

4 Referéncia bibliografica (6)
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FONT DE VARIACIO: g 1. SUMA DE QUADRATS
Intra-individus:
Directe dels Tractaments nn, - o= -\
(ajustada pels Periodes) ! 2(n; +n,) (y”' Y. = ya* Y22,)
Periodes nn, - = < = Y
(ajustats pels Tractaments) I 2(n; +n,) (y“. Yiz. * ¥ yn_)
2 2 , 2 n; y_zk 2 2 yg 2 y2
. .. i. 1. i..
Residual Intra-Individus | (n+n,-2) ZZ 4 Yik —Z .5 —Z Z . +ZK
i=l j=1 k=1 i=l k=1 i=l1 j=1 1t i=1 1
S eh 2 y2
Tot: — e
otal 2(ny+ny)-1 ;;lH Vi 2mans)

essent les Esperances de les Quadrats Mitjos (EQM):

EQM(Carry—over)——(k1 A, ) +262 +o2

n,)
EQM(Residual Entre-Ind1v1dus)= Zcf +o2
1

e

EQM(Residual Intra-Individus)=c?

EQM(Directe dels Tractaments)—

EQM(Periodes)= “"2 2nn,

(n; +n,)

A les sortides dels paquets estadistics convencionals apareix, amb les sumes de
- quadrats, els Quadrats Mitjos (QM) i els valors dels F-ratis, que son utils a 1’hora de

 contrastar les hipotesis o =0 i T1=T, un cop s’hagi assumit que A,=A,.

Per validar la premissa A;=A;, es calcula I’ F-rati:

QM _ Carry —over
QM _Residual Entre- Individus

FC=

- isi es verifica que A;=A,, FC és un valor observat de la distribuci6 F (1+n2-2).

Assumint igualtat d’efectes arrossegats dels tractaments o, simplement que no
'~ existeixen, per contrastar la hipotesi nul-la o;=c; es calcula I’ F-rati:

QM _ Directe dels Tractaments
QM _Residual Intra - Individus

FT=

Sota la hipotesi nul‘la, FT és un valor observat de la distribucié F q1+n2-2).

Per contrastar la hipotesi nul-la w,=m;, es calculara:

QM _ Periodes
QM _Residual Intra - Individus

FP=
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que sota Hy, és un valor observat de la distribuci6 Fi (n1+n2-2).

Per mostrar-ne una aplicaci6 practica de I’esmentat, a continuacié es mostra la
sortida proporcionada pel paquet estadistic SAS de ’analisi de les dades facilitades pel
Dr. Craig Crandall, autor de ’article “Mechanism of Cocaine Induced Hyperthermia
in Humans” publicat a Annals of Internal Medicine, 136(11):785-91, 2002 Jun.

El model ajustat és el model complert:

Yige=prtict R grAdri-1 ik

yijk ésl’observaci6 de 1’”esophageal temperature”, TES, en I’individu £, periode j i
grup i

Tik €s ’efecte de I’individu £ en el grup i, i=1="lidocaine-cocaine”; i=2="cocaine-
lidocaine”,

; és lefecte del periode j, j=1,2

agpij és lefecte directe del tractament subministrat al grup 7/ en el periode j;
dfl,1]=d[2,2]="cocaine”; d[1,2]=d[2, 1]="lidocaine”.

Agpij-1; és I’efecte del “carry-over” del tractament proporcionat al grup 7 en el periode
j—1; d[1,1]=efecte retardat del tractament “cocaine”; df2, 1 ]=efecte retardat del
tractament “lidocaine”.

Les dades son les que apareixen seguidament.

Mechanism of Cocaine Induced Hyperthermia in Humans

PERIOD GROUP TREAT PATNUM TES PREHS
1 1 2 4 38.360 36.88
1 1 2 6 38.060 36.48
1 1 2 7 37.580 36.89
1 2 1 1 37.530 36.70
1 2 1 2 37.980 37.09
1 2 1 3 37.410 36.62
1 2 1 5 38.300 36.48
2 1 1 4 38.510 36.86
2 1 1 6 37.800 36.66
2 1 1 7 37.920 37.10
2 2 2 1 38.163 36.69
2 2 2 2 38.470 37.22
2 2 2 3 37.710 36.71
2 2 2 5 38.540 36.45

proc glm;

class GROUP PATNUM PERIOD TREAT;

model TES=GROUP PATNUM (GROUP) PERIOD TREAT;
random PATNUM (GRQUP) /test;

estimate 'cocaine-lidocaine' TREAT 1 -1;
run;
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The GLM Procedure

Class Level Information

Class Levels Values
GROUP 2 12
PATNUM 7 1234567
PERIOD 2 12
TREAT 2 12
Number of observations 14

Dependent Variable: TES

Sum of
Source DF Squares Mean Square F Value Pr > F
Model 8 1.74821665 0.21852708 7.67 0.0191
Error 5 0.14253171 0.02850634
Corrected Total 13 1.89074836
R-Square Coeff Var Root MSE TES Mean
0.924616 0.444033 0.168838 38.02379

En primer lloc, notar que, al ser un disseny balancejat la descomposicié de
Sumes de Quadrats és tinica i, per tant, “rype 111 ss” no afecta coincidint amb “rype 1

ss”:
Source DF Type I SS Mean Square F Value Pr > F
GROUP 1 0.00222215 0.00222215 0.08 0.7913
PATNUM (GROUP) 5 1.39148171 0.27829634 9.76 0.0129
PERIOD 1 0.25596064 0.25596064 8.98 0.0302
TREAT 1 0.09855215 0.09855215 3.46 0.1221
Source DF Type III SS Mean Square F Value Pr > F
GROUP 1 0.00222215 0.00222215 0.08 0.7913
PATNUM (GROUP) 5 1.39148171 0.27829634 9.76 0.0129
PERIOD 1 0.20783501 0.20783501 7.29 0.0428
TREAT 1 0.09855215 0.09855215 3.46 0.1221
Source Type III Expected Mean Square
f GROUP Var (Error) + 2 Var (PATNUM(GROUP)) + Q(GROUP)
PATNUM (GROUP) Var (Error) + 2 Var (PATNUM(GROUP))
PERIOD Var (Error) + Q(PERIOD)
TREAT var (Error) + Q(TREAT)

Tests of Hypotheses for Mixed Model Analysis of Variance

" Dependent Variable: TES

Source DF Type III S8 Mean Square F Value Pr > F
GROUP 1 0.002222 0.002222 0.01 0.9323
Error 5 1.391482 0.278296

Error: MS(PATNUM(GROUP))

Source DF Type III S8 Mean Square F Value Pr > F
PATNUM (GROUP) 5 1.391482 0.278296 9.76 0.0129
PERIOD 1 0.207835 0.207835 7.29 0.0428
TREAT 1 0.098552 0.098552 3.46 0.1221
Error: MS(Error) 5 0.142532 0.028506
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Dependent Variable: TES

Standard
Parameter Estimate Error t Value Pr > |t
cocaine-~lidocaine -0.16954167 0.09118306 -1.86 0.1221

El model ajustat es correspon al model complert (Model 4). A continuaci6, es

pot veure que:

Source Type III Expected Mean Square

GROUP Var (Error) + 2 Var (PATNUM(GROUP)) + Q{GROUP)
PATNUM (GROUP) var (Error) + 2 Var (PATNUM(GROUP})

PERIOD Var{Error) + Q(PERIOD)

TREAT var (Error) + Q{TREAT)

reproducix les Esperances de les Sumes de Quadrats, equivalent GROUP a la font de

variaci6  “Carry-over”, rearnumcrovry a la  “Residual

Entre-Individus”,

Var (PATNUM (GROUP) ) =G2;, Var (Error)= G2 i els termes Q a la variabilitat sistematica dels

efectes a que fa referéncia.

Per a contrastar les hipotesis d’interés:

Source DF Type III SS Mean Square F Value
GROUP 1 0.00222215 0.00222215 0.08
PATNUM (GROUP) 5 1.39148171 0.27829634 9.76
PERIOD 1 0.20783501 0.20783501 7.29
TREAT 1 0.09855215 0.09855215 3.46

Pr

(=R ool

> F

L7913
.0129
.0428
L1221

S’observa que el valor FC=0,08 amb un p_valor de 0,7913 i, per tant, no hi ha

-evidéncia en les dades per rebutjar Ho:A;=A;. Assumint igualtat d’efectes “carry-over”,

‘s’estd en condicions de contrastat la igualtat d’efectes directes dels tractaments i

-defectes periode: FT=3,46 i el p_valor és 0,1221, pel que tampoc es pot rebutjar

‘Hp:ay=ct; perd si hi ha efecte periode al resultar FP=7,29 amb un p valor de

10,0428<0,05.

2.6.3.- L’US DE “BASELINES” I/0 DE COVARIABLES

Una forma d’augmentar la poténcia del test per a la diferéncia d’efectes

arossegats del tractament (donat que usa la ‘suma’ d’on la variabilitat introduida per

Pindividu no s’ha eliminat) és 1’Gs de les mesures basals preses a I’inici de 1’estudi o

durant el periode “wash-our”. Algunes vegades, per raons ¢€tiques, per exemple, no es

porta a terme el periode “wash-our” i, en aquest cas, la mesura basal prévia al

tractament del primer periode pot ser tractada com una covariable, en canvi, no es pot
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dir el mateix de la mesura basal al segon periode ja que estaria afectada pel primer
tractament.

La importancia de les covariables resideix en: en primer lloc, estudiar la
interacci6 tractament-covariable. I, en segon lloc, estudiar I’efecte principal de la
covariable en la resposta, si hi ha relacio aleshores part de la variabilitat entre-individus
g’explica amb els valors de la covariable. En aquest darrer cas, la variabilitat residual
entre-individus es redueix.

En el disseny “2x2 cross-over”, la segona utilitat de la covariable €s rellevant
només per contrastar 1’efecte arrossegat o la interaccié entre la tractament i periode
perqu¢ la resta de contrastos es basen en les diferéncia intra-individus d’on la
variabilitat inter-individu s’ha eliminat.

Si la covariable és categorica s’introdueix com a factor (A) addicional. En
preséncia d’interaccié entre covariable i efecte directe del tractament, €s necessari
interpretar ’efecte del tractament per cada nivell del factor A. De manera similar

s’examina la interaccio entre la covariable i el periode.

Pot passar que la interaccid entre la covariable i I’efecte directe del tractament
no resulti significativa, llavors 1’avantatge de reduir la variabilitat entre-individus
dependra del seu {is com a factor bloc i la seva incorporacio sera efectiva depenent de
I"aportaci6 dels quadrats mitjos de I’efecte principal de la covariable als quadrats mitjos
- residuals entre-individus.

‘ Si és conegut el guany que pot representar la covariable abans de dissenyar
5 Pexperiment, els individus s’han d’aleatoritzar dins de cada nivell de la covariable ja
gue d’aquesta manera es garanteix un disseny balancejat i equilibrat. Per ser balancejat
- la descomposicié de la suma de quadrats sera Gnica i per ser equilibrat s’aconsegueix la

' méxima eficiéncia. Després, és essencial que sigui inclosa a I’analisi.
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3.- RESULTATS

3.1.- SELECCIO DELS ARTICLES I DIAGRAMA DE FLUX

544 articles buscats a MEDLINE amb text complet,
mot clau "crossover” i publicats entre el 2000 i el

2002
r

53 articles que pertanyen a Am J Med, Ann Intern
Med, BMJ, JAMA, Lancet, N Engl J Med

| 3 dels 53 s6n repetits

50 articles diferents

1

3 no sbn un estudi crossover i
1 és un comentari d'un aitre article

| 11 no tenen la resposta principal quantitativa

5 articles estudien el canvi respecte el valor inicial

6 articles no es basen en el t-test o0 métodes
relacionats

| 1 Letter, 1 Editors, 1 Correspondence

21 es basen en la distribucié Normal

1

9 no proporcionen la informacié suficient per efectuar

els calculs
| 5 analisi de la variancia |
| 4 t-test |
| 3 modelitzacié |

Figura 1: Diagrama de Flux

Com es pot veure a la figura 1, a partir de la cerca realitzada a MEDLINE
‘descrita a ’apartat 2.1, s’obtenen un total de 544 articles de revistes médiques.
‘D’aquests articles, es seleccionen els que pertanyen a les revistes seglients [nimero

d’articles obtinguts per cadascunal:
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The American Journal of Medicine [4]

Annals of Internal Medicine [9]

The British Medical Journal [10]

The Journal of the American Medical Association [8]
The LANCET [7]

The New England Journal of Medicine [12]

En total s’obtenen 50 articles dels quals s’inclouen els estudis amb disseny
“cross-over”, descartant els articles (numeracié Annex 6.1):

o (212) de Am J Med perque esta planificat com a un disseny de grups

paral-lels pero aplica el “cross-over” al grup dels no-tractats (intervencid
placebo) com a terapia de rescat.

(119) de Ann Intern Med donat que és un “Summary for patients” i fa
referéncia a I’article (120) de 1a mateixa revista.

(196) de BMJ per tractar-se d’un disseny de grups paral-lels.

(13) de JAMA perqué ’objectiu de la planificacié del disseny “cross-
over” no és el de reduir la variabilitat siné el d’eliminar possibles
biaixos.

Dels 46 articles restants s’escullen aquells amb resposta principal continua.

En la taula que figura a continuacié es troba el codi Medline dels articles

descartats per no verificar el criteri d’inclusié anterior, dels que estudien el canvi

-respecte dels valors inicials i de cartes de recerca:

Revista

Resposta principal | Estudi del canvi respecte | "Research
no continua valors inicials Letters"

Am J Med 409
Ann Intern Med 120 319, 447
BMJ 39, 197, 282, 442 5,408
JAMA 16, 279 503
Lancet 341
N Engl J Med 189, 356, 528 442 6

A part, també s’ha buscat que 1’estudi basi el métode d’analisi de les dades en la

teoria de la Normalitat: t-test, analisi de la varidncia, modelitzaci6 o métodes

relacionats; excloent per aquest motiu els articles que apareixen amb numeracid
Medline a la taula segiient:
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Matode d'analisi ]
Revista sigzlecd?ir(::k msftit:it\’liell 'Lotr;g-tcank
test
Am J Med
Ann Intern Med
3 BMJ 336
2 JAMA 335
Lancet 413
N Engl J Med 220, 309 20

Es pot trobar més informacié sobre els articles rebutjats a I’ Annex 6.2.

En total ens queden 21 articles dels quals:

» 9 no proporcionen la informaci6 suficient per efectuar els calculs

» 5 s’han realitzat els calculs a partir d’informacié sobre I’anilisi de la
variancia

» 4 s’han calculat a partir de la prova t-test

> 3 han estat modelats per obtenir-ne els resultats.
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3.2.- DADES OBTINGUDES

Dels 21 articles seleccionats per 1’estudi, de bon principi només hi ha 11 que
permeten fer els calculs directament.

La resta no proporcionen informacié suficient i per aixo es va decidir de posar-se en
contacte amb els autors per demana’ls-hi la informacié que mancava. D’aquests 10,
s’escriu per mail tant a 1’autor principal com als restants autors dels queé es va poder
aconseguir 1’adrega de correu electronic, en algun cas també es va telefonar.

Fins aquests moments només hem rebut resposta amb dades d’un autor (Craig
Crandall). Dels restants, a I’Annex 6.6 es pot trobar la relacié de mails enviats per
solicitar la informacio i les respostes, si n’hi ha.. Per tant, han quedat 9 articles als que
no hem pogut realitzar els calculs per falta d’informacio.

3.2.1.- INFORMACIO DELS ARTICLES

En aquest apartat es proporciona la informacié que s’ha extret de cada article per
tal de realitzar els calculs pertinents a ’estudi. Al final del titol de cada article, figura el
codi Medline i la revista a la qué s’ha publicat.

La presentacié s’efectua en primer lloc, segons la metodologia emprada en
’analisi de les dades i, posteriorment, apareixen els articles dels quals no es disposa

d’informaci6 suficient, aixi:

ANALISI DE LA VARIANCIA

Mechanism of Cocaine hyperthemia in Humans "° (A Item Med) j

N=7 healthy, cocaine naive volunteers

Responses: Internal temperature, skin temperature, cutaneous vascular conductance and sweat
rate

Statistical analysis: two-way repeated mesures analysis of variance

Main outcome: Internal temperature

Comentari>": L’analisi de la variancia de les dades d’aquest estudi, sense ajustar
pels valors basals, s’ha reproduit en ’apartat 2.6.2. on hi figuren les dades originals,
proporcionades per 1’autor Craig Crandall.

En I’apartat 3.3.2., el calcul de la variancia “within” es duu a terme a partir de la
variancia de la variable diferéncia d’efectes dels tractaments.
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hyroxine treatment in patients with symptoms of hypothyroidism but thxroid function tests within th
reference range: randomised double blind placebo controlled crossover trial ¢ ®*}

Design: Randomised double blind placebo controlled cross-over trial

BASELINES: Table A on the BMJ website (Statistical methods: baseline characteristics were
summarised by means (SD) or counts and percentages as appropriate. For each
variable, participants were grouped into their sequence group (thyroxine-placebo or
placebo-thyroxine) to create data summaries in relation to treatment

Patients (n=25) Controls (n=19)
Thyroid stimulating hormone (mU/l) at 0 minsl 19(1.1) 1.4 (0.9)
Participants: 22 patients with symptoms of hypothyroidism who had function tests within the

reference range, and 19 controls (healthy volunteers)

Main outcome measures:  thyroid function test (biochemical measures), measures of cognitive function and of
psychological and physical wellbeing

Statistical analysis: In each set of participant, the effect of treatment on each variable was studied by using
analysis of variance models in relation to patient, period, and treatment. The within
patient treatment differences were adjusted by period and 95% confidence limits
created.

Table 1.- Response to thyroxine of 22 patients with symptoms of hypothyroidism byt thyroid function test within the
reference range. [Mean (SD)]

0.utcome.: Thyroxine Placebo Adjusted difference(95%Cl)
Biochemical measures

Thyroid stimulating hormone 0,66 (0,77) 1,77 (1,21) -1,17 (-1,76 to -0,59)
Table 2.- Response of 19 healthy participants to thyroxine. [Mean (SD)]

Outcome: Thyroxine Placebo Adjusted difference(95%Cl)
Biochemical measures

|Thyroid stimulating hormone| 0,32 (0,38) 1,55 (1,54) -1,17 (-1,80 to -0,53)

Comentari 2®; I’efecte del tractament sobre la “thyroid stimulating hormone” es
proporciona per separat pels pacients i pels controls, peré no s’efectua cap comparaci6

entre aquests dos grups (independents).

Effects of diet and simvastatin on serum lipids, insulin, and antioxidants in hypercholesterolemic men: a
randomized controlled trial 4 1AMA

N=60 previously untreated hypercholeterolemic men
n(simvastatin/placebo)=30 n(placebo/simvastatin)=30

Primary variables: Cholesterol and LDL-Cholesterol

Statistical analysis:  Analysis of variance for repeated measures, with contrasts between baseline and simvastatin
or placebo treatment periods, was used to test the significance of dietary changes within the
dietary treatment and habitual diet groups. The analysis of variance model was fitted
separately to the dietary treatment an habitual diet groups, where period and carryover effects
were tested. Because no period or camyover effects were observed and baseline values
affected the outcome, repeated analyses of covariance with baseline values as covariates,
dietary treatment and habitual diet as intersubject factors, and placebo and simvastatin
treatment as intersubject factors were included in the final models.

Table 2.- Dietary intake of cholesterol, fatty acids, fiber, vitamin E, ascorbic acid and beta-carotene (Mean(SD))

Baselines
Variable Habitual diet Dietary treatment
| cholesterol, mg/dL 259 (24) 250 (21)
Table 3.- Effects of Dietary Treatment and Simvastatin (mean (SE) (95%Cl))
Variable Simvastatin-placebo (*)
| cholesterol, mg/dL -53 (2) (-58 to -48)
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Comentari '*: El model ajustat finalment a les dades seria:
Vit ¢ X HRHBrHTic oL j ik
on
i=1="simvastatin/placebo” i=2=" placebo/simvastatin”
Xijlk representa la mesura basal del colesterol,
Bi és l’efecte de la covariable (factor) dieta amb |="habitual diet”; “dietary
treatment”.
oqiji €s Defecte directe del tractament; d[1,1]=d[2,2]="simvastatin”,
d[1,2]=d[2,1]="placebo’.

La variancia entre-individus, a més de la forma habitual en la majoria dels articles,
s’ha calculat a partir de la comparaci6 entre dietes, que es tracta d’una comparaci6 de
mitjanes de dos grups independents i que equival a I’analisi que es duria a terme si el
disseny fos de grups paral-lels.

[Entrainment of free-running circadian rhythms by melatonin in blind people 3% ®&ns!J e —|

N=7 subjects who had free-running circadian rhythms

Main outcome measure: timing of the increase in endogenous melatonin production (was determined as a
marker of the circadian phase) and polysomnographic variables

Statistical analysis: two-sided t-test for repeated measures (differences in circadian period : TABLE 1)

Analysis of variance and post hoc two-sided t-test for repeated measures (differences in
polysomnographic variables [total time asleep, sleep latency, sleep efficiency and time
spent awake after the onset of sleep] according to treatment, stage of the trial and
interaction : TABLE 2)

Table 1.- Characteristics of 7 blind subjects with free-running circadian rhythms at base line and during the
administration of placebo or melatonin

Circadian period

Subject no. Base-line Piacebo Meiatonin

1 242 242 24

2 24,3 243 24

3 24,4 243 24

4 24,5 - 24

5 244 243 24

6 24,6 24,5 24

7 24,9 248 243
Mean (SD 24,5(0,2) 24,4 (0,2) 24,0(0,1)

Comentari ~*; Com les dades per a cada individu estan disponibles i els resultats
que es presenten fan referéncia a diferéncies entre-pacients (perod no intra-), la variancia
“between” es calcula a partir de la variancia de la resposta final, que s’obté ponderant

les variancies del “circadian period” per a les intervencions (placebo i “melatonin™).

La variancia “within” s’estima ponderant les variancies de les tres diferéncies intra-

individus (“baseline-placebo”, “baseline-melatonin”, “melatonin-placebo), una altra
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possibilitat seria estimar-la unicament de la diferéncia “melartonin-placebo” ja que no

pressuposa res sobre el valor basal.

|Beneﬁcial effects of high dietary fiber intake in patients with type 2 diabetes mellitus "' ™ Fn9'J Med)

N=13 patients with type 2 diabetes meliitus

n(high-fiber diet/ADA diet)=6 n(ADA diet/high-fiber diet)=7
Main outcome: plasma glucose and plasma lipid concentrations
Statistical analysis: repeated-measures analysis of variance

Table 4.- Fasting plasma lipid and lipoprotein concentrations during the last week of the study periods (days 38
through 42)

. . . . Difference between diets
Variable ADA diet High-fiber diet (95%Cl)
| plasma total cholesterol 210(33) 196 (31) -14 (-27 to -2)

Comentari “*': El calcul de la varidncia “between” s’efectua a partir de la

variancia de la resposta final (No es disposa de valors sobre els valors basals).

t-TEST

evere Hypertriglyceridemia with Insulin Resistence Is Assoclated with Systemic Inflamation: Reversal with
ezafibrate Therapy in a Randomized Controlled Trial 13! (Am - Med

N=18 patients with hypertriglyceridemia N=20 nomolipidemic controls

Main outcome: Tumor necrosis factor (TNF)-alfa

Table 1.- Baseline Characteristics of Controls and Hypertriglyceridemic Patients

Variable Controls (N=19) Hypertriglyceridemic (N=13) | Mean Difference (95% CI)*
|TNF-aIfa production (pg/mLy}, 23200 (8700) 35000 (10000) 11700 (7800 to 15700)

Table 2.- Effects of Placebo and Bezafibrate on Serum Lipids, Insulin, Glucose, Insulin Resistance, and
Inflammatory Parameters in 18 Hypertriglyceridemic Patients

. Variable Placebo Bezafibrate Mean Difference (95% CI)*
|TNF-aIfa production (pg/mL.) 35000 (6500) 31400 (6500) -3600 (-6500 to -600)

. * ‘ -n . .y .
Comentari "*': Pel calcul de la varidncia “between” s’usa la variancia de la

resposta final perqué per a la comparacié dels efectes de placebo i “bezafibrate” els
resultats que es proporcionen fan referéncia al grup “hypertriglyceridemic” inicament.

ubstituting walnuts for monounsaturated fat |mProves the serum lipid profile of hypercholesterolemic men
nd women: a randomised crossover trial %7 (A e

Patients: adult men and women with polygenic hypercholesterolemia
n(walnut diet/control diet)=25 n(control diet/'walnut diet)=24
Main outcome: Serum levels of total and LDL cholesterol

Table 3.- Serum lipid and lipoprotein levels, analytes related to low-density lipoprotein oxidation and body weight at
the end of each diet period [Mean (SD)]

Variable Baseline control diet walinut diet

| Total cholesterol leve 7,16 (0,85) 6,81 (0,79) 6,52 (0,90)
Treatment effect (95%Cl)

[ Total cholesterol leve -0,28 (0,43 t0 -0,12)
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Cardiov_z:scular effects of sildenafil during exercise in men with known or probable coronary artery
isease

N=105 men who had erectile dysfunction and known or highly suspected CAD (Coronary Artery Disease)
n(sildenafil/placebo)=53 n(placebo/sildenafil)=52

Main outcome measures: Hemodynamic effects of sildenafil during exercise (onset, extent, and severity of
ischemia) assessed by exercise echocardiography

Statistical analysis: For continuous varibles, treatment effects were assessed by calculating the difference
between first and second study data. These differences were then compared by using
the 2-sample test wiht corresponding 95% CI. The matched-pairs paired t test was
used to evaluate differences between premedication and postmedication data.

Results: BASELINES
Sildenafil Placebo
Systolic blood pressure] 135 (19) 135 (20)
Table 2.- Exercise test Hemodynamics (N=105) (Mean (SD))
Variable Sildenafil Placebo Mean difference (95%Cl)
Systolic blood pressure
Rest 128 (17) 133 (19) 43(09t07,7)
Exercise 174 (29) 176 (30) 24(-25 t074)

Rest was measured after medication receipt but before exercise testing

Comentari '*: Una de les premisses per a la comparacié de tractaments és que
aquests afecten a la mitjana de la resposta pero no a la seva variancia. En la taula 2, es
disposa de la "Systolic blood pressure" a "Rest" i a "Exercise"; perd només s'utilitza el
moment "Rest" perqué la variabilitat de la resposta havent fet l'exercisi viola la premissa
efectuada.

lSputum eosinophilia and short-term response to prednisolone in chronic obstructive pulmonary disease:
radomised controlled trial %% (tanc*t

Participants: 67 patients who had COPD (chronic obstructive pulmonary disease) treated with
bronchodilators
n{placebo/prednisolone)=33 N(prednisolone/placebo)=26
Primary outcomes: Change in postbronchodilator FEV(1), total CRQ score, and shuttle walk distance after

prednisolone compared with placebo

statistical analysis: Improvement in the primary and secondary outcome variables after prednisolone
compared with placebo are reported as paired mean differences (95% CI); Mean
paired difference between prednisolone and placebo (Mean (95%Cl))

Results: Mean difference (95%Cl) Postbronchodilator FEV(1) 0,07 (0,01 to 0,14)
Table 1.- Mean (SE) outcome measures before and after treatment
Variable Before After
. prednisolone 1,10 (0,05) 1,15 (0,05)
ostbronchodilator FEV(1
P M Placebo 1,15 (0,06) 1,14 (0,06)

MODELITZACIO

The effect of two different dosages of intravenous immuglobulin of the incidence of recurrent infections i
patients with primary hypogammaglobulinemia "4 (A ntem Mec)

N(initial)=43 with primary hypogammaglobulinemia; 41 of whom completed the protocol

n(standard dose/high dose)=25 n(high dose/standard dose)=16
Primary outcomes: Ocurrence of infeccions
statistical analysis: Multivariate model in which the number of infections was the dependent variable and

dosage, sequence of treatment, and patient were the independent variables. The total
number of acute infections was compared by using the paired t-test
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Table 1.- Infections in patients with primary hypogammaglobulinemia treated with 2 different dosages of intravenous
immuglobulin (Mean +/- SD (95%Cl),n)

Variable Standarc(i::;sﬁ therapy High-dose therapy (n=43) Difference (35% Ci)
Total immunodeficiency-
related infections per patient 3,5+/-2,6(2,7t04,3) 25+/-2,4(1,81t03,2) 1,1 (0,410 1,8)

o* [ . . . .
Comentari 2**: La variancia “Between” s’ha calculat a partir de la variancia de la

resposta final (No es disposa d’informacié sobre la “baseline’).

Efects of fexofenadine, diphenhydramine, and alcohol on driving performance " (A intem Med) |

Participants: 40 licensed drivers with seasonal allergic rhinitis

Primary end point: coherence (correlation between the velocity of the participant's vehicle and the velocity
of the head vehicle)

Statistical analysis: Each treatment effect was estimated with equal precision in a model with treatment,
period, and first-order carry-over effects...The statistical method we used (mixed
general linear model) requires that the data be approximately normally distributed.
Most of the outcomes we measured were significantly non-normally distributed, and it
was necessary to re-express (transform) them to achieve normality. We use Box-Cox
analysis to select an appropriate power transformation of each variable. Specifically,
coherence (c) was re-expressed as 1-sqrt(1-c*2)*1,25)... To make statistic
interpretable, we converted all statistical resuits-means, differences and Cls-back to
the original, more interpretable measurement scales.

Table 1.- Primary end point : coherence [Participants: n = 40} Mean (SD) (95% Cl)

Mean Coherence value (SD) (95%Cl)
alcohol 0,920 (0,014) (0,891 to 0,945)
diphenhydraminj 0,877 (0,019) (0,837 to 0,911)
fexofenadin 0,915 (0,014) (0,884 to 0,940)
placebo| 0,906 (0,015) (0,875 to 0,933)
alcohol vs diphenhydramin 0,043 (0,012) (0,021 to 0,068)
alcohol vs fexofenadinj 0,005 (0,009) (-0,012 to 0,024)
alcohol vs placebo 0,014 (0,009) (-0,004 to 0,033)
Diphenhydramine vs fexofenadine| -0,038 (0,013) (-0,063 to -0,013)
diphenhydramine vs placebo -0,029 (0,012) (-0,054 to -0,005)
fexofenadine vs placebo 0,009 (0,010) (-0,01 to 0,028)

Comentari >\': La resposta principal es transforma per tal de normalitzar-la i tant
les mitjanes com les diferéncies i els intervals de confianga s’han transformat a 1’escala
original, perd no les desviacions tipus (que estan en |’escala transformada). La
variancia de la resposta final (que és la suma de les variancies intra- i entre-individus) es
calcula ponderant les variancies de la reposta pels tractaments per separat; mentre que la
variancia intra-individus és la meitat de la variancia que s’obté ponderant les variancies
de les diferéncies d’efectes entre tractaments.

Effects on blood pressure of reducted dietary sodium and the dietary approaches to stop hypertension
(DASH) diet "¢ N Enat s Mec)

N=412 participants

Primary end point: systolic blood pressure
Study design: participants were randomly assigned to follow one of the 2 diets (DASH diet/CONTROL
diet) according to a parallel group design. They ate their assigned diet at each of the 3
sodium levels for 30 consecutive days in random order in a crossover study
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Statistical analysis: A unified generalized-estimating-equation model with an exchangeable covariance matrix

- was used for primary analyses. Blood pressure was the outcome. The base-line blood
pressure, the clinical center, and the cohort were represented in the model as fixed
effects, whereas the intervention periods were included as random effects to allow for
within-person correlation among blood-pressure measurements. The model included
indicators of the cohort, the clinical center, and the camryover effect from the previous
intervention. Results were similar with and without carryover in the model. Indicators for
the subgroups specified in the study protocol (hypertensive status, race, and sex) and for
the relevant interactions with the effects of the diet assignments and sodium levels were
included in the subgroup analyses.

Table 1.- Base-line characteristics of the participants (Mean (SD))
Characteristic
Blood pressure (mmHg) Control diet (N=204) DASH-diet (n=208)
| systoli 135 (10) 134 (10)
Figure 1.- Mean changes in blood pressure for various sodium levels

Comentari **: A part dels efectes fixos (valors basals, el centre i la cohort) que

s’inclouen al model, el periode en aquest cas és un efecte aleatori.
Yijtmk=Xijk - Brdm+Tict A ai jic-A2api it A3 it Ol A -1 it
+ interaccions rellevants[A(.)apijik:P1 5 AC)drijik: Orig]

on

B és I’efecte fix del centre,

Om és ’efecte fix de la cohort

Algjijiks A24p 5k 1 A3gpijk son els indicadors de 1’estat hipertensiu, la raga i el sexe.

ouij és I’efecte fix del tractament de sodi. Com no s’especifica el patr6 del quadrat
Hati, per il-lustrar els valors de d[i,j] si suposem:

Periode 1 Periode 2 Periode 3
@ 1 High Intermediate Low
:é_ 2 | Intermediate Low High
» 3 Low High Intermediate

d[1,11=d[2,3]=d[3,2]="high”;
d[1,2]=d[2,1]=d[3,3]="intermediate”,
d[1,3]=d[2,2]=d[3,1]="low”.

7; és I’efecte aleatori del periode de tractament, amb mitjana zero i variancia o2.

NO PROPORCIONEN INFORMACIO SUFICIENT PER EFECTUAR ELS CALCULS

Els efectes “absoluts” per separat no sén identificables i no té cap valor

' proporcionar-los. El disseny sera eficient per:

a) Detectar ’efecte diferencial (prova d’hipotesi)
b) Comunicar la seva magnitud informant del soroll aleatori (interval de confianga)
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L’interval de confianga és més informatiu que la prova d’hipotesi ja que quantifica
la incertesa i, d’altra banda, és obligat reportar-lo (CONSORT) a diferéncia del p_valor.

Els articles que s’inclouen en aquest subapartat analitzen les dades adequadament
d’acord amb el disseny aparellat del “cross-over”; perd només presenten resultats pels
efectes “absoluts” dels tractaments, pel que el benefici/eficiéncia del disseny amb
intercanvi del tractament és nul en la presentacid de resultats.

S’ha escrit a I’autor per completar la informaci6 per¢ fins al moment no s’ha rebut

resposta, si no s’especifica el contrari.

‘ effects of Transdermal Estradiol on the response to mental stress in postmenopausal women: a
ized tria] 77 (AmJ Med)

N=10 postmenopausal women
n(17-beta stradiol /placebo)=6 n(placebo/ 17-beta stradiol)=4
Main outcome measures:  plasma catecholamine levels and the cardiovascular and metabolic responses to a 15
minute stress with mental arithmetic

Statistical analysis: repeated measures analysis of variance in which the effect of both time and treatment
were evaluated. (interaction between order of treatment and effects on stress response
were not statistically significant)

Results: Epinephrine levels (variable) (pmol/liter)
Mean (SD)

Placebo (baseline) 273 (67)

Placebo treatment 431 (135)

Epinephrine (baseline) 279 (72)

Epinephrine treatment 357 (77)

*268 (Ann Intern Med) J

é“Ft‘lilserranean and Low-Fat diets improve endothelial function in hypercholesterolemic men

' =22 hypercholesterolemic (volunteers) men

n(NCEP-1/mediterranean diet)=10 n(mediterranean diet/NCEP-1)=12
. Mlleasurements: endothelial function (flow-associated vasodilatation)
' Statistical analysis: For each diet: analysis of variance for repeated measures to test for dietary effects on

plasma lipid levels and edothelial function When significant effects were detected
| (p<0,05), the Bonferroni test was used for a post hoc comparison.
' BASELINE: Saturated fat diet (initial 28 day period during which all patients consumed a diet high in
saturated fat.)

/

sble 1.- Flow-associated vasodilation (endothelial-dependent), glyceryl trinitrate-induced vasodilatation (endothelial-
independent) and plasma levels of soluble intracellular cell adhesion molecule-1, vascular cell adhesion molecuie-1
; and P-selectin at the end of each dietary period [mean(SD)}

' Variable (main outcomes) Saturated fat diet Mediterranean diet NCEP-1 diet
r Flow-associated vasodil, 0,41 (0,05) 0,54 (0,04) 0,45 (0,03)

Iﬁect of temazepan on ventilatory response at moderate altitude 2 ®%) J

N=7 healthy men aged 21 to 27
- Measurements: arterial oxigen (Pao2) and carbon dioxide (Paco2) concentrations

Statistical analysis: Differences in blood gas concentrations Before and After temazepan or placebo at each
altitude were analysed by paired t test

Table.- Pao2 and Paco2 concentrations (Kpa) of 7 men before and one hour after 10 mg temazepan at 171 and
3000m
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The table shows the results of blood gas analysis before and after temazepan. At 171m blood gas
concentrations did not change significantly after temazepan. At 3000m the arterial oxigen pressure
decreased and carbon dioxide pressure increased significantly after temazepan. The mean decrease in
arterial oxygen concentration between altitudes was 0,77 (95% Cl -8,02 to -3,69) KPa (P<0,01) and the
mean increase in arterial carbon dioxide concentration was 0,3 (0,46 to 4,11) KPa (P<0,05). Placebo did not
affect blood gas concentrations at either altitude.

Comentari > Es tracta d’un “Editor” i només mostra les dades pel tractament
actiu; sobre el tractament placebo comenta que no afecta a la resposta principal perd no
proporciona cap resultat estadistic. Les dades podrien ser analitzades com estudi del

canvi aprofitant la informacié Abans/Després.

| E‘ﬁcacy of 3 commonly used hearing aid circuits: a cross-over trial * ¢A"A) —|

N=360 patients with bilateral sensorineural hearing loss

Trial design 3-period 3-treatment (PC,CL and WDRC) cross-over design
Quality Rating Test: 52Q, 62Q, 74Q (Q = quiet)
52N, 62N, 74N (N= absolute S/B ratio of 10dB)

Main outcome measures:  results of test of speech recognition; sound quality, and subjective hearing aid benefi,
administered at baseline and after 3-month intervention with an without a hearing aid

Statistical analysis: mixed, repeated measures model was used to compare the 3 hearing aid circuits for
the individual outcome variables. If the overall test was statistically significant, then
pairwise comparisons were made between the groups usign the Bonferroni procedure
to adjust the o level for multiple tests. No adjustment was made for multiple outcome.

Table 1.- Loudness ratings (10-point scale) obtained in the aided and unaided conditions

AIDED
Condition dB Type of circuit No of subjects Mean (SD)
CL 335 4,14 (0,94)
52Q PC 333 4,15 (1,00)
WDRC 330 4,43 (0,99)
CL 335 3,92 (1,06)
52N PC 333 3,81 (1,08)
WDRC 328 4,21 (1,07)
CL 335 5,33 (0,90)
62Q PC 333 5,34 (0,90)
WDRC 330 5,41 (1,00)
cL 334 5,31 (1,19)
62N PC 333 5,20 (1,09)
WDRC 330 5,25 (1,31)
CL 335 7,96 (1,55)
74Q PC 333 8,31 (1,49)
WDRC 330 7,73 (1,59)
CL 335 7,57 (1,89)
74N PC 333 8,11 (1,69)
WDRC 330 7.26 (1,94)

Comentari >%*; S’ajusta un model d’efectes mixtos, presentant els resultats que

-s’observen a la taula anterior pels diferents grups per separat, mentre que per a les
-comparacions entre grups només figura una indicaci6 a peu de taula que indica si les

comparacions dos a dos o entre els tres circuits son significatives. Com no déna
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informacio de I’error estandard ni de I’interval de confianga de les comparacions intra-

individu (no es pot estimar o).

Com la informaci6 de la qué es disposa per efectuar els calculs és insuficient, s’ha
escrit a ’autor (Vernon D. Larson) que ha remeés la sol-licitud al bioestadistic de
Pestudi, David Williams i, en aquests moments, s’esta esperant resposta.

Il'opical butyrate for acute radiation proctitis: randomised, cross-over trial 7° ‘a9 J

N=20 patients presenting with ARP (acute radiation proctitis) after completing a cycle of 35-52 Gy extemal-beam
radiation therapy for pelvic malignant disease

n(butyrate/saline)=9 N(saline/butyrate)=9
Continuous outcome variables: bowel movements, night bowel movements

Statistical analysis: Student's test for paired data was used in comparison between groups for continuous
outcome variables (number of bowel movements)

Table: Advantage of butyrate over placebo in the treatment of ARP

Odds Ratio (95% CI)
Bowel movements -0,95 (-0,83 to -0,16)
Night bowel movements -0,35 (-0,57 to —0,50)

Results: All patients first treated with butyrate became symptom-free or improved greatly (clinical

score from 8,2 (SE 1,6) to 1,5 (SE 0,7)) within the first 3 weeks of treatment. In the
placebo group 3 patients had some improvement whereas three deteriorated slightly.
Thus, the overall score was unchanged (7,9 (SE 1,8) vs 8,2 (SE 3,4). The number fo
bowel movements decreased in the butyrate group from 3,7 (SE 0,6) to 1,7 (SE 0,2),
but remained unchanged in the placebo group (from 2,8 (SE 0,3) to 2,6 (0,2))

Comentari >"’; Hi ha un error en els “Odds Rati” calculats, tot i ser la resposta

“continua, donat que sOn negatius i, en principi, estan transformats a 1’escala original. El

disseny esta planificat com a “cross-over” i I’analisi efectuat és la comparacié de dades
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aparellades via t-test, perd no es presenten els resultats de forma adequada (s’haurien de
proporcionar resultats per a la variable diferéncia), deixant de banda 1’ambigiiitat de
Pexplicacio.

parison of pharmacokinetics and systemic effects of inhaled fluticasone propionate in patients wit
a and healthy volunteers: a randomised cross-over study " (4"

Participants: 11 patients with asthma and 13 matched healthy controls

Main outcome variable: area under the curve for plasma fluticasone proportionate concentrations

Statistical analysis: Pharmacokinetic data were log-normalised for group comparisons and are presented as
geometric means with 95%Cl. The lung-function variables followed as normal distribution
and ae presented as arithmetic mean (SD). We compared the results for asthma and cortisol
groups by two-tailed Student's test. One-way and multiple ANOVA was applied to identify
significant differences between the three different cortisol time points- screening, and
samplind days 1 and 2- and the plasma cortisol profiles on the kinetic sampling days.

We used bivariate correlation with Pearson's correlation coefficient for the systemic
availability and the area under the curve for fluticasone propionate after inhalation against
FEV(1), carbon monoxide transfer, and body-mass index.

Results: The phammacokinetics of fluticasone propionate differed significantly between the asthma and
control groups, seen in plasma area-under-curve values for inhaled fluticasone propionate
(1082 [850-1451] vs 2815 pg mL-1 h-1 [2262-3949], mean difference 0.38 [95% Cl 0.28-
0,55]; p<0.001 figure 2)...
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The area-under-curve and systemic availability values were positively correlated with
baseline transfer carbon monoxide (figure 3). Variability in systemic exposure within groups
was explained partly by carbon monoxide transfer, but not the difference between groups.

Comentari *?!; Només es proporciona la mitjana geometrica, la desviacié tipus i
Pinterval de confianga de la resposta principal sota el tractament actiu per a la diferéncia
entre grups independents (asmatics i controls) de manera que Unicament és estimable la
variancia entre-individus.

Ect of consumption of red wine, spirits, and beer on serum homocysteine “* *2=9

Measurement: Homocysteine concentration

Table.- Mean blood concentrations of homocysteine, folate, vitamins B6 and B12 after 3 weeks consumption of red
wine, beer, spirits and water.

Comentari ***; Es tracta d’una “Research Letter” en la que només figuren les
mitjanes de la “homocysteine concentration” pels diferents tractaments, pel qué resulta
mmpossible efectuar cap calcul referent a variancies sense disposar de les desviacions
tipus ni intervals de confianga.

I’I’nnscranial magnetic sitmulation and auditory hallucinations in schizophrenia "% "t :I

N= 12 right-handed patients with auditory hallucinations who met Diagnostic and Statistical Manual IV (DSM-IV)

diagnostic criteria for schizophrenia

Main outcome measure: Auditory hallucinations were assessed with an individualised, composite scale. A score
of ten corresponded to a narrative description of the patient's hallucinations at the time
of study entry, with zero corresponding to no hallucination.

- Statistical Analysis: Endpoint hallucination ratings were analysed by use of a repeated measure ANOVA
with two additional factors; order of stimulation (active or shan first), and concomitant

‘ treatment with anticonvulsant drugs.

Results: Reductions in hallucination seventy after active compared with sham stimulation were
significant (p<0.006), as was the interaction between change in hallucination severity
and anticonvulsant drugs (p<0.02) showing reduced treatment effects with these drugs.
No effect of order of stimulation was seen.

' Comentari **: Es tracta d’una “Research Letter” on només figuren la mitjana i la

‘desviacio tipus pels valors basals; per la comparaci6 entre tractaments només
I
|

proporciona els p-valors.

gFlansdennal testosterone treatment in women with impaired sexual function after oophorectomy ** ™ E“"j

i
f N=75 women who had undergone bilateral salpingo-oophorectomy and hysterectomy before natural menopause

‘ Primary end point: composite score on the Brief Index of Sexual Functioning for women, overall frequency
} index from the telephone-based diary
| Statistical analysis: repeated-measures analysis of variance with terms for period, sequence, and carry

over effects included in the model (for estimate the least-squares means corresponding
to each treatment); t-test based on analysis of variance (for pairwise comparisons of
values for each active dose with those for placebo (with baseline values substracted))

Td)le 3.- Mean (SD) scores on the Brief Index of sexual functioning for women, expressed as a percentages of the
‘mpean values in normal women* (N=65 women from intention-to-treat)

Dimension r Baseline Placebo

| Composite score] 52 (27) 72 (37)
150 (mu)g of testosterone | 300 (mu)g of testosterone

per day per day
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Composite scord 74 (37) 81 (37)

(") Values are expressed as percentages of the mean values in normal women with partners; which were as follows:
composite scores, 33.6

41

Comentari *!%; Es disposa de resultats pels efectes dels tractaments, perd no per a
P p p p

Ia difereéncia d’efectes; per tant, no seria eficient en quant a presentacio de resulats.
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3.3.- CALCULS

Tot seguit es mostra la fiabilitat (R) resultant per a cadascun dels articles que

han permes el seu calcul a partir dels procediments descrits als apartats 2.5 i 2.6.

3.3.1.- CALCULS DIRECTES

Els articles s’exposen en el mateix ordre que s’han mostrat en 1’apartat

d’informaci6, segons el métode d’analisi.

ANOVA

reference range: randomised double blind placebo controlled crossover trial *

hyroxine treatment in patients with symptoms of hypothyroidism but thyroud f)unctlon tests within th1

Outcome measure: THYROID STIMULATING HORMONE (BIOCHEMICAL MEASURE)

baseline variance

B-S variance from baseline
final response variance

B-S variance from final resp
Adjusted difference (95% CI):

-1,17 (1,76 to —0,59)

1,21
1,181399999
1,0285
0,999899999

Response of 19 healthy participants to
thyroxine

i ] t(0.05,20): 2,085962478
2;;%?2;‘: %;ii;;ﬁ'@?;fd‘l’;'m SD estimated from UCI: 0,237121073
SD estimated from LCI: 0,241209368
SD pooled: 0,239165221
variance of Difference var.: 0,057200003
W-S variance 0,028600001
Reliability (R) from baseline 0,976363635
Reliability (R) from final resp 0,972192512
baseline variance 0,81

B-S variance from baseline 0,771752915

final response variance 1,258

B-S variance from final resp
Adjusted difference (95% CI):
t(0.05,17):

SD estimated from UCL:

SD estimated from LCI:

SD pooled:

variance of Difference var.:
W-S variance

Reliability (R) from baseline
Reliability (R) from final resp

-1,17 (-1,80 to -0,53)

1,219752915

2,109818524
0,278753555
0,27439803
0,276575793
0,076494169
0,038247085
0,952781377
0,969596912
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ts of diet and simvastatin on serum lipids, insulin, and antioxidants in hypercholesterolemic men: a

omized controlled tria

| 149 (JAMA)

Measurement:

CHOLESTEROL, mg/dL

baseline variance

B-S variance from baseline
Simvastatin-Placebo (n=60):
t(0.05,59):

SD estimated from UCI:

SD estimated from LCI:

SD pooled:

Variance of Difference var.:
W-S variance

Reliability (R) from baseline

508,5
321,1868883
-53 (SE=2) (-58 to 48)
2,000997483
19,35526346
19,35526346
19,35526346
374,6262234
187,3131117
0,631635965

SE=SD pooled/sqrt(n)

SD pooled (diets)

Variance of Diff. (diets)

B-S variance from final resp
Reliabitity (R) from final resp

Mean (SE) 95% CI; Dietary treatment-habitual diet
-19 (3) [-26 to -12]

3
16,43167673
270
82,68688829
0,306247734

"Entninment of free-running circadian rhythms by melatonin in blind people

*338 (N Engl J Med)

Measurement: timing of the increase in endogenous melatonin production (was determined as a
marker of the circadian phase)

from Final Response

from Baseline

variance 0,023636364 0,04
B-S variance 0,016724083 0,033087719
Baseline-Placebo Baseline-Melatonin Placebo-Melatonin
0 0,2 0,2
0 0,3 0,3
0,1 0,4 0,3
* 05 »
0,1 0,4 0,3
0,1 0,6 0,5
0,1 0,6 0.5
: SD 0,051639778 0,149602648 0,122474487
; Var 0,002666667 0,022380952 0,015
‘ Pooled var 0,013824561
W-S variance 0,006912281
Reliability (R) 0,707557355 0,827192982

|
EPeneﬁcial effects of high dietary fiber intake in patients with type 2 diabetes mellitus "' (NEng!JMed)

|
i

Measurement:

final response variance
B-S variance from final resp
Difference between diets (95%Cl):
1(0.05,12):

SD estimated from UCI:
SD estimated from LCI:
SD pooled:

PLASMA TOTAL CHOLESTEROL
1025
816,588686
14 (2710 -2)
2,200986273
19,59958504
21,2328838
20,41623442

variance of Difference var.:
W-S variance
Reliability (R) from final resp
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t- TEST

re Hypertriglyceridemia with Insulin Resistence Is Associated with Systemic Inflamation: Reversal with
brate Therapy in a Randomized Controlied Trial > W™ Med)

Measurement: TNF-alfa production (pg/mL)

baseline variance 42250000
B-S variance from baseline 30334355,01
Treatment effect (95% CI) (n=13): -3600 (-6500 to -600)
1(0.05,12): 2,178812792
SD estimated from UCI: 4964,471415
SD estimated from LCI: 4798,989034
SD pooled: 4881,730225
Variance of Difference var.: 23831289,99
W-S variance 11915644,99
Reliability (R) from baseline 0,7179729

‘ ituting walnuts for monounsaturated fat im Proves the serum lipid profile of hypercholesterolemic
| and women: a randomised crossover trial 7 (A" Intem Med)

Measurement: CHANGES IN SERUM LEVELS OF TOTAL CHOLESTEROL
baseline variance 0,7225 final response variance 0,71705

B-S variance from baseline 0,612760716 B-S var. from final resp  0,607310716

Treatment effect (95% Cl): -0,28 (-0,43 to -0,12) Reliability (R) from final resp.  0,846957278
t(0.05/2,47): 2,315491656
SD estimated from UCI: 0,48359783
SD estimated from LCI: 0,453372965
SD pooled: 0,468485397
variance of Difference var.: 0,219478568
W-S variance 0,109739284
Reliability (R} from base. 0,848111718

Esovgzcgﬁlﬂ)eﬁects of sildenafil during exercise in men with known or probable coronary artery
i e

Measurement: SYSTOLIC BLOOD PRESSURE

baseline variance 380,25 Rest
B-S variance from baseline 131,6471802 final response variance 325
Treatment effect (95% Cl): 2,4 (-2,5 to 7,4) B-S var. from final resp 76,39718022
t(0.05/2,103): 2,274637154 Reliability (R) from final resp. 0,566594146

SD estimated from UCH: 22,52334185

SD estimated from LCI: 22,07287501

SD pooled: 22,29810843

variance of Difference var.: 497,2056396
W-S variance 248,6028198

Reliability (R) from baseline 0,346212177
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E¢ m eosinophilia and short-term response to prednisolone in chronic obstructive pulmonary disease: a
. ised controlled trial % ="

Measurement:. POSTBRONCHODILATOR FEV 1

basalffinal response variance 0,178475
B-S variance 0,147369025
Treatment effect (95% Cl) (n=59): 0,07 (0,01 to 0,14)
t(0.05,58): 2,001715984
SD estimated from UCI: 0,268609636
SD estimated from LCI: 0,230236831
SD pooled: 0,249423234
variance of Difference var.: 0,062211949
W-S variance 0,031105975
Reliability (R) 0,825712426
MODELITZACIO

[

f effect of two different dosages of lntravenous |mmuglobuI|n of the incidence of recurrent infections in
 Jpatients with primary hypogammaglobulinemia ™ {4 tsm Med)

Measurement: TOTAL IMMUNODEFICIENCY-RELATED INFECTIONS PER PATIENT

final response variance: 6,247804878

B-S variance from final resp 3,788653508
Difference (95% Cl) (n=41): 1,1 (0,410 1,8)
t(0.05,40): 2,021074579

SD estimated from UCI: 2,217724676

SD estimated from LCI: 2,217724676

SD pooled: 2,217724676

variance of Difference var.: 4,91830274

W-S variance 2,45915137

Reliability (R) from final resp 0,60639754

i Phcis of fexofenadine, diphenhydramine, and alcohol on driving performance ‘" 1A intem Med)

Measurement:. COHERENCE

final response variance 0,0002445
i B-S variance from final resp 0,000184583
variance of Difference var.: 0,000119833
W.S variance 5,99167E-05
Reliability (R) from final resp 0,754942059
F on blood pressure of reducted dietary sodium and the dietary approaches to stop hypertension
) dlet *334 (N Engl J Med)

Measurement: SYSTOLIC BLOOD PRESSURE

baseline variance 100
DASH-DIET (N=208) Control diet (N=204)
B-S variance from baseline 5477991657 53,93818243
B-S variance pooled from baseline 54,3590495
Treat. effect (95% GO HICH 13(261000) 21(3410-08)
i Treat. effect (95% Cl) INTERM-LOW: -1,7 (-3t0 -0,4) 4,6 (-591t0-3,2)
T(0.05,207/203): 1,971488928 1,971720849
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SD estimated from UCI (h_i):
SD estimated from UCI (i_l):
SD estimated from LCI (h_i):
SD estimated from LCI (i_l):

SD pooled:

Variance of Difference var.:

W-S variance
W-S variance pooled

DASH-DIET (N=208) Control diet (N=204)
9,610003515 9,417009474
9,5610003515 10,14139482
9,5610003515 9,417009474
9,5610003515 9,417009474
9,510003515 9,59810581
90,44016686 92,12363515
45,22008343 46,06181757
45,6409505
0,543590495

Reliability (R) from baseline

DASH-Control diets

1(0.05,410): 1,965768206
Mean (95% Cl) DASH-Control (high): 5,9 (-8t0-3,7)

' Mean (95% C1) DASH-Control (inter): -5 (-7.6 to -2,5)

' Mean (95% CI) DASH-Control (low): 2,2 (4,41t0-0,1)

SD pooled:

(DASH-Control)_Variance

B-S variance

Reliability (R) from diff.

sD_ucl
11,35765095
12,90642153
10,84139409

11,787865

138,9537612
93,31281069
0,671538574

3.3.2.- CALCULS A PARTIR D’INFORMACIO REBUDA

SD_LCI
10,84139409
13,42267839
11,35765095

hchanism of Cocaine hyperthemia in Humans ™° (A" Intem Mec)

Before heat stress variance:

At the end of heat stress variance:

B-S variance from baseline

B-S variance from final resp
Standard Error from Difference var:

St. Dev of Difference var.:

variance of Difference var.:

W-S variance

Reliability (R) from baseline

Reliability (R) from final resp

0,062613187
0,145442181
0,058456012
0,141285006
0,09118306
0,241247701
0,058200453
0,029100227
0,535238055
0,799918935
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3.4.- RESULTATS MES IMPORTANTS

Pels 21 articles amb resposta continua i analitzats segons la teoria de la
Normalitat, la matriu de variancies-covariancies a nivell tedric i pels dos tractaments és:

Perl_B Perl_F Per2_ B Per2_ F

Perl_B o?+o? c? c? a?
Perl _F o? cf +02 o2 o’
Per2_B o2 o2 o2 +0’£ cf
Per2_F c? o2 o o2 +cl

Ja s’ha vist que la variancia de Y., és 262. Si el model complert per a la

resposta observada, yij, ajustant pel valor de la covariable, x;j, vindria modelat per:
Yijk= 1O Xttt HogpjrHAdri -1 ik

aleshores, la resposta analitzada (“cross-over differences”, procedint d’igual forma amb
les “period differences) via andlisi de la covariancia sera:

y ' ={YAB1k =Y aB2k =(°‘A ‘“B)"’("‘l ‘7‘2)+(¢XABH< —¢XAsz)+(5Amk _aABZk)
cross-over diffrences YBA2k ~YBAIK T (OLA —0‘3)"'(7‘2 —m )+(¢XBA2k _¢xBA1k)+(£BA2k _aBAlk)

1, per tant, la variancia d’aquestes variables sera:
Var(Ye_o) = 202(1+62)

Notar que per ¢=1, si la covariable és la “baseline” es correspon amb la
'variancia de la resposta quan s’estudia el canvi respecte dels valors inicials, obtenint
40’

D’aquests 21, un 42,86% presentarien eficiéncia "nul'la" en quant a presentacié
‘de resultats per no proporcionar la informacié referent a la diferéncia d'efectes i, per
‘tant, no beneficiar-se del disseny aparellat.

De la resta d'articles, els parametres que s’han calculat es separen segons la
procedéncia dels calculs de la variancia "between": resposta final (F) i/o "baseline" (B);
o a partir de la diferéncia de dos grups d'estudi independents: "Habitual Diet" i "Dietary
Treatment" de l'article (149) de JAMA i "Control Diet" i "Dash diet" de l'article (334) de
N Engl J Med.

i
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A la taula segiient es mostren els resultats:

Codi |Num.|. .. |Metode 5 2 - -
MEDLINE |Article| R€VISta | cacyr | N o’ . R m’ | Efficiency
B 1,181
° | 2 et 0,029 0,976 | 0,012 | 42,308
205 - i . 0,972 | 0,014 | 35962
0,772
0 0,038 0953 | 0,024 | 21,178
F 1,220 0,970 | 0,015 | 32,891
B
% 2 | Aunats i} 0,058 0,029 0,668 | 0,166 | 3,009
F 0.141 0,829 | 0,085 | 5855
240 3 Annals F 41 3,789 2,459 0,606 | 0,197 2,541
497 4 |Ammas | B | a0 0613 0,110 0848 | 0076 | 6,584
F 0,607 0.847 | 0077 | 6534
511 5 Annals F 40 0,00018 0,00006 0,755 | 0,123 4,081
363 6 |LANCET| B | 59 0,147 0,031 0,826 | 0,087 | 5738
B 47
144 7 | samA 105 | 1318 248,603 | 0346 | 0327 | 1,530
F 76,397 0,567 | 0217 | 2307
B
149 8 | JAmA g0 | 321187 187,313 | 0632 | 0,184 | 2,715
D 82,687 0,306 | 0347 | 1441
131 9 |amumeD| F | 13 [30334355,010[11915644,990] 0718 | 0141 | 3,546
334 | 10 | Nem | B |a2| 54%° 45641 | 0544 | 0228 | 2,191
D 93,313 0672 | 0,164 | 3,044
e | 1 | nem | B | - 0,033 0,007 0,827 | 0,086 | 5787
F 0,017 0,708 | 0,146 | 3419
481 12 | NEMM | F | 13 | 816,589 208411 | 0797 | 0.102 | 4918
Métode de Calcul:

B: variancia entre-individus calculada a partir resposta basal

F: variancia entre-individus calculada a partir resposta final

D: variancia entre-individus calculada a partir diferéncia de grups independents (paral-lel)
Fiabilitat (R): proporci6 de variancia deguda a la variabilitat entre-individus

Raé de Mostres (rn): quociente entre la grandaria mostral del disseny "cross-over" i la
del disseny de grups paral-lels

Eficiéncia: quocient entre el cost del disseny paral-lel i del "cross-over”, assumint unitari
el cost del periode

! Els valors elevats de I’eficiéncia son indicadors de qué el disseny amb intercanvi
'del tractament és molt adequat per al tipus de dades analitzades ja que el cost del
‘ disseny si hagués estat planificat com a parallel es dispararia per obtenir la mateixa
émecisié en les estimacions. Destacariem, entre els articles estudiats, el (206) de BMJ,
del qual cal destacar que les estimacions puntuals (i per aixd la divergencia) de la
‘ variancia entre- segons el seu métode de calcul es poden considerar similars, no violant
r la premissa efectuada al model d’efectes fixos del tractament (el tractament afecta a la

mitjana perd no a la variancia de la resposta).

D’altra banda, els valors propers a la unitat posen de manifest que els riscs del
“cross-over” (pérdua de pacients, “carry-over”, etc.) no compensen el guany en quant a
cost del “cross-over” respecte del disseny de grups paral-lels i, per tant, caldria sospesar

<
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l els avantatges i inconvenients d’ambd6s dissenys. Aquest cas es pot aplicar als articles
’ de la revista médica JAMA: (144), quan la varidncia entre-individus es calcula a partir
de la variancia de la resposta basal, i al (149), quan aquesta es calcula a partir de la

| ey . . . . .
~ variancia de la diferéncia entre dietes.

La resta de valors de I’eficiéncia relativa intermitjos, no tan extrems, mostren la
- conveniéncia d’utilitzar el disseny amb intercanvi del tractament havent de duplicar,

triplicar,... el cost en cas de fer servir el disseny de grups paral-lels.

Si ens fixem en les variancies de la resposta final i basal per I’article (144) de

JAMA, s’observa que la variancia de la resposta basal €s bastant superior a la variancia

de la resposta final i fa pensar en que potser caldria aplicar alguna transformacio
~ (logaritmica) a les dades que permeti modelar aquesta reduccié de la variancia amb un
 efecte proporcional.

D’altra banda, la discrepancia entre les variancies entre- observada en I’article
 (30) de I’Ann Interm Med segons s’estimin a partir de la variancia de la resposta final o
- basal es pot atribuir a que la premissa efectuada sobre el tractament, que és un efecte fix
no es compleix: per tant, existeix una interaccié pacient-tractament que aconsellaria

- incloure I’efecte tractament com aleatori..

Pels articles (149) de JAMA i (334) de N Engl J Med, les estimacions de la
- variancia entre-individus es calculen a partir del valor de la variancia de la mesura basal
-~ ide la diferéncia entre dietes en ambdos casos:

» La nostra interpretacié per I’article (149) és que la diferéncia entre dietes es
realitza a nivell entre-individual (disseny paral-lel), perd recordem que té en
compte I’ajust dels valors basals com a covariable, resultant la variancia intra-

superior a la entre-.

Per tant, en aquest cas, no hi ha benefici en la planificacié del “cross-
over” quan s’ajusta per la covariable, perqu¢ augmenta la variancia com s’ha
vist a I’inici d’aquest apartat.

= Per al’article (334) de N Engl J Med, en canvi, no és tanta la disparitat entre els

valors obtinguts per a les variancies calculades a partir de la variabilitat de la

resposta basal i de la diferéncia entre dietes.
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Ara, el resultat és pitjor per a la comparacié mitjangant el modelatge
estadistic que simplement el “cross-over” sense ajustar. L’explicacié podria
trobar-se en que s’ajusten les dades incloent-hi termes que podrien estar
correlacionats (efectes principals i interaccions entre ells) i, aix0 implica
colinealitat que augmentaria la variancia de les estimacions, amb intervals de

confianga més amplis.

A continuacid, es mostren les Figures 2, 3 referents a 1’eficiéncia del “cross-
over” respecte el paral-lel separades per revista i tipus de resposta a partir de la qual es
- calcula la variancia “between”, respectivament. La utilitat de la Figura 4 (que es mostra
seguidament) és poder observar les discrepancies o similituds entre valors de fiabilitat
basats en 1’estimacié de la variancia “between” a partir de la variancia dels diferents
tipus de resposta esmentats: Basal (B), Final (F) i Diferéncia entre grups
independents(D).

Eficiencia relativa vs Revista

Revista

NEJM

LANCET

JAMA

BMJ

Annals

T I T
AMJMED

T I I
1 11 21
Eficiéncia relativa

Figura 2
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Eficiencia relativa vs Resposta
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Finalment, es pot concloure que en els casos en qué es compleixen les premisses
de I’efecte fix del tractament sobre la variable de resposta, les estimacions de la
~ variancia entre-individus a partir de la variabilitat de la respota basal o final i, per tant,
~la resta de parametres basats en aquestes estimacions sén estables. Perd, en canvi,
- aquest resulat no es dona si el model ajustat considera fix I’efecte directe del tractament
quan és aleatori, inclou al model efectes correlacionats o la mesura basal com a

covariable.
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4.- CONCLUSIONS

L’eficiéncia relativa, del “cross-over” respecte del disseny de grups paral-lels
obtinguda als 21 articles que compleixen el criteri d’inclusid, podriem separar-la en dos
grups ben diferenciats:

» Un 42.86% (9 de 21) dels articles presenten eficiéncia nul-la pel que fa a la
presentacio dels resultats, per no proporcionar la informaci6 sobre la diferéncia
d’efectes dels tractaments bé via mitjana i desviacio tipus o bé intervals de
confianga a partir dels quals es deriva I’estimacio de les variancies entre i intra-

individus (tot i que la CONSORT obliga a reportar els intervals de confianga).
» Del 57.14% (12 de 21) restant:

o Un 8.3% (1 de 12) presenten valors de ’eficiéncia relativa compresos
entre 21 i 43; que implica una reduccid substancial del cost del disseny
amb intercanvi del tractament respecte del disseny de grups paral-lels
(aquesta relacié d’equivaléncia €s també aplicable a la variancia dels
estimadors).

o D’un 58,3% (7 de 12), s’obtenen valors de 1’eficiéncia relativa entre 3 1 7
que no implica un guany tan important com en el descrit anteriorment
perd suposaria augmentar d’entre tres i set vegades el cost del disseny
paral-lel respecte del del “cross-over”, perqué els estimadors fossin

gairebé iguals en quant a precisio.

o El 33.3% restant (4 de 12) presenten valors de I’eficiéncia més petits que
3 havent de duplicar o triplicar el cost del disseny “cross-over” per
obtenir la mateixa eficiéncia en les estimacions si es planifica un disseny

de grups paral-lels.

Si s’obtinguessin valors de I’eficiéncia propers a la unitat no hi hauria cap

“benefici addicional en planificar un disseny o I’altre, 1’eleccié del tipus de disseny

~podria dependre de factors com: I’economic (en contra del disseny de grups paral-lels

degut a la major grandaria de mostra requerida), la disponibilitat dels individus i el
problema de les pérdues (inconvenient més accentuat pel “cross-over”), la dificultat
d’analisi del disseny, els efectes addicionals (periode, efecte arrossegat,...) del disseny

amb intercanvi de tractaments, el tipus de malaltia que s’estudia.

48



5.- BIBLIOGRAFIA

(1) Senn, Stephen (1993). A simple analysis ignoring the effect fo period, Cross-
over Trials in Clinical Research, 3.2 33-37.

(2) Senn, Stephen (1993). Adjusting for a period effect: two-sample t approach,
Cross-over Trials in Clinical Research, 3.5 41-42.

(3) Senn, Stephen (1993). Computer analysis, Cross-over Trials in Clinical
Research, 3.16 60-68.

(4) Fleiss, J. L. (1986). Reliability of measurement, The design and analysis of
clinical experiments, 1 1-32.

(5) Fleiss, J. L. (1986). The cross-over study, The design and analysis of clinical
experiments, 10 263-90.

(6) Jones, Byron; Kenward, Michael G. (1989) The 2x2 cross-over trial with
continuous data, Design and analysis of cross-over trials (Monographs on
statistics and applied probability), 2 16-88.

(7) Machin, David; Campbell, Michael; Fayers, Peter; Pinol, Alan. (second edition,
1987). Sample size tables for clinical studies.

(8) Prat Bartés, Albert; Tort-Martorell Llabrés, Xavier; Grima Cintas, Pere; Pozueta
Fernandez, Lourdes. (1997) Comparacion de dos tratamientos, Métodos
estadisticos. Control y mejora de la calidad, 5 85-104.

(9) Prat Bartés, Albert; Tort-Martorell Llabrés, Xavier; Grima Cintas, Pere; Pozueta
Fernandez, Lourdes. (1997) Comparacion de mas de dos tratamientos: analisis
de la varianza, Métodos estadisticos. Control y mejora de la calidad, 6 105-126.

(10) Apunts “Disefios EC con intercambio” de Bioestadistica, Erik Cobo, EIO,

FME, UPC.
(11) Apunts “Disefios EC especificos” de Bioestadistica, Erik Cobo, EIO, FME,
UPC.

49



6.- ANNEX

6.1.- Llista d’articles de les revistes citades.

THE AMERICAN JOURNAL OF MEDICINE (Am J Med)

131. Jonkers 1J. Mohrschladt MF. Westendorp RG. van der Laarse A. Smelt AH. Severe hypertriglyceridemia with insulin
resistance is associated with systemic inflammation: reversal with bezafibrate therapy in a randomized controlled trial. [Clinical
Trial. Journal Article. Randomized Controlled Trial] American Journal of Medicine. 112(4):275-80, 2002 Mar.
UI: 11893366

212. Spertus JA. Jones PG. Coen M. Garg M. Bliven B. O'Keefe J. March RJ. Horvath K. Transmyocardial CO(2) laser
revascularization improves symptoms, function, and quality of life: 12-month results from a randomized controlled trial.[comment].
[Clinical Trial. Journal Article. Multicenter Study. Randomized Controlled Trial] American Journal of Medicine. 111(5):341-8,
2001 Oct 1.
UI: 11583635

377. Ceresini G. Freddi M. Morganti S. Rebecchi 1. Modena AB. Rinaldi M. Manca C. Amaducci A. Del Rio G. Valenti G. The
effects of transdermal estradiol on the response to mental stress in postmenopausal women: a randomized trial. [Clinical Trial.
Journal Article. Randomized Controlled Trial] American Journal of Medicine. 109(6):463-8, 2000 Oct 15.
UI: 11042235

409. Lipworth BJ. Dempsey OJ. Aziz 1. Wilson AM. Effects of adding a leukotriene antagonist or a long-acting beta(2)-agonist in
asthmatic patients with the glycine-16 beta(2)-adrenoceptor genotype. [Clinical Trial. Journal Article. Randomized Controlled Trial]
American Journal of Medicine. 109(2):114-21, 2000 Aug 1.
UI: 10967152

ANNALS OF INTERNAL MEDICINE (Ann Intern Med)

30. Crandall CG. Vongpatanasin W. Victor RG. Mechanism of cocaine-induced hyperthermia in humans.[comment][summary for
patients in Ann Intern Med. 2002 Jun 4;136(11):120; PMID: 12044141]. [Clinical Trial. Journal Article. Randomized Controlled
Trial] Annals of Internal Medicine. Online. 136(11):785-91, 2002 Jun 4.

UL 12044126

93. Crandall CG. Vongpatanasin W. Victor RG. Mechanism of cocaine-induced hyperthermia in humans.[summary for patients in
Ann Intern Med. 2002 Jun 4;136(11):120; PMID: 12044141]. [Clinical Trial. Journal Article. Randomized Controlled Trial] Annals
of Internal Medicine. 136(11):785-91, 2002 Jun 4.

UL 12044126

119. Anonymous. Summary for patients. Splitting the evening insulin dose to avoid low blood sugar levels and to improve sugar
control in patients with type 1 diabetes.[original report in Ann Intern Med. 2002 Apr 2;136(7):504-14; PMID: 11926785]. [Clinical
Trial. Patient Education Handout. Randomized Controlled Trial] Annals of Internal Medicine. 136(7):129, 2002 Apr 2.

UlL: 11926807

120. Fanelli CG. Pampanelli S. Porcellati F. Rossetti P. Brunetti P. Bolli GB. Administration of neutral protamine Hagedorn
insulin at bedtime versus with dinner in type 1 diabetes mellitus to avoid nocturnal hypoglycemia and improve control. A
randomized, controlled trial.[comment][summary for patients in Ann Intem Med. 2002 Apr 2;136(7):129; PMID: 11926807].
[Clinical Trial. Journal Article. Randomized Controlled Trial] Annals of Internal Medicine. 136(7):504-14, 2002 Apr 2.

Ul: 11926785

240. Eijkhout HW. van Der Meer JW. Kallenberg CG. Weening RS. van Dissel JT. Sanders LA. Strengers PF. Nienhuis H.
Schellekens PT. Inter-University Working Party for the Study of Immune Deficiencies. The effect of two different dosages of
intravenous immunoglobulin on the incidence of recurrent infections in patients with primary hypogammaglobulinemia. A
randomized, double-blind, multicenter crossover trial. [Clinical Trial. Journal Article. Randomized Controlled Trial] Annals of
Internal Medicine. 135(3):165-74, 2001 Aug 7.

UL 11487483

268. Fuentes F. Lopez-Miranda J. Sanchez E. Sanchez F. Paez J. Paz-Rojas E. Marin C. Gomez P. Jimenez-Pereperez J. Ordovas
JM. Perez-Jimenez F. Mediterranean and low-fat diets improve endothelial function in hypercholesterolemic men. [Clinical Trial.
Journal Article. Randomized Controlled Trial] Annals of Internal Medicine. 134(12):1115-9, 2001 Jun 19.

Ul: 11412051

319. Cefalu WT. Skyler JS. Kourides IA. Landschulz WH. Balagtas CC. Cheng S. Gelfand RA. Inhaled Insulin Study Group.
Inhaled human insulin treatment in patients with type 2 diabetes mellitus.[comment]. [Clinical Trial. Clinical Trial, Phase 1I. Journal
Article. Randomized Controlled Trial] Annals of Internal Medicine. 134(3):203-7, 2001 Feb 6.

Ul: 11177333

447. Swan SK. Rudy DW. Lasseter KC. Ryan CF. Buechel KL. Lambrecht LJ. Pinto MB. Dilzer SC. Obrda O. Sundblad KJ.

Gumbs CP. Ebel DL. Quan H. Larson PJ. Schwartz JI. Musliner TA. Gertz BJ. Brater DC. Yao SL. Effect of cyclooxygenase-2

50



inhibition on renal function in elderly persons receiving a low-salt diet. A randomized, controlled trial.[comment]. [Clinical Trial.
Journal Article. Randomized Controlled Trial] Annals of Internal Medicine. 133(1):1-9, 2000 Jul 4.
Ul: 10877734

497. Zambon D. Sabate J. Munoz S. Campero B. Casals E. Merlos M. Laguna JC. Ros E. Substituting walnuts for
monounsaturated fat improves the serum lipid profile of hypercholesterolemic men and women. A randomized crossover
trial.[erratum appears in Ann Intern Med 2000 Oct 17;133(8):659]. [Clinical Trial. Journal Article. Randomized Controlled Trial]
Annals of Internal Medicine. 132(7):538-46, 2000 Apr 4.
UL: 10744590
511. Weiler JM. Bloomfield JR. Woodworth GG. Grant AR. Layton TA. Brown TL. McKenzie DR. Baker TW. Watson GS. Effects
of fexofenadine, diphenhydramine, and alcohol on driving performance. A randomized, placebo-controlled trial in the lowa driving
simulator.[comment]. [Clinical Trial. Journal Article. Randomized Controlled Trial] Annals of Internal Medicine. 132(5).354-63,
2000 Mar 7.
Ul: 10691585

THE BRITISH MEDICAL JOURNAL (BMJ)

5. Niederhofer H. Staffen W. Mair A. Galantamine may be effective in treating autistic disorder.[comment]. [Clinical Trial.
Comment. Letter. Randomized Controlled Trial] BMJ. 325(7377):1422, 2002 Dec 14.
Ul: 12480867

39. Lenhardt R. Seybold T. Kimberger O. Stoiser B. Sessler D1. Local warming and insertion of peripheral venous cannulas:
smgle blinded prospective randomised controlled trial and single blinded randomised crossover trial.[comment]. [Clinical Trial.
Journal Article. Randomized Controlled Trial] BMJ. 325(7361):409, 2002 Aug 24.
Ul: 12193353

63. Lenhardt R. Seybold T. Kimberger O. Stoiser B. Sessler DI. Local warming and insertion of peripheral venous cannulas:
single blinded prospective randomised controlled trial and single blinded randomised crossover trial. [Clinical Trial. Journal Article.
Randomized Controlled Trial] British Medical Journal. 325(7361):409, 2002 Aug 24.
Ul: 12193353

196. Sahota P. Rudolf MC. Dixey R. Hill AJ. Barth JH. Cade J. Randomised controlled trial of primary school based intervention
to reduce risk factors for obesity.[comment]. [Clinical Trial. Journal Article. Multicenter Study. Randomized Controlled Trial] BMJ.
323(7320):1029-32, 2001 Nov 3.
UL: 11691759

197. Sahota P. Rudolf MC. Dixey R. Hill AJ. Barth JH. Cade J. Evaluation of implementation and effect of primary school based
intervention to reduce risk factors for obesity.[comment]. [Clinical Trial. Journal Article. Multicenter Study. Randomized
Controlled Trial] BMJ. 323(7320):1027-9, 2001 Nov 3.
Ul: 11691758

206. Pollock MA. Sturrock A. Marshall K. Davidson KM. Kelly CJ. McMahon AD. McLaren EH. Thyroxine treatment in
patients with symptoms of hypothyroidism but thyroid function tests within the reference range: randomised double blind placebo
controlled crossover trial. [Clinical Trial. Journal Article. Randomized Controlled Trial] BMJ. 323(7318):891-5, 2001 Oct 20.
Ul: 11668132

282. Allan L. Hays H. Jensen NH. de Waroux BL. Bolt M. Donald R. Kalso E. Randomised crossover trial of transdermal
fentanyl and sustained release oral morphine for treating chronic non-cancer pain.[comment]. [Clinical Trial. Journal Article.
Multicenter Study. Randomized Controlled Trial] BMJ. 322(7295):1154-8, 2001 May 12.
Ul: 11348910

336. Schrader H. Stovner LJ. Helde G. Sand T. Bovim G. Prophylactic treatment of migraine with angiotensin converting enzyme
inhibitor (lisinopril): randomised, placebo controlled, crossover study. [Clinical Trial. Journal Article. Randomized Controlled Trial]
BMJ. 322(7277):19-22, 2001 Jan 6.
Ul: 11141144

408. Stone S. Kibbler C. How A. Balstrini A. Feedback is necessary in strategies to reduce hospital acquired infection.[comment].
[Comment. Letter] BMJ. 321(7256):302-3, 2000 Jul 29.
UL: 10979704

442, Emery J. Walton R. Murphy M. Austoker J. Yudkin P. Chapman C. Coulson A. Glasspool D. Fox J. Computer support for
interpreting family histories of breast and ovarian cancer in primary care: comparative study with simulated cases.[comment].
[Joumal Article] BMJ. 321(7252):28-32, 2000 Jul 1.
UL 10875832

532. Rloggla G. Moser B. RJoggla M. Effect of temazepam on ventilatory response at moderate altitude. [Clinical Trial. Letter.
Randomized Controlled Trial] BMJ. 320(7226):56, 2000 Jan 1.
UI: 10617541

51



THE JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION (JAMA)

13. Detmar SB. Muller MJ. Schomagel JH. Wever LD. Aaronson NK. Health-related quality-of-life assessments and patient-
physician communication: a randomized controlled trial. [Clinical Trial. Journal Article. Randomized Controlled Trial] JAMA.
288(23):3027-34, 2002 Dec 18.

Ul: 12479768

16. Parienti JJ. Thibon P. Heller R. Le Roux Y. von Theobald P. Bensadoun H. Bouvet A. Lemarchand F. Le Coutour X.
Bensadoun H. Antisepsie Chirurgicale des mains Study Group. Hand-rubbing with an aqueous alcoholic solution vs traditional
surgical hand-scrubbing and 30-day surgical site infection rates:

a randomized equivalence study.[comment][erratum appears in JAMA 2002 Dec 4;288(21):2689 Note: Bensadoun Herve [corrected
to Bensadoun Henri]]. [Clinical Trial. Journal Article. Randomized Controlled Trial] JAMA. 288(6):722-7, 2002 Aug 14.
UL 12169076

70. Parienti JJ. Thibon P. Heller R. Le Roux Y. von Theobald P. Bensadoun H. Bouvet A. Lemarchand F. Le Coutour X.
Antisepsie Chirurgicale des mains Study Group. Hand-rubbing with an aqueous alcoholic solution vs traditional surgical hand-
scrubbing and 30-day surgical site infection rates: a randomized equivalence study. [Clinical Trial. Journal Article. Randomized
Controlled Trial] JAMA. 288(6):722-7, 2002 Aug 14.

Ul: 12169076

144, Arruda-Olson AM. Mahoney DW. Nehra A. Leckel M. Pellikka PA. Cardiovascular effects of sildenafil during exercise in
men with known or probable coronary artery disease: a randomized crossover trial.[comment]. [Clinical Trial. Journal Article.
Randomized Controlled Trial] JAMA. 287(6):719-25, 2002 Feb 13.

Ul: 11851538

149. Jula A. Mamiemi J. Huupponen R. Virtanen A. Rastas M. Ronnemaa T. Effects of diet and simvastatin on serum lipids,
insulin, and antioxidants in hypercholesterolemic men: a randomized controlled trial. [Clinical Trial. Journal Article. Randomized
Controlled Trial] JAMA. 287(5):598-605, 2002 Feb 6.

Ul: 11829698

279. O'Shea JC. Hafley GE. Greenberg S. Hasselblad V. Lorenz TJ. Kitt MM. Strony J. Tcheng JE. ESPRIT Investigators
(Enhanced Suppression of the Platelet ITb/IIla Receptor with Integrilin Therapy trial). Platelet glycoprotein 11b/I11a integrin blockade
with eptifibatide in coronary stent intervention: the ESPRIT trial: a randomized controlled trial. [Clinical Trial. Journal Article.
Multicenter Study. Randomized Controlled Trial] JAMA. 285(19):2468-73, 2001 May 16.

Ul: 11368699

355. Denke MA. Adams-Huet B. Nguyen AT. Individual cholesterol variation in response to a margarine- or- butter-based diet: A
study in families. [Journal Article] JAMA. 284(21):2740-7, 2000 Dec 6.

Ul: 11105179

384. Larson VD. Williams DW. Henderson WG. Luethke LE. Beck LB. Noffsinger D. Wilson RH. Dobie RA. Haskell GB. Bratt
GW. Shanks JE. Stelmachowicz P. Studebaker GA. Boysen AE. Donahue A. Canalis R. Fausti SA. Rappaport BZ. Efficacy of 3
commonly used hearing aid circuits: A crossover trial. NIDCD/VA Hearing Aid Clinical Trial Group. [Clinical Trial. Controlled
Clinical Trial. Journal Article. Multicenter Study] JAMA. 284(14):1806-13, 2000 Oct 11.

Ul: 11025833

503. Collacott EA. Zimmerman JT. White DW. Rindone JP. Bipolar permanent magnets for the treatment of chronic low back
pain: a pilot study.[comment]. [Clinical Trial. Journal Article. Randomized Controlled Trial] JAMA. 283(10):1322-5, 2000 Mar 8.
UL: 10714732

THE LANCET (LANCET)

341. The ESPRIT Investigators. Enhanced Suppression of the Platelet 11b/Illa Receptor with Integrilin Therapy. Novel dosing
regimen of eptifibatide in planned coronary stent implantation (ESPRIT): a randomised, placebo-controlled trial {[comment][erratum
appears in Lancet 2001 Apr 28;357(9265):1370]. [Clinical Trial. Journal Article. Multicenter Study. Randomized Controlled Trial]
Lancet. 356(9247):2037-44, 2000 Dec 16.
UL 11145489

363. Brightling CE. Monteiro W, Ward R. Parker D. Morgan MD. Wardlaw AJ. Pavord 1D. Sputum eosinophilia and short-term
response to prednisolone in chronic obstructive pulmonary disease: a randomised controlled trial.[comment]. [Clinical Trial. Journal
Article. Randomized Controlled Trial] Lancet. 356(9240):1480-5, 2000 Oct 28.
Ul: 11081531

370. Vernia P. Fracasso PL. Casale V. Villotti G. Marcheggiano A. Stigliano V. Pinnaro P. Bagnardi V. Caprilli R. Topical
butyrate for acute radiation proctitis: randomised, crossover trial. [comment]. [Clinical Trial. Journal Article. Randomized
Controlled Trial] Lancet. 356(9237):1232-5, 2000 Oct 7.
UL: 11072942

413. Cromheecke ME. Levi M. Colly LP. de Mol BJ. Prins MH. Hutten BA. Mak R. Keyzers KC. Buller HR. Oral
anticoagulation self-management and management by a specialist anticoagulation clinic: a randomised cross-over
comparison.[comment]. [Clinical Trial. Journal Article. Randomized Controlled Trial] Lancet. 356(9224):97-102, 2000 Jul 8.
UL 10963245

52



421. Brutsche MH. Brutsche IC. Munawar M. Langley SJ. Masterson CM. Daley-Yates PT. Brown R. Custovic A. Woodcock A.
Comparison of pharmacokinetics and systemic effects of inhaled fluticasone propionate in patients with asthma and healthy
wolunteers: a randomised crossover study.[comment]. [Clinical Trial. Journal Article. Randomized Controlled Trial] Lancet.
356(9229):556-61, 2000 Aug 12.
UI: 10950233
421. Brutsche MH. Brutsche 1C. Munawar M. Langley SJ. Masterson CM. Daley-Yates PT. Brown R. Custovic A. Woodcock A.
Comparison of pharmacokinetics and systemic effects of inhaled fluticasone propionate in patients with asthma and healthy
volunteers: a randomised crossover study.[comment]. [Clinical Trial. Journal Article. Randomized Controlled Trial] Lancet.
356(9229):556-61, 2000 Aug 12.
UI: 10950233

480. van der Gaag MS. Ubbink JB. Sillanaukee P. Nikkari S. Hendriks HF. Effect of consumption of red wine, spirits, and beer
on serum homocysteine.[comment]. [Clinical Trial. Letter. Randomized Controlled Trial] Lancet. 355(9214):1522, 2000 Apr 29.
UL: 10801179

493. Hoffman RE. Boutros NN. Hu S. Berman RM. Krystal JH. Chamey DS. Transcranial magnetic stimulation and auditory
hadlucinations in schizophrenia. [Clinical Trial. Letter. Randomized Controlled Trial] Lancet. 355(9209):1073-5, 2000 Mar 25.
UL 10744097

THE NEW ENGLAND JOURNAL OF MEDICINE (N Engl J Med)

6. Gottlieb SS. Fisher ML. Cardiac resynchronization therapy for heart failure.[comment]. [Comment. Letter] New England

; Joumal of Medicine. Online. 347(22):1803-4; author reply 1803-4, 2002 Nov 28,

UI: 12462232

20. Wyse DG. Waldo AL. DiMarco JP. Domanski MJ. Rosenberg Y. Schron EB. Kellen JC. Greene HL. Mickel MC. Dalquist

- JE. Corley SD. The Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM) Investigators. A comparison of
. mate control and rhythm control in patients with atrial fibrillation.[comment]. [Clinical Trial. Journal Article. Multicenter Study.
. Randomized Controlled Trial] New England Journal of Medicine. Online. 347(23):1825-33, 2002 Dec 5.

- UL 12466506

189. Anonymous. The safety of inactivated influenza vaccine in adults and children with asthma.[comment]. [Clinical Trial.

~ Journal Article. Multicenter Study. Randomized Controlled Trial) New England Journal of Medicine. 345(21):1529-36, 2001 Nov
n
- UL: 11794219

220. The Deep-Brain Stimulation for Parkinson's Disease Study Group. Deep-brain stimulation of the subthalamic nucleus or the
pars interna of the globus pallidus in Parkinson's discase.[comment]. [Clinical Trial. Journal Article. Multicenter Study.

" Randomized Controlled Trial] New England Journal of Medicine. 345(13):956-63, 2001 Sep 27.
" UI: 11575287

309. Cazeau S. Leclercq C. Lavergne T. Walker S. Varma C. Linde C. Garrigue S. Kappenberger L. Haywood GA. Santini M.
Bailleul C. Daubert JC. Multisite Stimulation in Cardiomyopathies (MUSTIC) Study Investigators. Effects of multisite biventricular

. pacing in patients with heart failure and intraventricular conduction delay.[comment]. [Clinical Trial. Journal Article. Multicenter
~ Study. Randomized Controlled Trial] New England Journal of Medicine. 344(12):873-80, 2001 Mar 22.
1 UI: 11259720

334. Sacks FM. Svetkey LP. Vollmer WM. Appel LJ. Bray GA. Harsha D. Obarzanek E. Conlin PR. Miller ER 3rd. Simons-
Morton DG. Karanja N. Lin PH. DASH-Sodium Collaborative Research Group. Effects on blood pressure of reduced dietary
sodium and the Dietary Approaches to Stop Hypertension (DASH) diet. DASH-Sodium Collaborative Research Group.[comment].
[Clinical Trial. Journal Article. Multicenter Study. Randomized Controlled Trial] New England Journal of Medicine. 344(1):3-10,
2001 Jan 4.

UI: 11136953

356. Rai KR. Peterson BL. Appelbaum FR. Kolitz J. Elias L. Shepherd L. Hines J. Threatte GA. Larson RA. Cheson BD. Schiffer

' CA. Fludarabine compared with chlorambucil as primary therapy for chronic lymphocytic leukemia.[comment]. [Clinical Trial.
" Journal Article. Multicenter Study. Randomized Controlled Trial] New England Journal of Medicine. 343(24):1750-7, 2000 Dec 14.

UI: 11114313

388. Sack RL. Brandes RW. Kendall AR. Lewy AJ. Entrainment of free-running circadian rhythms by melatonin in blind
people.[comment]. [Clinical Trial. Controlled Clinical Trial. Journal Article] New England Journal of Medicine. 343(15):1070-7,
2000 Oct 12.

: UL: 11027741

414. Shifren JL. Braunstein GD. Simon JA. Casson PR, Buster JE. Redmond GP. Burki RE. Ginsburg ES. Rosen RC. Leiblum

- SR. Caramelli KE. Mazer NA. Transdermal testosterone treatment in women with impaired sexual function after
: eophorectomy.[comment]. [Clinical Trial. Journal Article. Multicenter Study. Randomized Controlled Trial] New England Journal

: of Medicine. 343(10):682-8, 2000 Sep 7.
Ul: 10974131

53



422. van Hilten BJ. van de Beek WJ. Hoff JI. Voormolen JH. Delhaas EM. Intrathecal baclofen for the treatment of dystonia in
patients with reflex sympathetic dystrophy.[comment]. [Clinical Trial. Journal Article. Randomized Controlled Trial] New England
Journal of Medicine. 343(9):625-30, 2000 Aug 31.

Ul: 10965009

481. Chandalia M. Garg A. Lutjohann D. von Bergmann K. Grundy SM. Brinkley LJ. Beneficial effects of high dietary fiber intake
in patients with type 2 diabetes mellitus.[comment]. [Clinical Trial. Journal Article. Randomized Controlled Trial] New England
Joumnal of Medicine. 342(19):1392-8, 2000 May 11.

Ul 10805824

528. Schein OD. Katz J. Bass EB. Tielsch JM. Lubomski LH. Feldman MA. Petty BG. Steinberg EP. The value of routine
preoperative medical testing before cataract surgery. Study of Medical Testing for Cataract Surgery.[comment]. [Clinical Trial.
Journal Article. Multicenter Study. Randomized Controlled Trial] New England Journal of Medicine. 342(3):168-75, 2000 Jan 20.
Ul 10639542

54



6.2.- Articles descartats.

NO ESTUDIS AMB INTERCANVI DEL TRACTAMENT

Transmyocardial CO(2) laser revascularization improves sxmptoms, function, and quality of life:
2-month results from a randomized controlled trial “'* A - Med)

rarticipants: Eligible patients had medically refractory symptoms, defined as Canadian

Cardiovascular Society classifications Il and IV, such as reversible ischemia
on the left ventricular free wall, a left ventricular ejection fraction greater than
20%, and a coronary anatomy that was not amenable to traditional
revascularization, as assessed by their attending therapy

n(transmyocardial revascularization)=93 n{medical management)=99

Methods: Patients were randomized to either transmyocardial revascularization or|
continued medical therapy. Those randomized to continued medications were
eligible for crossover to transmyocardial revascularization after 6 months, or|
earlier if they developed unstable angina requiring 48 hours or more of]
intravenous anti-anginal therapy.

Main outcome: health status assessed with the Seattle Angina Questionnaire and the Short
Form-36
[Statistical analysis: (Primary analysis:) Student t test were used to compare serial scores and the

area under the curve for each of the health status.

(Secondary analysis: patients assigned to medical theraphy crossed-over to
the transmyocardial revascularization arm) Efficacy or on-treatment analysis|
to estimate the relative improvement associated with transmyocardial
revascularizatin vs medial therapy alone. In this analysis, scores for medicaily
treated patients were included only up to the time of cross-over. Changes in
scores were calculated using the last precrossover value, and both the area
under their health status curves and their benefit statistics were truncated at
the time they crossed over.

[Table 2.- Intention-to-treat and efficacy analyses comparing health status scores (range: 0 to 100) over|
E::tween Transmyocardial Revascularization and Medical Management (mean(SD))

. N Transmyocardial Medical Management
Angina Questionnaire revascularization Intention-to-treat Efficacy analysis
Month 0 (BASELINES) 27 (23) 28 (23) 28 (23)
3 60 (30) 36 (27) 28 (26)
6 59 (31) 4131) 26 (26)
12 53 (32) 48 (31) 27 (27)

NOT CROSS-
OVER (RESCUE
THERAPY)

ing the evening insulin dose to avoid Iow blood sugar levels and to improve sugar control
patients with type 1 diabetes ~* (" Intam Med|

provided by "Annals" to help patients better understand the complicated and often mystifying

" SUMMARY FOR
uage of modern medicine PATIENTS
REPORT: "Administration of Neutral Protamine Hagedorn Insulin at Bedtime versus with Dinner in
ype 1 Diabetes Mellitus to Avoid Nocturnal Hypoglycemia and Improve control: A randomized
lled trial" (120) 2 April 2002 (Volume 136, pages 504-514)
m&iegmﬁontmlled trial of primary school based intervention to reduce risk factors for GE%TJII\’LTLIEI}&L

children
in outcome measures: Body mass index, diet, physical activity and psychological state

Design: Group-randomised controlied trial; 2 groups: Intervention schools (5) and
comparison schools (5)

h’able 1.- Characteristics at baseline of children in intervention and control schools. [mean (SD)]

Intervention (n=314) Comparison (n=322)

Body mass index SD score 0,12 (1,01) 0,04 (1,17)
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Table 3.- Weighted mean difference in body mass index standard deviation score and...
School Weighted mean difference (85%Cl) % weight of shool
1 0(-0,2t00,1) 25,8
2 0,1(0t00,2) 18
3 0,1 (-0,1t0 0,2) 22,5
4 0,1(-0,3t00) 19,8
5 -0,2 (-0,3 to 0) 13,8
Overall 0(-0,11t00,1)

Health-Related Quality-of-Life Assessments and Patient-Physician Communication: A
Randomized Controlled Trial "3 ¥

N = 10 physicians and 214 patients undergoing palliative chemotherapy

ain outcome Audiotapes of the consultations were content analyzed to evaluate patient-physician
measure: communication. Physician's awareness of their patients' health problems was assessed
by comparing physicians' and patients' ratings on the Dartmouth Primary Care CROSS'QVER
Cooperative Information Functional Health Assessment (COOP) and the World| TO CONTROL
Organisation Project of National Collegues and Academics (WONCA) charts CONTAMINA-
ICOMMENT: Although the use of a crossover in the study design enabled us to largely neutralize any TION EFFECTS
effect that might be attributed to physicians’ background characteristics, it also carried
with it the risk of a carryover or contamination effect. In fact, some evidence was found
suggesting that the physicians who began in the experimental condition and
subsequently crossed over to the control condition may have been sensitized to HRQL
issues and may have changed their behaviur during the period in which they were no
longer exposed explicitly to the intervention.

RESPOSTA PRINCIPAL NO QUANTITATIVA

dministration of Neutral protamine hagedomn insulin at bedtime versus with dinner in type 1 diabetes mellitus to
oid nocturnal hypoglycemia and improve contro| *12° A" Interm bed)

IN=22 C peptide-negative persons with type 1 diabetes mellitus
Primary end point: frequency of nocturnal hypoglycemia
[Statistical analysis: McNemar test

ocal warming and insertion of peripheral venous cannulas single blinded prospective randomised controlled
ial and single blinded randomised crossover trial

(inicial) = 42 patients with leukaemia who required chemotherapy (2 failed (both had initially been assigned to passive
insulation)]

n(active/passive insulation)=21 n(passive/active insulation)=19
rimary outcome measure: Succes rate for insertion of 18 gauge cannula into vein on back of hand
tatistical analysis: the results in the warmed and unwarmed patients with leukaemia were compared with
McNemar tests

valuation of implementation and effect of primary school based intervention to reduce risk factor for obesity '’

TH

ain outcome measures: Response RATE to questionaires, teacher's evaluation of training and input, succes

of school action plans, content of school meals and children's knowledge of healthy
living and self reported behaviour

tatistical analysis: Tables show Numbers and/or percentages

Randomlzed crossover trial of transdermal fentanyl and sustained release oral morphine for treating chronic
non-cancer pain "2 8%

ain outcome measures: PREFERENCE for transdermal fentanyl or sustained release oral
morphine, pain control, quality of life and safety assessment

tatlstlcal analysis: binomial test ("preferred"/"not preferred”)
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Computer support for interp_retin'? family histories of breast and ovarian cancer in primary care: comparative
tudy with simulated cases " ®*)

Main outcome measures: number of appropiate management decisions made (maximum of
6), mean time taken to reach a decision, number of pedigrees
accurately drawn (maximum of 6)

Statistical analysis: Friedman's two way analysis of variance to compare effects
overall for each outcome (median-range)

[Table 1.- Median (range) outcome measures for 36 doctors managing family histories using three different methods of

upport
ﬁable 2.- Values are numbers (percentages)

Hand-rubbing with an aqueous alcoholic solution us traditional surgical hand-scrubbing and 30-day surgical site
infection rates: a randomized equivalence study "¢ ¥AM%

Primary end point: Nosomical SSI rates (Surgical Site Infection)

Statistical analysis:  The 2 protocols were considered equivalent is the 95% CI of the SSI rate difference (calculated
according to the Wallenstein method) was within the limits of -2% to 2% and contained the bound
zero in both analyses, the as-treated as well as in the conservative intent-to-treat. The level of
significance for equivalence was given by the highest P value related to the lowest Chi-square
value of the continuity-corrected one-sided test (described by Dunnet and Gent).

Platelet glycoprotein lib/llla integrin blockade with eptifibatide in coronary stent intervention "™ /AMA

Primary end point: rate of death, MI, urgent target vessel revascularization or bailout Gp lib/llla inhibitor use at 48 h

Statistical analysis:  gyrvival analysis methods were used for the 6-months analyses; pairwise comparison between 2
treatment groups were made using the long-rank test with event rates calculated by the kaplan-
Meier method

Novel dosing regimen of eptifibatide in planned coronary stent implantation (ESPRIT): a randomised, placebo-
controlled trial 41 fLancet

Primary end point: composite of death, myocardial infarction, urgent target vessel revascularisation and thrombotic
bailout glycoprotein lib/llla therapy within 48h after randomisation

Statistical analysis: pairwise comparisons by means of conventional Chi-square analyses. For secondary analyses, Chi-
square for categorical variables and Wilcoxon rank-sum test for continuous variables.

—

The safety of inactivated influenza vaccine in adults and children with asthma "% (NEnalJ ¥ed)

N=2032 patients with asthma (1952 receive both injections and completed both 14-day post-injection diaries)
Primary end point: exacerbation of asthma in the 2 weeks after the injections
[Statistical analysis: 2-group test of the equivalence of binomial proportions

Fludarabine compared with chlorambucil as primary therapy for chronic lymphocytic leukemia " ™ £l J Med)

Clinical responses: complete remission, partial remission, complete or partial remission, and stable or progressive
disease

Statistical analysis: Chisquare test to compare the response rates. All time-to-event distribution were calculated by the
Kaplan-Meier method and compared with the use of the log-rank test J

The value of routine preoperative medical testing before cataract surgery "*** ™ &'/ e

2 types of crossover.  complete and partial

Principal outcomes:  cumulative rate of medical events; rate of medical events on the day of surgery; rate of events
during post operative period

Statistical analysis: stratified analysis
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ESTUDI DEL CANVI RESPECTE DELS VALORS INICIALS

of adding a Leukotriene an%gonist or a long-acting beta(2)-agonist in asthmatic patients with the glycine-
6 beta(2)-adrenoceptor genotype 3 Wnel)

24 patients with moderate asthma

wnary end point: methacholine provocative dose transformed to a logscale to normalize the|
distribution (geometric means)

BASELINE: Metacholine provocative dose [Mean (SD)]62 (13)
[Statistical analysis:

The geometric mean metacholine provocative dose was determined for each|
treatment, 95% CI for treatment effects were also calculated. The geometric mean-
fold protection ratio was calculated for each active treatment as the difference|
between the effects after 1 week of treatment vs baseline, in comparison with
placebo. A multifactorial analysis of variance was performed using subject,
treatment, sequence, and visit as factors.

Results: For both formoterol and zafirlukast, there were significant (p<0,05) improvements in|
the geometric mean metacholine provocative doses for the difference after 1 week
versus baseline, as compared with placebo. This amounted to a geometric mean|
1.9-fold difference (95%C!: 1,2- to 2,9-fold) for formoterol and 1,5-fold difference
(95%Cl: 1,1- to 2,2-fold) for zafirlukast. There was no significant difference in th
geometricmean methacholine provocative doses between the formoterol and
zafirlukast groups after 1 week fo treatment, either as absolute values or as changes
from baseline

h\lﬂled human insulin treatment in patients with type 2 diabetes mellitus ~'® ¢"" Item Med)

participants
urements: Glycemic control (hemoglobin A1c level) obtained at baseline and monthly for 3 months.
Pulmonary function tests were done at baseline and at the end of the study.
P&sign: Randomised, open-label, 3-month study consisting of a screening visit, a 4-week baseline lead-

in phase, and a 12-week treatment phase.
istical analysis:

Efficacy was assessed by the 12-week change in hemoglobin A(1C) level from baseline. The
95% CI for the mean of the changes was calculated on the basis of the SE and the sampling t-|
distribution. Data are presented as the mean +/- SD

hect of cyclooxigenase-2 inhibition on renal function in elderly persons receiving a low-salt diet 47 /A" Intem Med)

= 15 patients in good general health who were receiving a sodium-restricted diet
rements: glomerular filtration rate

Randomized three-period balanced single-dose cross-over study and a randomised, paraliel-
group, multiple-dose study.

analysis of covariance model. The final model included terms for patient, period, treatment,
sequence, and predose value as covariates. The normality and homogeneity of variance
assumptions of the analysis of covariance were tested.

Determine effect of rofecoxib (treatment)

OMERULAR FILTRATION RATE was calculated measuring inulin clearance before and after treatment

REDUCTION response in inulin clearance from baseline: maximal difference between the minimum glomerular
jon rate after drug administration and the mean glomerular filtration rate measured during urinary stabilization
line)

hbolar permanent magnets for the treatment of chronic low back pain: a pilot study "> A~

with stable low back pain

imary outcome: Visual Analog Scale (VAS) (used to quantify pain intensity)
istical analysis: The difference between baseline (preapplication) and posttreatment VAS scores was|
analysed using repeated measures analysis of variance.
BASELINE: VAS (mean (SD)) 48(2,2)
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3

rable 2.- Baseline and Change in VAS Scores after treatment, by day (mean(SD))

Baseline (pretreatment)

Da Sham Magnet
Monday| 5,2(2,3) 47 (2,8)
Wednesday!| 5,2 (2,5) 4.8 (2,8)
Friday 4,5(2.5) 46(3.1)
overall 5,0(2,4) 4,7 (2,9)
Change after treatment
Da Sham Magnet
Monday| -0,58 (2,4) -0,41 (1,3)
Wednesday -0,75 (1,1) -0,80(1,1)
Friday 0,36 (1,5) -0,31 (1,4)
overall -0,44 (1,4) -0,49 (0,96)

hmﬂ!ecal baclofen for the treatment of dystonia in patients with reflex sympathetic dystrophy ™22 (VEnw J Med)

7 women who had had reflex sympathetic dystrophy
in outcome measure;

in outcome measure: Before and 4 and 8 hours after each injection, each woman assessed the overall severity of her|
dystonia on a 100-mm VAS on which the severity of symptoms was rated from 0 to 100.
Changes in dystonia were calculated as the percentage change form the score at baseline to
the lower score at 4 and 8 hours

To evaluate the differences in outcome among the 3 injections of baclofen and the 2 injections
of placebo: repeated-measures analysis of variance

able 2.- Percent change from base line in scores of the VAS after single intrathecal injections of placebo or baclofen in
7 women with reflex sympathetic distrophy (Mean (SD))

| analysis:

Placebo
jent 1rst injection 2nd injection
1 -5 3
2 -2 1
3 -38 -19
4 -9 -3
5 -4 3
6] 9 4
7 21 -47
“All patients 4 (18) -8 (19)
Baclofen
jent 25 (mu)g 50 (mu)g 75 (mu)g
1 4 -31 51
2 -33 67 -87
3 -51 -89 -88
4 1 -85 -3
5 -24 -36 64
6| -6 17 -42
7 -17 - -42
"All patients 18 (20) -54 (30) -54 (30)
“RESEARCH LETTERS”
Entamine may be effective in treating autistic disorder [Letters] **®*! j
Feedback is necessary in strategies to reduce hospital acquired infection (Editor) "% &%
hutoome: Incidence of ‘Clostridium difficile’ associated diarrhoea
Fadiac Resynchronization Therapy for Heart Failure ™ ™' M) NOT CROSS-
OVER (RESCUE

ndence: Ten patients crossed over to pacing; in seven of these patients, the reason was an
exacerbation of chronic heart failure.

THERAPY)
Cardiac Resynchronization in Chronic Heart Failure

After this initial evaluation, patients underwent implantation of a cardiac-|
resynchronization device (InSync model 8040, Medtronic) along with three pacing
leads: a standard right atrial lead. a standard riaht ventricular lead. and a specialized
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leads: a standard right atrial lead, a standard right ventricular lead, and a specialized
left ventricular lead, [25] which was placed into a distal cardiac vein by way of the
coronary sinus through a guiding catheter. Patients who had undergone successful
implantation were randomly assigned to atrial-synchronized biventricular pacing (the
resynchronization group) or to a control group (no pacing) for six months, during
which time medications for heart failure were to be kept constant. Randomization
occurred in permuted blocks to ensure a balance between groups within centers.
Base-line variables were reevaluated one, three, and six months after randomization.

Crossover from the control mode to the cardiac-resynchronization mode before the
six-month assessment was prohibited, except for patients in whom a bradyarrhythmia
that required cardiac pacing developed. Neither the patients nor the physicians
treating them for heart failure and performing the study evaluations were aware of the
treatment assignment

“WILCOXON SIGNED-RANK TEST”

ylactic treatment of migraine with angiotensin converting enzyme inhibitor (lisipronil):randomized, placebo
led, crossover study ¢ &%/

Primary end points:  number of hours with headache (not normally distributed); number of days with headache and
number of days with migraine

istical analysis.  Wilcoxon signed rank test to compare end point variables. For comparison of adverse events and

acceptability, McNemar's matched pairs test

1

anticoagulation seli_‘-mana%ement and management by a specialist anticoagulation clinic: a randomised
ver comparison 413 (tance

ry end point:  number of measurements that were within the OS INR units from the therapeutic target value INR|
during each study period

| analysis:  For comparison of groups the Wilcoxon singned-rank test and 2-tailed Fisher's exact test

rain stimulation of the subthalamic nucleus or the pars interna of the globus pallidus in parkinson's
*220 (N Engl J Med)

I

143 patients with advanced parkinson's disease; 134 received bilateral implants in the subthalamic nucleus or the pars
of the globus pallidus and 9 did not receive bilateral implants

ry outcome: difference between scores on the motor subscale of the UPDRS
| analysis:  Wilcoxon rank-sum test was used to assess treatment, period, and carryover effects.

Pn_:t_sqfo multisite biventricular pacing in patients with heart failure and intraventricular conduction delay **®
] J
| 7 patients with severe heart failure; 48 completed both study periods
imary end point: distance walked in 6 minutes
istical analysis: The responses obtained for all criteria assessing clinical efficacy were compared with the
use of the Wilcoxon test.
ESTUDI MULTINIVELL
Fﬁvldual cholesterol variation in response to a margarine- or butter-based diet: a study in families ~** VA%
in outcome measures: mean LDL-C levels during the last 2 weeks of each dietary period
| analysis: generalized estimating equations (GEEs) to compare the 2 diets and construct Cis to adjust for

the lack of independence within families

families; n(butter-margarine)= 23 [104 persons] and n(margarine-butter)=23 [102 persons]
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“LONG RANK TEST”

F\ Comparison of Rate Control and Rhythm Control in Patients with Atrial Fibrilation 2° ™ EnglJ Wed)

ry end point:
| Analysis:

overall mortality

The base-line characteristics of patients were compared with chi-square tests and t-tests. The
primary analysis was an intention-to-treat comparison of the time to death from any cause,
adjusted to 10 interim analyses. For all time-to-event analyses, rates were estimated by the
method of Kaplan and Meier and were compared by the long-rank test. Secondary analyses
were conducted to evaluate results within prespecified subgroups and to adjust the primary end
point for base-line characteristics. The prespecified covariates... were used to construct a
multivariate Cox proportional-hazards survival model.
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6.3.- Exemple Senn (ref. seccié 2.1)

Senn and Auclair 1990 (p. 1290). There are measurements of peak expiratory flow (PEF), a measure of

lung function (National Asthma Education Program, 1991, pp. 6-9), made on 13 children aged 7 to 14

with moderate or severe asthma in a two-treatment two-period cross-over comparing the effect of a single

inhaled dose of 200 ng salbutamol, a well-established bronchodilator, and 12 pg formoterol, a more

recently developed bronchodilator (Faulds et al. 1991). The children were randomized to one of two
sequence groups. In one group they were given a dose of formoterol in the morning and observed for 8h

in the clinic. They then traveled home where they or their parents took further measurements 10, 11 and

12h after treatment. On a subsequent occasion after a wash-out of at least one day they presented at the

clinic again and were given a single dose of salbutamol. Measurements in the clinic followed as before

and were again succeeded by measurements at home. For the second sequence group, the procedure was

as for the first except that they received salbutamol on the first visit to the clinic and formoterol on the
second visit to the clinic. [TREAT=1 - salbutamol ; TREAT=2 -> formoterol]

EXAMPLE CROSSOVER:

SENN,S: page 32

GROUP PERIOD PATNUM TREAT PEF BASE
1 1 1 1 310 290
1 1 4 1 310 300
1 1 6 1 370 250
1 1 7 1 410 390
1 1 10 1 250 250
1 1 11 1 380 365
1 1 14 1 330 190
2 1 2 2 370 350
2 1 3 2 310 350
2 1 5 2 380 350
2 1 9 2 290 280
2 1 12 2 260 270
2 1 13 2 90 220
1 2 1 2 270 270
1 2 4 2 260 270
1 2 6 2 300 210
1 2 7 2 390 390
1 2 10 2 210 240
1 2 11 2 350 380
1 2 14 2 365 260
2 2 2 1 385 345
2 2 3 1 400 370
2 2 5 1 410 360
2 2 9 1 320 290
2 2 12 1 340 310
2 2 13 1 220 220

. Periode 1 Periode 2
Grup Pacient
for sal for Sal
1 310 Wk 270
4 310 260
6 370 300
1: for/sal 7 410 390
10 250 210
11 380 350
14 330 [ 365
2 7] 370 | 385
3 310 400
80 410
2: sal/for . .,
9 290 320
12 260 340
13 90 | 220 gz
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A SIMPLE ANALYSIS IGNORING THE EFFECT OF PERIOD

A simple way of analysing data arranged in such a way is to perform a matched pairs t-test, sometimes
aslo known as a correlated t test. (The first designation reflects the fact that the 26 PEF values may be
matched in 13 pairs corresponding to the 13 patients. The second reflects the correlation that may be
expected between values obtained for a given patient under one treatment and those obtained under

another).
proc glm;
class PATNUM TREAT;
model PEF=PATNUM TREAT;
estimate 'for-sal' TREAT 1 -1;
run;
The GLM Procedure
Class Level Information
Class Levels Values
PATNUM 13 123456791011 12 13 14
TREAT 2 12
Number of observations 26
Dependent Variable: PEF
Sum of
Source DF Squares Mean Square F Value Pr > F
Model 13 128601.9231 9892.4556 12.01 <.0001
Error 12 9886.5385 823.8782
Corrected Total 25 138488.4615
R-Square Coeff Var Root MSE PEF Mean
0.928611 9.013107 28.70328 318.4615
Source DF Type I S8 Mean Square F Value Pr > F
PATNUM 12 115213.4615 9601.1218 11.65 <.0001
TREAT 1 13388.4615 13388.4615 16.25 0.0017
Source DF Type III SS Mean Square F Value Pr > F
PATNUM 12 115213.4615 9601.1218 11.65 <.0001
TREAT 1 13388.4615 13388.4615 16.25 0.0017
Standard
Parameter Estimate Error t Value Pr > |t}
for-sal 45.3846154 11.2583521 4.03 0.0017

ADJUSTING FOR A PERIOD EFFECT: TWO-SAMPLE t APPROACH

A very simple procedure allows us to adjust for period effects. Consider the period differences. If a
contrast trend is present this must affect each of the period differences identically. Thus any differences
between them cannot be due to the period effect. Differences between period differences in the same
sequence group can be regarded as being random. On the other hand differences between any two period
differences in different sequences would also reflect treatment differences. (They would also reflect
carry-over if it were present, but for the purpose of the current discussion this will be assumed not to be a
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problem.) Thus by comparing the means of the period differences for the two sequences we may examine
the treatment effect. This may be done by using a two sample # test for the period differences.

proc glim;
class PATNUM TREAT PERICD;
model PEF=PATNUM TREAT PERIOD;
estimate 'for-sal' TREAT 1 -1;

run;
The GLM Procedure

Class Level Information

Class Levels Values
PATNUM 13 123456791011 12 13 14
TREAT 2 12
PERIOD 2 12
Number of observations 26

Dependent Variable: PEF

Sum of
Source DF Squares Mean Square F value Pr > F
Model 14 130233.9973 9302.4284 12.40 <.0001
EBrror 11 8254.,4643 750.4058
Corrected Total 25 138488.4615
R-Square Coeff Var Root MSE PEF Mean
0.940396 8.601835 27.39354 318.4615
Source DF Type I SS Mean Square F Vvalue Pr > F
PATNUM 12 115213.4615 9601.1218 12.79 <.0001
TREAT 1 13388.4615 13388.4615 17.84 0.0014
PERIOD 1 1632.0742 1632.0742 2.17 0.1683
Source DF Type III SS Mean Square F value Pr > F
PATNUM 12 115213.4615 9601.1218 12.79 <.0001
TREAT 1 14035.9203 14035.9203 18.70 0.0012
PERIOD 1 1632.0742 1632.0742 2.17 0.1683
Standard
Parameter Estimate Error t Value Pr > |t|
for-sal 46.6071429 10.7765596 4.32 0.0012

ANALYSIS FITTING PERIOD EFFECTS IN ADDITION TO TREATMENT:

»  The reader who is interested in testing for carry-over will require a different representation of the
! patient effect; he will need to split this into two sources: GROUPS and PATIENTS within GROUP. (It

will be necessary to include a variable which identifies for each of the 2» observations to which sequence
' GROUP the particular patient on whom that observation was made belongs).

proc glm;
class GROUP PATNUM PERIOD TREAT;
model PEF=GROUP PATNUM (GROUP) PERIOD TREAT;
random PATNUM (GROUP)/test;
estimate 'for-sal' TREAT 1 -1;

run;
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The model statement has now been amended to split the variation between patients into two sources:
that between groups, GROUP, and the variation between patients within groups, PATIENT(GROUP).
This split is made necessary because we wish to use the difference between sequence groups to say
something about carry-over. In addition the random statement has been used to identify PATIENTs as
random effect.

The GLM Procedure

Class Level Information

Class Levels Values
GROUP 2 12
PATNUM 13 123456791011 12 13 14
PERIOD 2 12
TREAT 2 12
Number of observations 26

Dependent Variable: PEF

Sum of
Source DF Squares Mean Square F Value Pr > F
Model 14 130233.9973 9302.4284 12.40 <.0001
Error 11 8254.4643 750.4058
Corrected Total 25 138488.4615
R-Square Coeff Var Root MSE PEF Mean
0.940396 8.601835 27.39354 318.4615

Source DF Type I SS Mean Square F Value Pr > F
GROUP 1 335.1877 335.1877 0.45 0.5177
PATNUM (GROUP) 11 114878.2738 10443.4794 13.92 <.0001
PERIOD 1 984.6154 984.6154 1.31 0.2763
TREAT 1 14035.9203 14035.9203 18.70 0.0012
Source DF Type III SS Mean Square F Value Pr > F
GROUP 1 335.1877 335.1877 0.45 0.5177
PATNUM (GROUP) 11 114878.2738 10443.4794 13.92 <.0001
PERIOD 1 1632.0742 1632.0742 2.17 0.1683
TREAT 1 14035.9203 14035.9203 18.70 0.0012

Source Type III Expected Mean Square

GROUP Var (Error) + 2 Var (PATNUM(GROUP)) + Q(GROUP)

PATNUM (GROUP) Var(Error) + 2 Var (PATNUM(GROUP))

S PERIOD Var (Error) + Q(PERIOD)
TREAT Var (Error) + Q(TREAT)

Tests of Hypotheses for Mixed Model Analysis of Variance

i Dependent Variable: PEF

Source DF Type III SS Mean Square F Value Pr > F
GROUP 1 335.187729 335.187729 0.03 0.8611
Error 11 114878 10443

Error: MS(PATNUM (GROUP))

Source DF Type III SS Mean Square F Value Pr > F
PATNUM (GROUP) 11 114878 10443 13.92 <.0001
PERIOD 1 1632.074176 1632.074176 2.17 0.1683
TREAT 1 14036 14036 18.70 0.0012
Error: MS(Error) 11 8254.464286 750.405844
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Standard
Parameter Estimate Error t value Pr > |t]|

for-sal 46.6071429 10.7765596 4.32 0.0012

L’estimaci6 de la variancia within que s’obté és: 0'3” =754,87
ANATYSIS USING A SINGLE BASELINE:

We use a single baseline before treatment and no longer regard this as a concomitant value associated
with the first outcome measures but as an extra ‘outcome’ in its own right. Thus where we have 13
patients we now have 3*13=39 values of the variable QUTCOME as opposed to the 26 we had
previously. Corresponding to each outcome value we record the PATIENT it was measured for and the
PERIOD in which it was measured as before, only now PERIOD is a variable with 3 values 0 (for the
baseline period) and 1 and 2 (for the treatment periods). We now have as our TREATment variable, -1
(for salbutamol) and O (for baseline). The effect of this is that the baseline itself contributes nothing to
the treatment estimate.

proc glm;
class PATIENT PERIOD;
model OUTCOME = PATIENT PERIOD TREAT;
estimate ‘treatment effect’ TREAT 2;
run;

Note the change in the form of the estimate statement. Because TREAT is a numerical variable estimate
provides a slope. To move from —1 for salbutamol to +1 for formoterol is a change of 2 units. This is
why the ‘2’ is included in the estimate statement. This produces an estimate of the treatment effect,
46.61, which is identical to that obtained by our calculations. The same value would result using the 26
genuine OUTCOME: s only and fitting PATIENT PERIOD and TREAT as class variables. What changes is
the standard error This is now 14.59, based on 23 degrees of freedom, as opposed to 10.78, based on 11
degrees of freedom. The extra 12 degrees of freedom have arisen because we have used 13 further
OUTCOME:s as the cost of only one further parameter being fitted for PERIOD.

It is interesting to trace the origin of the increase in the standard error. The SAS® output for these two
approaches shows that the estimated error variance for 11 degrees of freedom is 750.41, that for 23
degrees of freedom is 1375.25. The ratio of the square of the standard errors to the error variance will be
found to be the same in each case: 10.78%/750.41=14.59*/1375.25=0.155. This is as it should be. Both
methods will always produce identical estimates, hence the variance of the two methods must be the
same. This variance is, in fact, 6% (I/6+1/7)/2=0.1556% where G3, is the within-patient variance

and is half the variance of a basic estimator (cross-over differences). What has changed from one case to
the other is not the estimate itself, nor the variance of the estimate, but the estimate of the variance of the
estimate. We have used the baseline values in addition for this purpose. Their effect has been to increase

our estimate of 0'3” considerably. In fact if we isolate these 12 degrees of freedom we find that the

estimated error variance associated with them alone is 1948.02 compared to the 750.41 the other 11.
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There are many possible explanations for this difference, not least among them chance. One possible
explanation is that patients respond to different degrees to beta-agonists as a class of drug. Because each
patient acts as his own control, in comparing two beta-agonists this source of patient heterogeneity is
climinate. Comparing to baseline it is not eliminated.

Of the two approaches, I prefer the one which does not use the baseline and estimates the error variance
using 11 degrees of freedom rather than 23. This is not because it leads to a lower estimated standard
aror. [ should still prefer it if the reverse were the case. I prefer it because it is based on the direct
comparison of the two treatments. Further discussion of this general issue is given in Chapter 5.
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6.4.- Confusié d’efectes en el disseny cross-over AB/BA

Els factors del disseny AB/BA son els segiients:

o Tractament: o ; i-aB
o) Periode o temps: 7; ; =12
o) Ordre o seqiiencia: Ok ; k=1(AB), 2(BA)

Per tant, obtindriem 8 possibles combinacions per6 només 4 d’elles observables
(certes combinacions s6n incompatibles, es corresponen amb les cel-les pintades de la
taula de la pagina 7) i, conseqiientment, el model amb totes les interaccions (an, aO,
n0, anO) estaria sobredimensionat. L’algorisme dels signes d’un disseny factorial
2x2x2 que defineix els contrastos per a cada efecte, essent m;x la mitjana en el

tractament i, periode j i seqii¢ncia k seria:

n o n 0] on a0 n0 anO
my, + + + + + + + +
mg + - + + - - + -
m 4o, + + - + - + - -
My, + - + + - - +
m g, + + + - + - - -
mg, + - + - - + - +
m 4o + + - - - - +
Mgy, + - - - + + + -

Per6 com les mitjanes mg);, Maz1, Ma12, Mpp2 NO S’ observen:

p o T 0] on a0 0 anO
my, + + + + + + +
Mgy + - - + + - - +
mp, + - + - - + - +
m 4o + + - - - - + +

el resultat és que es troben confosos els efectes: o amb ©O, 1 amb a0, O amb an i anO
amb p; i, per tant, per a poder fer inferéncia sobre els efectes d’interés sera necessari

assumir que les interaccions an, a0, 70 i anO sén zero.
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6.5.- “Independent t-test based on matched-pairs differences”

Recordem que la variable “cross-over differences” es defineix com:
Cix = Y1k ~Yix sike AB(1)
Cx =Yook —Yax  Sike€BA(2)

D’acord amb la premissa formulada sobre la distribucié d’aquesta variable, el model que
ajusta les dades €s Yy =p+tytogjteix i, per tant, les esperances E[clk]=E[c2k]=al —0y.
Aleshores, per contrastar Hy: a,=ct; , s’aplicara el conegut t-test per a dades aparellades a la
variable “cross-over differences”.

Si definim o, =, —a, i &, =C_inotemper n=n, +n,:

E[&c]'_‘ac
A _20'§ _cz
Vie ===

Per estimar o2 s’usa:

n-1
amb n—1 graus de llibertat. Sota Hy, I’estadistic per a contrastar 1’igualtat d’efectes:

te =\/H'E../Sc

es distribueix segons una #-Student amb n-1 graus de llibertat. L’interval de confianga al 95% per

al veritable efecte del tractament, o, sera:

o, ec +t2/2 'Sc/\/;

A partir de P’interval de confianga, es tracta d’aillar S i d’obtenir una sola estimaci6
promitjant els dos valors obtinguts a partir dels limits superior (Upper Confidence Interval, UCI) i
Pinferior (Lower Confidence Interval, LCI) de I’interval de confianga:

(uci-c Wa o - (€ -LCIWn

SUCl = 005/2 LCI 0.05/2
tn—l tn—l
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6.6.- Llistat mails dels articles on falta informacié

Codi . .
ediind Revista Titol
377 | AMUIMED [The effects of Transdermal Estradiol on the response to mental stress in
postmenopausal women: a randomized trial
peticié adrega
26/02/03 eriat@ipruniv.cce.unipr.it
18/02/03 gdelrio@regione.emilia-romagna.it
12/02/03 raziano.ceresini@unipr. it
respostes
editerranean and Low-Fat diets improve endothelial function in
268 ANNALS ypercholesterolemic men
peticié adrega
11/03/03 fifuentes@hrs.sas.junta-andalucia.es
20/02/03 fifuentes@hrs.sas.junta-andalucia.es
18/02/03 renee.q.tagert@uth.tmc.edu
12/02/03 fperez@sofia.hrs.sas.cica.es
respostes
12/03/03
En los préximos dias recibiran los datos sin problemas y perdonen por la tardanza, un
aludo
532 BMJ Effect of temazepan on ventilatory response at moderate altitude
peticié adrega
18/02/03 interne@khneunkirchen.at
respostes
384 JAMA  [Efficacy of 3 commonly used hearing aid circuits: a cross-over trial
peticié adreca
01/04/03 viarson@howardleight.com
respostes
01/04/03
Thank you for your inquiry. I'm forwarding your request to David Williams, the
biostatistician on the study. His e-mail is: williams@presearch.hines.med.va.gov
370 LANCET ([Topical butyrate for acute radiation proctitis: randomised, cross-over trial
peticié adrega
12/02/03 disciclin@uniroma..it
Mail al departament de ciéncies cliniques, per demanar informacié sobre el Dr. Piero
Vernia
respostes
IComparison of pharmacokinetics and systemic effects of inhaled fluticasono
413 LANCET |propionate in patients with asthma and healthy volunteers: a randomised
crossover study
peticié adrega
20/04/03 ashley@nwlung.u-net.com
Mail al departament de ciéncies cliniques, per demanar informacié sobre el Dr. Piero
Vernia
respostes
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480

LANCET

Effect of consumption of red wine, spirits, and beer on serum homocysteine

—

peticié Adrega
01/04/03 blseni@uta.fi
18/02/03 Hendriks@voeding.tno.ni
respostes

493 LANCET [Transcranial magnetic sitmulation and auditory hallucinations in schizophrenia
peticié Adreca
23/04/03 Ralph.Hoffman@yale.edu
11/04/03 ralph.hoffman@yale.edu
respostes
11/04/03 -
Is this for rTMS? Effect sizes are going to vary from study to study. | don't reallJ
understand what you are trying to show. Can you give me more details? RH
23/04/03
ITHis is going to take a while to track down since the study was finished quite a long
time ago
414 NEJM [Transdermal testosterone treatment in women with impaired sexual function after

loophorectomy

peticio adrega

01/04/03 jshifren@partners.org
18/02/03 peter.casson@vtmednet.org
13/02/03 janshifren@hotmail.com
respostes

01/04/03 jshifren@partners.org

| will be out of the office until Monday, March 31, 2003.
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6.7.- Article originals que compleixen criteris de seleccié
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Annals of Intsrnal Medicins

Background: The lethal effects of cocaine are unique among
those of other illicit drugs because cocaine has the propensity to

j ARTICLE

(54) Mechanism of Cocaine Induced Hyperthermia in Humans

[30] Craig G. Crandall, PhD; Wanpen Vongpatanasin, MD; and Ronald G. Victor, MD

Results: Three major new findings were noted. First, cocalne

ause hyperthermia. The traditional view is that cocalne causes a
hypermetabollc state with Increased heat production. However,
because cocalne Induced hyperthermla occurs primarily in hot
weather, It Is hypothesized that coealne also Impalrs thermoregu
latory adjustments that mediate heat dissipation.

Objective: To test the effects of cocaine on body temperature
regulation In humans,

Design: Randomized, double blind, placebo controlled crossover
trial.

Setting: A cardiovascular physlology lab y In Dallas, Texas.

Participants: 7 healthy, cocaine naive volunteers,

Intervention: Progressive passive heat stress, during which each
participant recelved Intranasal cocaine (2 mg/kg of body welght)
or placebo (lidocaine, 2 mg/kg).

Measurements: Esophageal temperature, skin blood flow, sweat
rate, and percelved thermal sensation.

ly augmented the prog increase in esophag

temperature during heat stress (P < 0.001). Second, this augmen
tation was explained by a rightward shift In the esophageal tem
perature threshold for the onset of both cutaneous vasodilation
(37.37 £0.08 °C for cocaine vs. 37.06 £ 0.07 *C for lidocalne;
P=001) and sweating (37.3820.09°C for cocalne vs.
37.07 £ 0.06 °C for lidocaine; P = 0.002). Third, cocaine paradox
Icafly impalred the perception of heating by attenuating the pro
gressive Increase In thermal discomifort assoclated with heat
stress.

Conclusions: In humans, Impaired heat dissipation Is a major
mechanism by which cocalne elevates body temperature. When
heaithy, cocaine naive persons are subjected to passive heating,
pretreatment with even a small dose of intranasal cocalne Impairs
sweating and cutaneous vasodiation (the major autonomic adjust
ments to thermal stress) and heat perception (the key trigger for
behavioral adjustments).

Ann Inter Med. 2002;136:785 791, www.arssorg
For author affifations, see end of text

Cocainc abuse is a major cause of life-threatening
cardiovascular emergencies, including hypertensive
crisis, acute myocardial infarction, and ventricular ar-
thythmias. The lethal effect of cocaine is unique among
those of other illicit drugs because it is related not only
to dose but also to cocaine’s propensity to cause hyper-
thermia, Although fatal cocaine overdose typically is as-
sociated with high blood cocaine levels (3 to 6 mg/L)
(1), cocaine-relared deaths can also occur when hyper-
thermia is present at blood levels 10 o 20 times lower
(2). The inurinsic thermogenic property of cocaine un-
derlies recent epidemiologic data indicating that mortal-
ity rates for cocaine overdose increase substantially in
hot weather (3). This temperature-dependent increase in
mortality rates is specific (0 cocaine and is not seen with
opiares or other illicit drugs. These clinical observations
are bolstered by experiments in dogs demonstrating that
cocaine-induced death can be climinated by multiple
strategies that prevent hyperthermia (4). In humans,
however, the underlying mechanisms mediating co-
caine-induced hyperthennia are poorly understood.
The hyperthermic properties of cocaine have been

auributed largely to a hypermetabolic state (agitation
with increased locomotor activiry) that increases heat
production (5). Indeed, cocaine-induced hyperthermia
has been likened to two other syndromes, neuroleptic
malignant syndrome and malignant hyperthermia, that
are characterized by hyperpyrexia, delirium, tachycardia,
and clevated blood pressure (6, 7). In both of those
syndromes, excessive heat production due to involuntary
muscle contraction is sufficient to raise body tempera-
ture even in a cool environment (for example, an oper-
ating room). [n contrast, cocaine-induced hyperthermia
is seen primarily in the setting of high ambient temper-
atures, We therefore hypothesized that, in addition to
increased heat production, impaired heat dissipation
is another important mechanism contributing to the
hyperthermic properties of cocaine.

When body temperature increases above thermoreg-
ulatory sec points, heat dissipation depends on both au-
tonomic and behavioral adjustments. The major auto-
nomic adjustments include activation of sympatheric
cholinergic fibers that leads to sweating and cutaneous
vasodilation (8). The behavioral adjustments are

© 2002 American Caftoge of Physicians-Ameriean Society of Inemal Medicine ' 788

ARTICLE | Cocaine and Body Temperarurs Regulation

Context

The cause of hyperthermia in cocaine abuse is not well
understood. Both excess heat generation and defective
heat dissipation are potential causes of fatal hyperthemia.

Contribution

Nasal administration of cocaine causes greater increase in
core body temperature, decrease in heat perception, and
greater impairment of sweating and skin blood flow com
pared with nasal lidocaine administration.

Implications

Excessive heat production, impaired heat dissipation, and
alteration of behavioral responses to Increased body tem
perature may lead to fatal hyperthermia in cocaine abus
ers.

~The Editors

prompted by thermal discomfort and include heat
avoidance and external cooling. In humans, these simple
behavioral responses can be more important than auto
nomic adjustments in maintaining normal body temper
ature during heat stress (9).

We sought to test the effect of cocaine on thermo
regulatory adjustments in humans. Because cocaine has
a profound influence on both cardiovascular and cogni
tive function, we conducted a randomized, placebo con
tralled study to assess the effeces of a low, noncuphoric
dose of intranasal cocaine on autonomic and behavioral
thermoregulation in healthy cocaine naive volunteers,

MeTHODS
Particlpants

We studied 7 healthy male and female volunteers
who ranged in age from 23 to 37 years. The Institu
tional Review Board of the University of Texas South
western Medical Center at Dallas, Texas, approved the
protocol, and all volunteers provided written informed
consent. All participants were normotensive and had no
history of cardiovascular disease, cocaine abuse, or other
recreational drug use. No participant was taking pre
scription or nonprescription drugs with cardiovascular
or autonomic effects. Participants refrained from smok
ing cigarectes or drinking alcohol or caffeine containing
beverages for at least 12 hours before the experiment.

7!6'4 June 1001|Amuh of Internal Medidne [ Veolume 136 » Number 11

Measurements

Internal temperature was measured by using a ther
mistor placed in the esophagus at a depth equal 1o 25%
of each participant’s standing height, and skin tempera
ture was measured from the weighted electrical average
of six thermocouples atcached to the skin. Each partici
pant wore a tube lined suit that controlled skin temper
ature by changing the temperature of the water perfus
ing the suit. The suit covered the entire body surface
with the exception of the head, arms, and feet. We as
sessed skin blood flow from each participant’s forearm
during heat stress. The water perfused suit did not cover
the forearm where skin blood flow measurements were
obtained; thus, any change in skin blood flow during
heat stress was not directly related to mechanisms asso
ciated with local heating, Skin blood Row was measured
by using multifiber laser Doppler flowmeter (Perimed,
North Royalten, Ohio). Heart rate was obtained from
the electrocardiogram by using a cardiotachometer
(CWE, Inc., Ardmore, Pennsylvania), and blood pres
sure was obtained by using the oscillometric technique
(Welch Allyn, Beaverton, Oregon). Mean arterial blood
pressure was calculated as one third of the pulse pressure
plus diastolic blood pressure. Cutaneous vascular con
ductance, which is the reciprocal of vascular resistance,
was calculated from the ratio of the laser Doppler signal
to mean arterial pressure.

Forearm sweat rate was measured continuously with
the ventilated capsule method, in which a capsule with a
window of 2.8 cm? is attached to the surface of the skin.
Nitrogen gas is perfused through the capsule at a fixed
rate, and as the person begins to sweat, the water on the
skin evaporates through the window into the nitrogen
gas. The humidity of the efluent nitrogen gas is quan
tified through a humidity detector “downstream” from
the capsule. The sweat rate is then calculated from the
humidicy, temperature, and flow of the nitrogen gas.
Throughout the heat stress, participants rated thermal
sensation by using a standardized 9 point thermal com
fort scale ranging from 4.0 (neutral) to 8.0 (unbearably
hot) at increments of 0.5 (10).

Experimental Protocol

All experiments were conducted with the pardici
pants in a supine position. In a randomized, double
blind, crossover trial, each participant was exposed to
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whole body heating afeer receiving intranasal cocaine

[

Cocaine and Body Temperture Regulation | ARTICLE

participants and to their experimental conditions (lido

hydrochloride (2 mg/kg of body weight, 10% solution) 8 caine or cocaine).

or lidocaine hydrochloride (2 mg/kg, 10% solution). Li ‘g

docaine was used as an internal control for the local = Statistical Analysls ’E s
eshol

anesthetic property of cocaine (11). The experiments
were conducted on 2 separate days, at the same time of
day, 3 to 6 days apart. The dose of cocaine administered
is half the standard dose administered for rhinolaryngo

logic procedures (12). The heat stress test was performed
by perfusing the tube lined suit with water at 46 °C, To
assess maximal vasadilaror responses, a heater surround

ing the laser Doppler flow probe was used on comple

tion of the heat stress to increase local skin temperacure
to 42 °C for 30 minutes. Heating the skin at this tem

perarure and duration elicits maximal cutaneous vasodi

larion (13). Skin blood Aow during the final minutes of
this 30 minute procedure was averaged, and maximal
cutaneous vascular conductance was then calculated
from the rario of that value and mean arterial blood
pressure. Values for cutaneous vascular conductance
were then normalized to percentages of maximum for
that site (13).

Data Collection

Temperarures, skin blood Aow, and sweat rate data
were sampled at 50 Hz (Biopac, Santa Barbara, Califor
nia). The electrocardiogram was sampled by a cardio
tachometer at 1000 Hz, using a multichannel digital
data recorder (CWE, Inc.). These values were reduced
to 20 second averages before statistical analysis. When
cutaneous vascular conductance and sweat rate are plot
ted relative to esophageal temperature, two important
variables can be identified to assess thermoregulatory
function (14): the esophageal temperature threshold at
which cutaneous vasodilation and sweating begin, and
the slope of the line relating progressive elevations in
cutaneous vascular conductance and sweating to increas
ing esophageal temperature. Esophageal temperature
thresholds at which cutaneous vascular conductance and
sweat rate began to increase were identified from indi
vidual plots of esophageal temperature versus cutaneous
vascular conductance and esophageal temperature versus
sweat rate. These points were selected as the internal
temperatures at which pronounced and sustained in
creases in cutaneous vascular conductance and sweating
were evident during rthe heating procedure. The investi
gator identifying these thresholds was blinded to the

worw.annals.arg
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Statistical comparisons of temperature thr
m during cocaine and lidocaine administration
‘were performed by using the paired ¢ test. Differences in
responses (internal temperature, skin temperature, cuta
neous vascular conductance, and sweac rate) during co
caine and lidocaine administration throughout the heat
stress were stadstically analyzed by using two way
repeated measures analysis of variance (SigmaStac 2.0,
SPSS Science, Chicago, Illinois). Treatment order was
also assessed in the models, and no effect of treatment
order on any outcome variables was found. The effects
of cocaine on thermal sensation were sta(istma_
lyzed by comparingthe internal temperature at_each

perceived Eca(ing scorc between 5.0 and 7.5 using
Eaircd ¢ tests. All values are reported as the mean (*SE),
and the a level for all statistical analyses was sec at 0.05.

Role of the Funding Sources

The funding sources had no role in the design, anal
ysis, or interpretation of the data or in the decision to
submit the manuscript for publication.

Resutts

Before heat stress, cocaine had no effect on esopha
geal _temperature compared with lidocaine (36.79 +
0.01 °C vs. 36.75 * 0.08 °C). However, cocaine signif
icantly increased mean arterial pressure (93 + 3 mm Hg
vs. 85 £ 3 mm Hg; P = 0.001) and heart rate (74 * 5
beats/min vs. 67 4 beats/min; 0.01). Cocaine
had no significant effect on cutaneous vascular conduc
tance before heat stress (9 * 2% of maximum wvs.
7 * 2% of maximum; P = 0.09).

Heac stress had no effect on mean arterial pressure
during cocaine or lidocaine administration (93 * 3 ©
92+ 2 mm Hg and 85 * 30 87 + 2 mm Hg, respec
tively) but significandy increased heart rate for boch
conditions (74 £ 5 to 107 * 5 beas/min and 67 * 4
to 105 * 5 beats/min, respectively). However, mean ar
terial pressure at the end of heat stress was sdill signifi
cantly higher during cocaine administration than during
lidocaine administration (92 = 2 mm Hg vs. 87 *2
mm Hg, respectively; P < 0.01), whereas heart rate did
not differ significantly between agents (107 * 5 beats/
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Figure 1. Responses of average skin temperature and
esophageal temperature to cocalne (solid lines) and
lidocaine (dotted lines) during whole body heating.

Average Skin Temperature, °C’

Time, min

180+

Esophageal Temperaturs, °C

T T
o 5 10 1 20 23 30 ko £

Time, min

Data 2re the mean (£SE). *P < 0,001 for cocaine va. lidocaine.

min vs. 105 * 5 beats/min; P> 0.2). Passive heating
yielded comparable increases in skin temperature during
both cocaine and lidocaine administration, confirming
that the external heat stress applied was identical on
boch days (Figure 1, top).

These resules represenc three major new findings.
First, comnpared with lidocaine, cocaine significandy
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augmented the progressive increase in esophageal tem
perature during heat stress (P < 0.001) (Figure I, bor
tom). Second, cocaine also significantly actenuated the
progressive increase in curapgous vascular conductance
and sweating during heac stress (Figure 2). Ac the high
est common esophageal temperature of 37.86 °C, cuta
neous vascular conductance (49 * 9% of maximum vs.
70 * 5% of maximum; P = 0.03) and sweat rare
(0.8 = 0.2 mg/em® per minute vs. 1.0 £ 0.1 mg/cm®
per minuce; P = 0.04) were significandy lower during
cocaine administration than during lidocaine adminis
tracion (Figure 2). The cocaine induced decrease in cu
taneous vasodilation and sweacing during heat stress was
related to a delay in the onset of these thermoregulatory
responses. This is evident by significant increases in the
esophageal temperature thresholds for cutancous vasodi
lation (37.37 % 0.09 °C for cocaine vs. 37.06 * 0.07 °C
for fidocaine; 2= 0.01) and sweating (37.38 = 0.09 °C
for cocaine vs. 37.07 % 0.06 °C for lidocaine; P = 0.002),
with no change in the slopes of these relationships.
Third, although cocaine augmented the progressive in
crease in esophageal temperature during heat seress, ic
paradoxically attenuated the increase in thermal discom
forc in the same participants (Figure 3). The difference
in heat perception between cocaine and lidocaine ad
ministration firsc became seatistically significant when
esophageal temperature increased abave 37.0 °C and be
came larger as esophageal temperature progressively in
creased (P < 0.05) (Figure 3).

Discussion

Although hyperthermia increases the risk for death
after cocaine administration, the underlying mecha
nisms mediating cocaine induced hyperthermia are
poorly understoad. The thermogenic properties of co
caine have been artributed largely to a hypermerabolic
state that increases heat production. In contrast to this
traditional view, our study shows that impaired heac
dissipation is another major mechanism by which co
caine eclevates body temperature in humans. When
healthy cocaine naive persons were subjected ro passive
heating, pretreatment with even a small dose of incrana
sal cocaine impaired sweating and cutaneous vasodila
rion (the major autonomic adjusunents to thermal
stress) as well as heat perceprion (the key rrigger for
behavioral adjusunents).
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Figure 2. Effects of cocalne on autonomic adjustments to
heat stress.
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Solid lines indicate cocaine; dotted lines indicate lidocaine. Daw arc the
mean (*+SE). *P < 0.0] for cocaine vs. lidocaine.

When a person experiences repeated bouts of heat
stress, the threshold temperature for the onset of sweat
ing is remarkably constant, with an average test-retest
variability of 0.09 °C (15). During the passive heating
used in our experiments, even a small dose of intranasal
cocaine elevated the threshold for both sweating and
cutaneous vasoditation by more than three times this
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value, thereby markedly augmenting the increase in core
temperature. That skin temperature increased similarly
during both cocaine and lidocaine administration indi
cates that the thermal stress was equivalent under both
conditions. In the absence of external heat stress, co
caine did not affect core temperature, suggesting that
impaired heat dissipation (rather than augmented heat
production) was the dominant mechanism underlying
cocaine’s hyperthermic properties. This pattern of co
caine induced hyperthermia after exposure to hea stress
resembles hyperthermia caused by impaired sweat gland
function in patients with hereditary ectodermal dyspla
sia (16, 17}, poisoning by muscarinic receptor antago
nist (18), or growth hormone deficiency (19). However,
the slope of the line relating increased sweating to in
creased core temperature was markedly reduced in these
conditions (16, 19) but was unaffected by cocaine in our
study, suggesting differences in pathogenetic mecha
nisms.

The precise mechanism by which cocaine impairs
cutaneous vasodilation and sweating is still unknown.
Both peripheral and cencral neural mechanisms could be
involved. For example, cocaine is thought to inhibit the
peripheral norepinephrine transporter, thereby increas
ing the norepinephrine concentration in the synaptic
dleft (20). During thermal stress, augmented a adrener
gic vasoconstrictor tone in the cutancous bed could con
tribute to the delayed onset of vasodilation. Inhibidon of

Figure 3. Effects of cocalne on thermal pecception.
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norepinephrine reuptake, however, cannot explain the de
layed onset of sweating during cocaine; sweating is reg
ulated not by noradrenergic fibers but racher by sympa
thetic cholinergic fibers (9, 21).

The most plausible explanation for this mechanism
is that cocaine induced shifts in the threshold for cuta
neous vasodilation and sweating are mediated centrally.
This notion is consistent with recent findings indicating
that cocaine acts centrally to stimulate sympathetic
vasoconstrictor drive (11). We previously showed that
under normothermic conditions, the dase of intranasal
cocaine used in the current study increases sympathetic
vasoconstrictor drive targeted to both the skeleral muscle
and cutaneous beds {11). Our current data suggest thac
cocaine produces a distinctive pattern of altered central
sympathetic outflow: augmentation of vasoconstrictor
pathways accompanied by attenuation of active vaso
dilator and sudomotor pathways. This unique property
of cocaine is not shared by other sympathomimetic
drugs, such as methamphetamine and ephedrine, which
cause hyperthermia mainly by increasing skeletal muscle
metabolism and thermogenesis {22, 23).

In our current study, cocaine impaired the percep
tion of heat stress; this is the most clear cut evidence
that cocaine acts centrally to alter thermoregulatory re
sponses. This impairmenc was dramatic: Participants ex
perienced less thermal discomfort with cocaine even
though core temperature was higher than with lidocaine.
We should emphasize, however, that this effect was ob
served with a very low dose of cocaine that did not
produce euphoria (11). Larger doses of cocaine that pro
duce intoxication, agitation, and increased locomotor
activity would be expected to increase heat production,
thereby compounding the hyperthermic effects of im
paired heat dissipation. Furthermore, impaired heat per
ception would impair behavioral responses to hyperther
mia, such as seeking a cooler environment or adjusting
the thermostat on the air conditioner. In humans, these
behavioral responses have the most powerful thermoreg
ulatory effects (9).

We speculate that when recreational doses of co
caine are taken in a warm environment, such as in hot
weather, in crowded nightclubs, at at “rave parties,” the
hyperthermic effects of the drug will be greatly amplified
(6, 24, 25). Because our study was performed only in
cocaine naive, healthy persons, the results may not be
applicable to persons with long term cocaine use. How

1so|4 Jure 1m1{.4.m1. of truesmal mdzdm‘v.,a“m 136« Mumber 1

ever, long term exposure to cocaine does noc produce
tolerance to cocaine induced hyperthermia in rodents
and can even produce “reverse tolerance,” an augmentced
response (26-28). Although pur findings provide a new
explanation for cocaine induced hyperthermia at the
organ systems level, the cellular and molecular mecha
nisms are unknown. Elucidating the precise molecular
mechanisms of cocaine induced hyperthermia could
lead to identification of new drug targets that may re
duce cocaine related deaths.
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(41,4) Thyroxine treatnent in patients with symptoms of
hypothyroidism but thyroid function tests within the
reference range: randomised double blind placebo
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controlled crossover trial
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Abstract

Objectives To determine whether thyroxine
weatment is ellective in patients with symptoms of
hypothyroidism but with thyroid function teats within
the reference range, and (o investigaie the cifect of
thyruxine (rcaunent on paychological and phyaical
wellbeing in healthy participants

Design Randumised double blind placebo controlled
crossoven frial

Setting Outpatient clinic in a general hosphal,
Participants 23 patients with symptoms of
hypothyroidism who had ihyroid function tests within
tha reference range, and 19 controls.

Methods Participants weie given thyroxine 100 pg or
Pplacebu to take once a day for 12 weeks Washout
period was six weeks, They were then given the other
(0 take once a day for 12 wecks All participants were
assessed physiologically and psychologically at
Laseline and on compledon ol each phase.

Main outcome measures Thyroid function rests,
measures of cognitive unction and of psychological
and physlul wellbeing.

Results 22 patients and 19 healthy controls
completed the study. Atbascline, patients’ scores on 9
out of 15 psychological measures were impaired
when compared with conirols. Patients showed a
signilicantly gr-eaier response to placebo than controls
in 3 out ol 15 psychological measures. Healthy
participants had significantly lower scores for vitality
when tuking thyroxine compared 1o placebo (mean
(D) 60 (17) v 73 (16), P <0.01). Towever, patiems’
scores from psychological tests when taking thyroxine
re no dilferent [rom those when taking placebo
except for a poorer performance on one visual
reproduction rest when taking thyroxine. Serum
cuncentrations of free thyroxine increased and those
of thyroid stimulsting hormone decreased in patients
and contvols while they were 1aking thyroxine,
confivming compliance with wearment, Although
serum concentrations of free friiodothyronine
increased in patients and conmols taking thyroxine,
the difference becween the response to placebo and to
thvroxine was signiticant only in the controls.
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Conclusions Thyroxine was no more effective than
placebo in improving cognitive function and
paychological wellbeing in patients with symptoms of
hypothyroidism but thyroid function tens within the
reference ranyge. Thyruxine did not improve cognitive
lunciion and psychological wellbeiny in healthy
participants.

Introduction

The dlassic symptoms ol hypothyroidism are wide rang-
ing and non-spedifi, therefore biochemical 1eating has
become the cornersione of diagnosis in patients for
whom there is a clinical suspicion of thyroid dysfunction.
However, recent ancedotal evidence has sugyested there
may be some clinical benefit in yiving thyroxine
patients with symptoms of hypathyroidism who have
thyroid function tests within the reference range.’” Afier
a series ol reports in vur local newspaper sugyesting that
such patients benefited Fom thyroxine therapy we
treated nvo patients empirieally with thyroxine, and they
both reported symptomatic refiel.!

To investigate this turther, we conducted a double
blind placebo contrulled crossover mrial of thytoxine in
patients who had symptoms of hypothyroidism but
whose thyroid function tests were within the reference
range. A group of controls, who were similar in age and
1ex to the patient yroup, took part in a paralle! aial.
The same protocol was used for controls and patients
to iest the clinical befiel that thyroxine wreatment would
have an elfect on wellbeing even in participants
without symptoms of hypothyroidism. We assessed

response 1o (hyroxine by using a bauery of

biochiemical, physical, and psychological tests

Methods

Parficipants

Patients were required 1o have had ai leasi three of the
lollowing symptoms [ur six months: liredness, lethargy,
weight guin or inahility to lose weight, inolerance o
cold, hair loss, or dry skin or haiv. We reauiied patients
cither by relerral fiom their general praciitioner or
hospital clinician, or through an article, published ina
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local nawspapar, which deseribed the nisl wwd ashed
fur voluntesrs. Controle were healthy walunteets
recruited by pessunal conmet with die investiators, All
participunis were requited 1u huve no carrent medieal
disorder, no history of thyrold discase, and recent thy-
rold funciion tests within the reference range.

Because of limited resources, the number ul
patients was restricted o the firat 25 who met the arite-
ria. Three patiets withdicw at an early stage: one was
anxious about the thyroxine dosage, one was ill, and
the third failed to aitend fur unknown reasons. We did
not enter one interviewed palient ino the siudy
because she was unwilling to have a thyrotrophin
releasing hormnone tesi. Unfortunaiely, we were unable
to recuuit sullicient controlt w match the patients
srricily for age and sex. However, the conirol group was
similar tu the patient group (see table A on the BM/'
website). No controls were ineligible and all completed
the study. The local ethical committee appruved the
study and we obtained informed consent from all
participants.

Study protocol

The study was a randomised double blind placebo
connulled aossover rial. The two treatment periods of
twelve weeks each were scparated by a washout period

of six weeks. Half of the participants were given thytox-
inc for the first reatment period and placebo for the

<8
nd. The first
n—'_TOO-p'E c
10 ps ‘ableis were supplicd Tn” cach™case a visually

phacoby waa usetd A 14 week supply of iablers,

taken unce n dlay, wan pravided (v ancly pluse

lml particlpants were ushed to bring the temaining
tuhlets to thel asseannent to sasean compthinme,

Randumisation waua by tons of @ cobs in batehes of

asseasmen

e
sequence yroups. o ol ihe ents who withdvew
Ezd_tgsgrlul_FLﬂ Iu—hc'Tl)_ux he-placeba groap The

code was broken (o twa investigaton s (MAP and KND)
afier each panicipant had completed the riol.

Evaluation
Serum thyveid siimufating hormone, tiee thyrosine,
free oriioduihyronine, clinlesterol, and prulaciin were
measurcd at each vislt. At baseline, serum fervitin and
antithyroid peraxidase antibodies were nicasured and
a thyrotrophin releasing iormone test was performerl.
FPhysiological and psychological ussessments were per-
formed at baseline and on completion of each phiase.

At the end ol the trial participanus were asked
identily which treatment they thought they hud
reccived in each phase.

Biochemical measurements

Serum thyroid stimulating hormone, free ihyroxine,
cholesterol, and proluctin were analysed at the time the
blood was collected. All blood samples were stored at
~80°C and free niludothyronine, fertitin, and antithy-
1oid peroxdase antibodies were analysed in single
batches (o minimise buerassay vaiaion Serim
thyroid siimulaling hormone, fee thyroxine, fice
miioduthyronine, prolactin, and [evitin were meusured
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— by fluorescent microparticle enhanced immunoassay
Table 1 Response to thyroxina of 22 patients with symptoms of hypathyroidism bul {Abbott Laboratories Lid, Maidenhead, UK). An incre-
thyroid function leals within tha ulmm:: fnge. Values are mean (SD) unlsss ment in thyroid stimulating hormone of >25 mUA
otherwiss stated constituted an abnormal vesult in the thyrovephin

. Ajustod difteruncet releasing hormone test. Antithyruid peroxidase anti-
Osteoms Thyosine  Piscsbe 6% &) _Evint bodies were measured by a sulid phase chemilumines-
LDl _— cent enzyme inununoassay (DPC, Llanberis, UK).
Thyd sfimuating hormons (nlie) 086 077) V77 (121) A7 (17610 05) Q00U v 0 P ) on a multichannel diserere
Frae thyroxin pmot) 1795303 1BQAY) 4750267088} <0001°" h . .
Fron (pmolh) Tizem 35 Es) 0n enwasy  onr | Analyser (Olympus Diagnosiica Hamburg, Germuny)
Cholasterol {mmolf) BN (1) 81125 0054027103  a7as | B AC ol oxidase method (Randox Laborato-
Profactin (miin) 0 (155 07 (33 <37 (~188 o 118) 'jﬁl ries Lid, Co. Antrim, UK). Interassay coeflicients of
Clinical mesraren variation were <15% lor thyroid stimulaiing hor-
Putse (Matw/mi) [y & {18) (7w ems mune, <9 lor [ec thyruxine, <83% for fec
Bloog pressuse (mm Hg) 83 (12) 30 (12) 1{-Sto b ai57 | tritodothyronine, <G% for prolactin, and <2% for
Waight (ka} B4 (19) 83 (19) 1{-t o 0.389 cholesterol.
Sognifive tunchioning wceres T 7
Logical memary 1 BO BM . Ai-en 7| Physical and psychological evaluation
Tagical mamory 1 7 ® 20 T2103) " oess | We recorded aupine blood pressure and pulse of
Vertal paired associates | 20 (3} 18 (4) 0(-1102} 0.599 participants vsing a Criticare (CE1023, Waukesha, W1,
Verbal paired ssociates 71) 7 () o1ty a7t | USA) non-invasive blood presswic monitor afier they
Visual ] ) G -1.8 (3310 0.4) 3 had rested for Bve minuies. We measared their weight
Vigun) reproduction | e on SECA scales (T lamburg, Germany}.
Digh ferward e We ] cognitive functioning with logical
Oigits backward - 8@ — menory, verbal paired associates, visual reprocduction,
Traik mating tast LU B L) I AL I und digit span tests from the revised Weschler niemun y
;%m';:’:m ST TR scale® These tests assess attention and concennation,
visual memory, and verbal memory. Psychomnotor
WA TR EY T lig- iy ’Pc.uj' alfcmiun,land sequencing were assessed by the
Bpn ol 0 (=18 10 14) wrail making test.
T T aay Psychological  and  physical  wellbeing  were
measurcd by using two questionnaires. The haspical
 Vitaity TTTTRen T wan TSeswig] dsn | amiery and depression scale assessed emotional disor-
PeOO5. +*-P<0.00Y. D =1 der’ and the SF-36 health sarvey measured five health
TAdyusted by subjact and penod efacls.

concepts.” Two paticnts [ailed to complete one page of
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the SF-30 heulth survey, We culeulind the mining

values by tuking the mem of thelr scoren on. thelr ::::,.J“ m"::" oF 10 healhy partilpants o thyranina, Waiues are musn (80) unlens
1emaining two visits, A
Suatistical meihods Dulesma Thytoslne Placsbs (98% 1} P valvy
Baseline characteristies were summarised by means * Bathmicat movsures T
(SD) or counts and percentages as appropriate. For  Thyrold simuiuting ormony (n) 037 (0.38) 185 0.5 117 {-1 #8010 -053) 00a1"~
each variable, participants were grouped into their | Fres thyroxin pmon) 2021 (433) 1428 (500)  SHI{20210883)  0.005°
scquence group (thyroxine-placebo or placebo- | Ft tpmoi) 439103 282052  0B2@a ko 13n  0.002°"
ihyroxine) to create data summaries in relation to | Ehotesterdt gmmolny SDA(0BY) 5.2 (078 021 (0460 0,04 0.085
meatment, Frofactn {mun) 195 (71 211 (118) 14 (=73 o 46) 063
clinical measurss
Putss (baateimin) 702 75 (12) 1208 0222
Biaod pressurn (mm Hg} 7409 72 (1) I(3wd 0358
. Welght (rg} %6 (12)  67(12) ETET) 0240
“patient_treamment_dilfer Togniiive funclisning scores
_df‘/o‘l aml _5" confidence timits Logicat memory | 4 (5) 33 {6) 1{-1t0 §) 0.380
cremed. Son e yesulis were niot normally disoib: | togical mamory 1 ) 3 (6) 1(203) 0435
uted; therefore_we repeated all analyses using | Varbsf prired assochies | 00 2 (3) -1 Q 0.128
non-parametric tests and rank data. Vartal paired ngsociates i 71 74y 0-1100) 0413
The placebo eflect was  calculaied by using | Visul [ 35 (4) 36 (2) 08 (-181003) 0148
participants who received placebo as their Grst | Vewtsprodudionh (@) EiT) =L (2
weannent. We calculuted changes from baseline by { Digi forward 1o @ 0@ Otthoit 0505
subnacting the haseline value from placebo 1 Dights backward 3 L] LAGACL] 03
Trall maing tast 57 09) 54 (12) 109 0368
[ Tunclioning sceres
Results Hospin! ety and vprasaion scale 97} qo) 2@ 105} [
Baseline measures SF-35 bealtn survey:
All participants had thyroid function results within the | ot motiansl_ B2 (28) LU A < L} L
reference range, with the exception of one patient who Physical functonig L} £ 00) 83 9515
had  concentration of thyroid stimulating hormone of | . At etysal nEn W% -0(2sks | onk
5.8 MU/ (see uble A on BMJ's website). Concentra- :'l:,'m"' L :‘(::; gt:‘;: — ::;::2) e
tions of the hormone in {his patient, however, normal- T -
ised to 45 mU/1 when taking placebo. OWET | e by subiect an gafod aiect,
biochemical tests for the same patient were within the 4 ————~
reference range. Three  pariicipants—the  patient . X
described above, one control, and one padent why  T7sicol kealth and prychological measures .
failed 10 complere the siudy—had exaggerated We compared the fiaﬂcrer,c.es in the scores at ba:c!xn:
vespunses to thyrotrophin reteasing hormone and  2nd alter placebu in participants taking placebo firs
vaised concentiations of antithyroid pesoxidase ang. 1W€¢  padents showed a significant symptomatic
bodies (range 262-1656 U/ml). One patient and one  \MPYovement in the general health, role physical, and
conmrol had raised concentrations of antithyroid ~ ospital amxely and depression scale scores ater
peroxidase antibodies {211 U/mland 76 U/ml respec.  Pacbo, compased with healthy panicipant (mean
tively) but normal thyrotrophin releasing hormone (95% confidence inerval) 8 (2 0 15) v ~8 (- 14 to
yesponses. ~3),25 (410 46) v -9 (—?2 w13),and ~7(-1110
Patients' scores on psychological testing were signi6- -Hr-1 (’_? 1 D), respectively; '.‘l_’l‘ 3). W.e observed
cunily impaired for logical memory 1and I nail making ™ changes in measures of cognitive function. .Thm
test, hospital anxiety and depression scale, and all W N0 placebu effect with regard to psychological or
components of the SF-36 health survey in comparison ~ CO¥MIOve h‘"cu"“"cu"’ for the controls (table 3.
10 healihy participants (sce table B on BA{/'s website). In the comparison of the response 1o thyroxine or
) placebu, the only dilference in cognitive function tests
Response to thyroxine or placebo was in the patient group, which showed 2 significant
Hiochemical measures improvement in visual reproduction ] scuve with
In burh groups the serum concentrations of thyroid  P1acebw (32 (6) v 30 (7), P = 0.016; 1able 1). The difler-
siimulating hormone decrcased and free thyroxine ~ €Nce was less significant on non-parametric analysis
increased in response to thyroxine, contirming compli- (= 0033) and was not replicated in the delayed recall
ance with treannent, Although free uiiodothyronine '€ Which sugyests that the linding may be spurivos.
concenmation inereased in hoth groups when partici- N0 other tesis of cognitive or psychulogical function
pants were taking th ine, the dill b the Showed dillerences (table ]).. Thc vilality score }ur the
response to placebo and the respanse 1o thyroxine was healthy connol group was !lg!l’nhanlly beuer \\:uh pla-
only significant in Ui healthy group (tables 1 and 2).  ceho compared with thyroxine (73 (16) v 60 (17),
This finding was replicated by non-paramenic analysis P=0.007, table 2 ), but otherwise no differences were
of the data, The 1esponse (0 thyroxine in patients with  “Pserved:
positive autoantibodies o abnormal  thyrotrophin
releasing hormone responses did nos ditler from that  Clinical measures
in other participants; numbers were two small for  No signilicant changes occurred in patients with
derailed analysis. No other significant biochemical — respect (o bluod pressuve, pulse vate, ov weight during
changes weie observed. the study.
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Tahlo 3 ftsct of placaba whan givan first for palienis wilh symptome of hypethyroldizm bui Ihyteld function Jasts within the
s mean or mean diersnos (8% confidence Intervals)

retarence range snd conlrois. Valus,
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Weght fkg) 5 85 EYETEN
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Physical Funclioning [ 50 1 (70 23)
Rolt physed s 3 25 A )
o hralth a0 El (210 15
ity 20 a7 16 (4 1o 35)
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At the end of the study neither group was able to
identify accurately which treatrment period was thyrox-
ine or placebo (1able ).

Discussion

This is the first randomised double blind placebo con-
nolled nial of thyroxine treaiment i patients who
have symptoms of hypothyroidism but are biochenii-
cally enthyroid.

Biochemical results

Compliance was confirmed in both roups by the rise
in frec thyroxine and fall in thyroid simalaing
‘hormone while participants were taking thyroxine. The
lack of significant ingease in free niivdothyronine in
patients 1aking thyvoxine might reflect impairment of
the peripheral conversion of thproxine w niiodothyro-
nine. Although this Bnding requives funher investiga-
tion, anecdotal evidence suggests that patients could
benetil trom thyoxine weaiment alone!

Comparison of thy and placebo

Paychological resiing showed thar parients dillered
from the controls at baseline. Cognitively, they scored
worse on immediate and delayed verbal recall and had

slower motor movements. They also  perceived
themselves to have poorer general health, more
fatigue, inaeased problems with routine tasks and
activities related 10 work, and higher levels of anxicty
and depression, These Bndings may be consistent with
a depressive illness, although no formal assessment
was peiformed.

Controls showed no signiicant changes in paycho-
Jogical mcasvremenis after nemment with e
thytoxine or placebo. This suggests that, conrary 1o
widespread belief, thyroxine does not have a nuon-
specific eflect on wellbeing. In the participants who
received placebuo first, paticnts showed a small but siy-
nificant improvement in general heakh, physical
wellbeing, anel anxiety and depression alier placeho
when compared with baseline. Thyruxine treatment,
however, had no yreater eflect thun placebo in rhis
¥roup of patients, This contrasts with previous studies
in biochemically hypothyroid paiiesus, where thyrox-
ine eatment was associited with psychological
improvement.""*

Numbers in the study

The small number of paiticipants in this preliminary
study means that, althoogh there was no signilicin dit-
ference hetween placeho and thyroxine in 13 althe 14

Table 4 Participants' abilty to distinguish between thyroxine and
placsbo at end of trial

Fatient group Cantrol yronp

well vafidated psychological tests, the power of the
study may not have been suflicient o eiminate defini-
tively 2 possible biolugical effeat of thyroxine. 1 this
waus the case we would have expected 1o sec a trend in
o of thyroxine over plicebo in the 1est 1csuhs,
especially as a recent open intervention swdy of
thyroxine (mean dose 125 pyr daily) veported sell
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oo ! parforming Ui llmlamll-dnn wel yupnln' e caprules, Wy

' thank Geld g the placebo
Recent anvedntal zerounts sugyent that patlents whiets
with symploms of iypothyroldism but who are Conurbutars: MAF concelved the study and coordinated the
biochemically cuthyrold may henefit fiom laboratory component  MAP, EHMcL, CIGK and KMD
Uyyroxine treatment designed the srucly. KMD and KM chase the cognitive function

testa and questotnalres, and KM tested all participants. AS
wordinated alt conlact with the smdy participanis and
undertook the clinical assessmeat of the partdpants at each
visiL ADMcM performed the statistical analysis and pravided
further statistical advice. All authors were involved in writng the
paper, with MAP providing coordinstion. EHMcL §s guarantor
Tt sruch s that thyroxine i for the study.
13 studly suggests that thyroxme 1s no mare Funding: MAP reccived a sgentific development scholarship
effective than placcbo in improving psycholoyical frotn the Assodation of Clinical Biocherists
and physical wellbeing in patiencs who show Competing interests: None declared
symptoms of being dlinically hypathyroid but
whose (hyroid function tests are widiin the Skinner GRB, Thamas R Taylor M, Sellarajah M, Boh 5, Krete 5, ¢t .
reference range Thyrosinie shoukl be aied [rpih rzlly Iypotioid, but biochemically
- - euthyroid padents. B 1997,314:170:
- - Wliym G. Distinguishing liypathyyoid eym) lnml from common
Thyroxine replacement did not improve on. apeciBic complaia s d.'mnmnh;] ToTaTeR
prycholagical and physical wellbeing in healthy Holines, Diana. Tomrs brkid rinsnd dovm. Londan: \nn. 1998
N Mcluren EH, Kelly CJG, Pollock MA. Trtal af thyraxine treatment for bio-
participants chemiaally md?‘nnd ‘paticnts has been approved. 23 1007:315:1463,
Wechikr D, YWoly mmmy imitrid monual Sm Anconio:
Prychaloglcal Corporarion, 1987,
Reltan AM. A rescarch programeme on the prychologial effects of brain

No controlled arials in this area have been
reported

«

-

2

assessed improvements in enengy and poor memory in Yesiaru tn twman beingy. in: Elis NR, ed. hirmationsl rndrw of rearch in
i B N memind rriardation, New York: Enevler, 1966,

80% of 189 participanis” Our study showed no 5 Zot B T op T \onpiat ameiery and depresion acle. Ada
discernible trend (tahle 1). Prychiner Srand 1953:87:361-70,

B Warc JE. SF3 Aenh rurvey: manunl ond iuterprrtasion pulds. Health Insti.

i tute: New Engtand Medical Cenere, 1997,

Conclusion R 3 ianer G313, Poinir D Komad A Dodes JA Bz | Clnica
We an lind no support for the liypothesis that people sesponse
with symptoms ol hypothyroidism but thyreid function curlyroid paena.] N-HE'I""l Mod T000,10:115-24,

A P 16 Beekwidh BC, Tucker DM, Thyrod dbeorders. In: Tuver RE, Van Thiel DH,
tests within the yeference range benefit from treatment Edwards KL, eds. Andicr! naisopayrholegy: the impud of disrasr on brkmsiona:
with 100 pg thyroxine daily. However, our results PD': Yn;L:'rw"-h;;- Egkfm 1C. Robbbu ), Rebinow DR

. PO 1} Denico jolic XY, nan MC, Robbbu ), Rubinow DR.
vequire confirmalion in 2 larger study. The improve- Nmu,..ya.i.n"k maifestarions of altered dyrod i J Prychints

ment noted anecdotally and in open studies may be 1990;147:94-9.

e i . 12 Omerwed D, Synéutko X, Cuhen SN. Cognidve Rinction in non-
due to the placebo eflect shown in our study. dememed clder. aduks with by o A G Sor
1992;40:328.35.
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A patient who changed wy practice
“That’s very nice, but will it get me pregnant?”

I have 10 confess, T didn't understand the question at the time. A information. However helpful our internet service was intended
year later, | am starting ta [ was an eager new general practitioner  to be, she didn't want that kind of help Neither, it seems, did

and member of a research team Investigating how the internet many of our 13 000 patienty, only nine of whom used the internet
might influence patients’ use of primary care, and we had just service in the three months before we clased ic (All but one of the
begun offering frev: inlernel access at our deprived inner city nine were well educated, had good jobs, and had already used the
practice. 1 had fitled the waiting room with posters adverting the  internet—not representative of residents of inner city

wrvice, and 3 member of aff was on hand to guide newcomers Manchester.)

Uirough the web. With our new PC and a aup of collee, we would Since hiy rather awkward encounter, ] have noticed that many
help patients empovwer themselves with the information they'd of my assumptions about what my palients want are equslly

Deen waiting for. mistaken. Very few want information fom me. Many don’t even

The patients recent blood tests for infertility had indicated that g 3 prescription: they want maney, urajal: or an escape from
shie had polycysie ovary !)Mﬂ_"m- and she had come for her treir often appalling lives 1 think the internet is a valuable source
follow up apy |  the likely of patient infe but I've heen remi of a maxim
she might use aur imek s 1o i e b drummed into me by the first consutant who taught me dinical
informution, and offcred to demonstrate what was available. medicine: “Assume nothing about your patienti—check
Coing straight 10 @ websile that T knew had some excellent patient everything, every time*
infurmation on the syndrome, I briefly lked her through it and Our researth group is conducting a questionnaire and
gave her a printed copy lo take away. She and 1 had atways had a interview study to investigate the infuence of deprivation on
good rappart, 1 belleved. Now she looked disdainfully, Brst at me attitudes 1o health information and the interner Meanwhile, [
snd then at the sheets of paper I offered. “That's very nice,” she persist in Uying to perstrade my paticnts to expect a litde more
suil, “l"'_“ “ﬂ.l L ge mL',“:B‘"mo Irom me than housing letters and prescriptions. But 1 iry to

L my 1 bo ood whatthe o) e leas efore opening my mouth or offering information.

et wanterd from the consultation. She wanted o conceive
! L

Ui tic Jeast interested in explanations of wiiy she had Roben Varnam genoal pructitione; Robevt Denvbishérs Practics,
BM] VOLUME 424 20 OCTOBER 2001 inj.com 895

10 thus fur—she had come (o get a prescription, not Rushotine Health Centre, Manchester (mbert.var acuk)
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HOLESTEROL-LOWERING

reatment with 3-hydroxy-

3-methylglutaryl coenzyme A

(HMG-CoA) reductase in-
hibitors (statins) decreases cardiovas-
cular morbidity and mortality in pa-
ricnts with coronary heart disease' and
in healthy men at high risk for coro-
nary heart disease.?

The cholesterol-lowering effect of
HMG-CoA reductase inhibitors is su-
perior to that produced by different di-
clary regimens. However, dietary Lri-
als in secondary preveniion of coronary
leart discase have reported a similar re-
duction in cardiovascular morbidity and
mortality within 2 1o 3 years, as shown
by cholesterol-lowering treaiment with
statins in 5 to 6 years.>* The diets have
been characicrized by a low intake of
saturated {ats,*? an increased intake of
omega-3 fatty acids of marine® or plant*?
origin, and a high intake of legumes,
cercals, and fresh fruits and veg-
etables.”?

The favorable effects of HMG-CoA re-
ductase inhibitors on cardiovascular
morbidity and mortalitly have been
thought to be mediated mainly through
a dBcrease in serum low-density lipo-
protein cholesterol (LDL-C) and triglyc-

S98 JAMA, February 6, 2002—Vol 287, No 5 (Reprinted)

Context Limited information exists on the interaction between diet and 3-hydroxy-
3-methylgiutaryl coenzyme A reductase inhibitors (statins) and the interaction’s effect
on serum lipid and lipoprotein levels, insulin sensitivity, and circulating antioxidant vi-
tamin and provitamin levels.

Objective To evaluate the separate and combined effects of diet and simvastatin
therapy on serum levels of lipids, lipoproteins, antioxidants, and insulin,

Design, Setting, and Particlpants Randomized, controlled crossover trial con-
ducted from August 1997 to June 1998 in 120 previously untreated hypercholester-
olemic men aged 35 to 64 years who were recruited from the community in Turku,
southwestern Finland.

tnterventions After a 4- to 6-week placebo run-in period, participants were ran-
domly allocated to a habitual diet (n=60) or dietary treatment group (n=60), and each
of these groups was further randomized in a double-blind crossover fashion to receive
simvastatin (20 mg/d) or placebo, each for 12 weeks (n=30n each group). The main
goals of the dietary treatment were to reduce energy intake from saturated plus trans-
unsaturated fats to no more than 10% by replacing them partly with monounsat-
urated and polyunsaturated fats rich in omega-3 fatty acids and to increase intake of
fruits, vegetables, and dietary fiber.

Maln Outcome Measures Changes in levels of total, low-density lipoprotein (LDL),

and high-density lipoprotein (HDL) cholesterol, triglycerides, apolipoprotein B; insu-

lin; glucose, and antioxidants at week 12 of each treatment period, compared among_
the 4 groups.

Results Dietary treatment decreased levels of total cholesterol by 7.6% (P<.001),

LDL chotesterol by 10.8% {P<.001), HDL cholesterof by 4.9% (P=.01), apolipopro-

tein Bby 5.7% (P=.003), serum insulin by 14.0% (P=.02), and a-tocopherol by 3.5%

(P=.04). Simvastatin decreased levels of total cholesterol by 20.8%, LDL cholesterol

by 29.7%, triglycerides by 13.6%, apolipoprotein B by 22.4%, a-tocopherol by 16.2%,

B-carotene by 19.5%, and ubiquinoi-10 by 22.0% (P<.001 for all) and increased lev-

els of HOL cholesterol by 7.0% (P<.001) and serum insulin by 13.2% (P=.005). Glu-

cose levels remained unchanged in all groups. The effects ot dietary treatment and

simvastatin were independent and additive.

Conclusions A modified Mediterranean-type diet rich in omega-3 fatty acids effi-

ciently potentiated the cholesterol-lowering effect of simvastatin, counteracted the fast-

ing insulin-elevating etfect of simvastatin, and, unlike simvastatin, did not decrease

serum levels of B-carotene and ubiquinol-10.
JAMA. 2002;287:598-605
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erides and an Increase in serum high-
denslty lipoprotein cholesterol (HDL-C)
concentration. Effects of a modified
Mediterranean-type diet low in satu-
rated fatty acld intake and high in
omega-3 fauy acid intake may be medi-
ated mainly by faciors other than those
associated with serum lipid levels.®

Only limited inlormation exists on
the effects of HMG-CoA reductase in-
hibitors and dietary therapy on insu-
lin sensitivity, circulating antioxidant
vitamin and provitamin levels, LDL oxi-
dation, and their interactions on cir-
culating lipids and lipoproteins. Ap-
parently, no data exist on the inleraction
berween diet and drug treatment and
insulin sensitivity and antioxidants. The
aim of this study was to characterize the
effects of an HMG-CoA reductase in-
hibitor (simvastatin) and a diet low in
saturated fatty acids and enriched in
monounsaturaied and polyunsatu-
rated fauty acids (especially a-lino-
lenic acid), cereals, fruits, berries, and
vegetables on serum llpids, glucose, in-
sulin, and antioxidants.

METHODS
Subjects and Study Design

Previously untreated hypercholesterol-
emic men 35 10 64 years of age were
screened from the clients of the occu-
pational health service of 5 industrial
plants and government offices in Turku
in southwestern Finland. Subjects with
a fasting serum cholesterol concentra-
tion of at least 232 mg/dL (26.0
mmol/L) at screening were invited for
briefing about the study. After the sub-
jects had given their informed consent,
their fasting serum cholesterol, triglyc-
eride, and glucose concentrations were
measured and routine biochemical tests
were performed. An electrocardiogram
was taken, and blood pressure, weight,
and height were measured. An inter-
nist performed a physical examination
and checked questionnaires for medi-
cal history and cardiovascular symp-
toms. If fasting serum cholesterol con-
centration was beiween 232 and 309
mg/dL (6.0 and 8.0 mmol/L) and fast-
ing serum triglyceride concentration was
no higher than 266 mg/dL (3.0 mmol/

©2002 American Medical Association. All rights reserved.
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Figure 1, Study Design
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L), the subject could be included in the
study. Subjects with a body mass index
higher than 32 kg/m?, coronary artery
disease, cerebrovascular disease, clau-
dication and pharmacologically ireated
hypertension, hyperlipidemia, or dia-
beies were excluded [rom the study.
Subjects included in the siudy en-
tered first a 4- 1o 6-week open placebo
run-tn period, at the end of which they
were randomly allocated to a habitual
diel or a dietary treatment group
(FIGURE 1). In both groups, a second
randomization was performed, and the
subjects received simvastatin (20 mg/d)
or a matching placebo for 12 weeks in
a double-blind, crossover fashion. A
washout period was not inctuded, since
no period or carryover elfects were seen
in a preceding pilot study ol 20 men.
The sample size was calculated with the
assumption that a dilference of 15
mg/dL (0.4 mmol/L) in primary out-
come variables (cholesterol and LDL-C)
can be detected with B0% power and
5% type 1 error (n=88). To ensure a sul-
ficient sample size, a total of 120 sub-

jects were included in the study. All
subjects completed the study.

The study was conducted accord-
ing to the latest revision of the Decla-
ration ol Helsinki and was approved by
the Ethical Committee of the Social in-
surance Institution of Finland.

Measuraments and Analyses

Blood pressure and weight were mea-
sured, diet was recorded. physical exer-
cise frequency and intensity were deter-
mined, and 12-hour (asting blood
samples were taken beflore randomiza-
tion at the end of the placebo run-in pe-
riod (baseline) and at the end of both 12-
week drug-treaiment periods. Two blood
samples were taken | week apart at the
end of each period. All measurements
and analyses were done blinded 1o the
treatment allocation of the subject. The
serumn samples were {rozen and stored
at-70°C until assayed. The baseline and
follow-up samples were analyzed al-
ways in | analytical run. Subjects’ body
weight was measured while they wore
light clothing and no shoes, with an ac-

(Reprinted) JAMA, February 6, 2002—Vol 287, No 5 599



curacy of 0.1 kg; helght measuremenis
had an accuracy of | ¢m. Seated biood
pressure was measured by a trained nurse
with a mercury sphygmomanometer and
averaged across 2 readings. Diet was
monitored through 7-day lood records
by using household measures. The rec-
ords were analyzed by means of the Nu-
trica (Social Insurance Institution, Turku,
Finland) food and nutrient calculation
software and the databases on the nu-
trient composition of Finnish food.* Lei-
sure-time physical activity was assessed
by a questionnaire with questions about
average [requency (5-point scale: 0, >0
but <1, 1, 2, =3 rimes per week) and
intensity (4-point scale: no physical ex-
ercise, O; exercise does not cause sweai-
ing or labored breathing, 1; exercise
causes sweating and some degree of la-

bored breathing, 2; exercise causes sirong
swealing and labored breathing, 3) dur-
ing the preceding 12 weeks.

Serum cholesterol, HDL-C, and tri-
glyceride concentrations were aver-
aged across 2 [asting blood samples
iaken at a 1-week interval at the end of
each period. Concentrations were de-
termined by enzymatic methods (Merck
Diagnostica, Darmstadt, Germany).
High-density lipoprotein cholesterol
was analyzed alter the magnesium-
phosphotungstate precipitation of very
low-density lipoprotein and LDL. Ex-
cept for diene conjugation and total per-
oxy! radical trapping antioxidant poten-
tial analyses, LDL-C contenl was
estimaled by the Friedewald formula.’
Apolipoprotein Al and B concentra-
tions were determined immunoturbidi-

Table 1. Baseline Characteristics and Circulating A

Dietary Treatment and Habitual Diet Groups®

id. of Men Randomized to the

Mean (SD)
[ 1
Cheracteristics Habitual Dlet Dietary Trastment P Value
Subjects, No. 680 80
Age.y 48.4 (6.2) 48.0(6.2) .72
Weight, kg 81.48.7) 82.4 (9.3) .57
Bady mess Index. kg/m? 25.6 (2.5) 259(2.1) 40
Systolic blood pressuwre. mm Hg 126.5(14.2) 124.3 (12.4) .36
Diastolic blood pressure. mm Hg 82.7 (8.6} 81.9(8.5 .63
Current smoker, % 333 217 .15
Total cholesterol, mg/dL 259 (24) 250 {21) 04
LOL-C, mg/dL 183 (23) 175 (22) .08
HDL-C, mg/dL 43 (12) 52 (12) 12
Triglycerides, mg/dL 150 (58) 135 (56) 14
Apolipoprotein A1, mg/dL 135 (19) 137 (20) .60
Apolipoprotein B, mg/dL 139 (21) 129 (17) .01
Glucosa, mg/dL 87 (8} 97 {11) .73
Insulin, pU/mL 5.5 (2.4) 5.7 (2.6) .61
a-Tocopherol. mg/dL 1.38 {0.24) 1.37 (0.26) .53
B-Cerotene, ug/dL 68 (53) 63 (40) .14
Ascorbic acid, mg/dL 1.13(0.32) 1.08 (0.27) .46
Erythrocyta folata, ng/mL 357 (98) 385 {143) .28
Homocysteine, mg/L 1.39 (0.28) 1.42 (0.46} B0
Ubiguinol-10. umolL « 1.46(0.57) 1.48 (0.52) 77
LDL TRAP, pmoiLt 104 (26) 101 {21} .80
LDL TRAP. pmot/mmol} 24.6(5.1) 25.2 (4.8) 42
LDL diene conjugstion, pymolA_t 39.9 (10.8} 343 (11.6} 003
LDL diene conjugetion. pmol/mmott 95(2.2) 5.5 (2.4) .01
*1.0L-G indicalas Ot HDL-C, high- i L LDL TRAP, lolal per-

oxyl radical trapping polsﬂl»ll ul LDL (antioxident poteniial of unlllad LDL panicies); and LD\_ diene conjugation,
oxidation products of fatty acids in LOL particies. To converl cholasterol 1o mmolL, mulliply values by 0.0259; 1o

conven trglycerides 1o mmOVL, multiply values by 0.0113;
1 10 convert insuin 1o pmolL, muitiply vahues by 8.945
1 essad per fler of orginat sarum,
$Exprassed par milinals of isolated LOL-C.

10 convert ghucosa 1o mmol/L, muttiply valugs by 0.0555:
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metrically (Orion Diagnostics, Espoo,
Finland). Serum glucose was analyzed
enzymatically (Merck Diagnostica). Se-
rum Insulin was determined by micro-
particle enzyme immunoassay (Abbott
Laboratories, Dainabot, Tokyo, Japan).
The homeaoslasis model assessment for-
mula was used to assess insulin resis-
tance as [ollows: insulin resistance=
(fasting insulin X fasting glucose level)/
22.5." Serum a-tocopherol (the most
acttve form of vitamin E) and B-caro-
tene were analyzed simullaneously by
high-performance liquid chromatogra-
phy.? The concentration of serum ascor-
bic acid (vitamin C) was determined
spectrophotometrically. ' Erythrocyte fo-
late levels were assayed by radioimmu-
noassay (ICN Pharmaceuticals, Orange-
burg, NY). Concentrations of serum
ubiquinol-10 were measured by high-
performance liquid chromatography
with spectrophotometric detection. "’ Se-
rum homocysteine concentrations were
determined by fuorescence polariza-
lion immunoassay (Abbott Laborato-
ries, Abbout Park, 1) alter enzymatic
conversion of total homocysieine to
S-adenosyl-L-homocysteine. Serum LDL.
fraction for determinations of diene con-
Jugation and total peroxyl radical trap-
ping antioxidant potential was Isolated
with bullered heparin.'? Oxidation of
LDL was estimated by measuring spec-
trophotometrically the baseline level of
diene conjugation in LDL particles.” The
antioxidant potential of isolated LDL
samples was measured luminometri-
cally in vitro."”

Drugs

Capsules containing simvastatin or pla-
cebo were prepared in a local pharmacy
according to the European Pharmaco-
poeia. Commercially available tablets
conlaining 20 mg of simvastatin were
powdered and mixed with wheat starch.
One hundred tablets were used in each
manulacturing run. The mixture was
divided into 100 gelatin capsules with an
accuracy of 10%. Placebo capsules indis-
tinguishable from the active drug cap-
sules contained wheat starch and addi-
tives 1o guarantee the blinding. Each
patient received his or her own botde
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containing the capsules [or each study
period. Compliance with the drug treal-
ment was controlled by counting the
number of returned capsules.

Dietary Treatment

The targeted composition of the weight-
stable, modified, Mediterranean—type
diet was the [ollowing: no more than
10% energy [rom saturated and trans-
unsaturated fatty acids; cholesierol in-
take no more than 250 mg/d; omega-3
fatty acid intake of plant origin (a-
linolenic acid) and marine origin of at
least 4 g/d and the ratio ol omega-6/
omega-3 polyunsawraied fauy acids less
than 4; and increased intakes of [ruits,
vegetables, and soluble liber.

at the begtnning of the treatment and in
5 subsequent monthly group brush-up
sessions during the dietary reatment.

The subjects randomized to the ha-
bitual diet group were advised to con-
tinue eating their usual diet during the
study period.

Statistical Analysis
Baseline (end of the placebo run-in pe-
riod) comparisons between the dietary
treatment and habitual diet groups were
made with a t test for continuous vari-
ables and by a x* test for categorical vari-
ables to verily the success of the ran-
domizalion. Analysis of variance for

repeated measures of variance, with con-
trasts between baseline and simv

The subjects randomized to the di-
elary treatment were advised 1o use
leaner meat products, low-fat cheese,
skim milk, fat-[ree sour milk, and low-
fat yogurt. Fish was recommended as a
main meal once or twice a week. Rape-
seed margarine was recommended as a
replacement for butter, a mixwre of but-
ter and vegetable oils, and sunflower mar-
garine. Rapeseed margarine and oil, oal
bran (20 g/d), and [rozen berries (blue-
berry, lingonberry, or black currant at 50
g/d) were supplied [ree to study sub-
jects. The experimental diet was super-
vised by a nutritionistin 1 individual ses-
sion and in 2 group counseling sessions

or placebo treatment periods, was used
to test the significance o dietary changes
wuhln the dietary treatment and ha
groups. The' am)ysns of vari-

ance mode! was fitted separately to the

dietary treatment and habitual diet
groups, where period and carryover
ellects were tesied. Because no period or
carryover effects were observed and
baseline values affected the ouicome, re-
peated analyses of covariance with base-
line values as covariates, dietary treat-
ment and habitual diet as intersubject
factors, and placebo and simvasiatin
treatmentas intrasubject factors were in-
cluded in the linal models. Validity of the

models was evaluaied with residual
analysis. Normallty of residuals was
checked with the Shapiro-Wilk siatis-
tics and constancy of residuals by a
graphic analysis. Log or square root
transformations were applicd il neces-
sary. Because statistical inferences alter
transflormation were unchanged, raw re-
sults are reported. The association be-
tween Uriglyceride and insulin was tested
by repeated analysis of covariance with
triglyceride as the variable covariate,
baseline insulin as the lixed covariate,
drug treatment (placebo or simvasta-
tin) as the intrafactor, and dietary treat-
ment (diewary treatment or habiwal diet)
as the interfactor. Polytomous response
models were used to test changes in the
[requency and intensity of leisure-time
physical activity. The daia are given as
mean (SE) values with 95% confidence
intervals for the mean changes. One sub-
ject with a nonfasting blood sample at
baseline was not included in the analy-
ses (Figure 1). We se1 .05 as the level of
signilicance. All statistical analyses were
conducted with SAS version 6.12 (SAS
Institute, Cary, NC).

RESULTS

The baseline characteristics of sub-
jects randomized to the dietary treat-
ment or habitual diet groups are sum-
marized in TABLE 1 and TABLE 2.

Table 2. Dietary intake of Cholesterol, Fatty Acids, Fiber, Vitamin E, Ascorbic Acid, and §-Carotene”

Habltual Dlet, Mean (SD)

Dietary Treatmant, Mean (SD)

1

12-Weak 12-Waek
Variable Baseline 12-Week Plecebo Simvastatin Baseline 12-Week Placebo Simvastatin
> Cholesterol, mg/d 322 (102) 313(101) 340 (111) 298 (92) 214 (82}t 225 (74)t
Fat intake, % of total energy intaks 36.5(4.7) 36.9 (4.6) 38.1 5.8t 34.3 4.8 34.8 (5.6) 34.7 4.5)
SAFA, % of total energy intake 14.4 2.5) 14.6(2.7) 15.2 (3.6} 13.5(2.4) 93 2.1t 96201
MUFA, % of totel energy intake 12.6 (2.1} 12.6(1.9) 13.1 2.4) 11.8(1.7) 14.1 (3.0t 13.9 (2.6)1
PUFA, % of totel energy inteke 5.8(1.6) 58(1.5 53{1.6) 5.7{1.2) 8.4 {1618 8.0 (1.4}
Omega-6/omege-3 afty acid ratio 4.9(1.8) 4.9(1.6} 4.8(1.6) 4.5(1.5 2.3(0.71 3.0 (1.0}t
Linolanic acid. g/d 1.18 {0.55} 1.11 {0.54) 1,23 (0.60} 1.01 {0.35) 3 57 (1.45)t 3.57 (1.53)t
Linolic ecid, g/d 7.24 {2.449) 6.77 237 7.52 {2.88) 6.68 (2.53) 11.45 (3.59)t 11.46 (33t
Linolgnic/inolic acid ratio 0.17{0.07) 0.17 (0.05) 0.17 (0.06) 0.186 (0.05) 0.31 {0.08)}t 0.31 (0.08}1
Fiber, g/d 20.9 (6.2) 19.6 (6.1) 19.4 (6.4) 200 (6.7 27.2 (7.8}t 27.6 (7.8
Ascorbic acid. mg/d 59 (33) 60 (42) 64 (45) 62 (38) 93 (46)t 98 {46)t
Viamin E, mg/d 10.23.3 10.0(3.2) 10.0{2.9) 9.5(2.9) 14.6 {4.0)¢ 14.9 (4.3)1
B-Carotene, ug/d 2453 (1560) 1683 (1100)1 1882 (1540)8 2083 (1298) 2420 (1751) 2239 (1442)

*SAFA indicales satuated lany aclds; MUFA, monounsaturated falty acids: and PUFA. polyunsatuated latty scids,

1P<.001 compased wilh bassiine,
$P<.05 comparad wih basaine.
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Compliance with the drug reat-
nent was good: subjects in ihe dietary
and habitual diet groups took 91% to
95% of the prescribed capsules during
the placebo run-in period and the 12-
weck drug treatment.

In the dietary treatment group, mean
(SD) body weight was 82.4 (9.3) kg at
baseline and 82.7 (9.5) and 82.8 (9.2)
kg after 12 weeks' treatment with pla-
cebo and simvastalin, respectively. in
the habitual diet group, mean body
weight was81.2 (9.7), 82.1 (9.6), and
82.1 (9.8) kg at baseline and alter
placebo and simvastalin treatments,
respectively. The small weight gain
was not associated with simvastatin
or dietary treatment (analysis of co-
variance).

On average, the dietary treaiment
group achieved the predetermined ar-
get vatues (Table 2). Daily intake of cho-
lesterol [ell 10 Tess than 250 mg. The
proportion of fais in to1al energy in-
take recmained unchanged. Energy

derived from saturated fatty acids de-
creased 10 less than 10%. The percent-
ages of energy from monounsaturated
and polyunsaturated fatty acids In-
creased, reflecting decreased satu-
rated fauty acid intake and increased in-
Lake ol rapeseed oil. The mean ratio of
omega-6 to omega-3 polyunsaturated
fauty acids fell to 3 or less. The intake
of linolenic acid nearly quadrupled, and
that of linolic acid nearly doubled, re-
sulting in a 2-lold linolenic (o linolic
acid ratio. Dietary inwake of fiber, ascor-
bic acid, and vitamin E increased be-
cause of increased daily intake ol oat
bran (17 g), bread (15 g), vegetables
(6 g), fruits (1 g), and berries (46 g).
In the habitual diet group, nutrient in-
take remained virtually unchanged.

In the habitual diet and dietary treat-
ment groups, the frequency (P=.42)
and intensity (P=.58) of physical
activity did not change from baseline
during placebo and simvastatin treat-
ment.

Serum Liplds, Glucose, insulin,

and Blood Pressure

Dielary treatment decreased average se-
rum cholesierol concentration by 7.6%,
LDL-C by 10.8%, HDL-C by 4.9%, and
apolipoprotein B by 5.7% (TABLE 3).
The treatment aliso decreased insulin
levels by 14.0% and insulin resistance
by 15.1% (FIGURE 2). Serum triglycer-
ide, apolipoprotein Al, and glucose lev-
els remained unchanged.

Simvastatin treatment decreased aver-
age serum cholesterol concentration by
20.8%, triglyceride levels by 13.6%, and
apolipoprotein B levels by 22.4%. The
Lreatment increased HDL-C levels by
7.0% and apolipoprotein Al levels by
2.4% (Table 3). lralso increased insulin
levels and insulin resistance and
decreased LDL-C levels (Figure 2). Glu-
cose levels remained unchanged.

The combined effect of dietand sim-
vastatin on serum lipid, lipoprotein, glu-
cose, and insulin levels was equal to the
sum of the components (Table 3, Fig-

Table 3. Effects of Dictary Treatment and Simvastatin®

P Valuet
Mean {SE) [95% CI] | — 1
— 1 Simvastatin
Variable Dietary Treatment - Habltual Diat Slmvastatin - Placabo Dietary Effect Effect interaction
Matabolic Variables
Cholasterol. mg/dl -19 (3 [-26t0 -12] -53 (2){-58 1o -48) <.001 <.001 a7
DL-C, mg/dl -19(3){-2510-14) ~53 (2) [-57 to -49] <.001 <.001 .57
HDL-C. mg/dl -2(1){-410-04) 304 {2105 .01 <.001 55
Triglycerides. mg/dl. -1(5[-121 10} ~19 (4) [-27 10 -12] .90 <.001 45
Apalipoprotein A1, mg/dL -3(2)[-7 to 0] 3()foto6 .08 007 A2
Apolipaprotein B, mg/dL -8(2)[-1310-3 =30 {1} |-33 to0 -27] 003 <.001 .05
Fasting serum glucosa, mg/dL -05(1)[-3t01) 1{(1)[0t02) .52 14 95
Fasting plasma Insulin, pu/mlL -0.78 (0.32) [-1.42 t0 -0.15] 0.74 (0.26} {0.22 to 1.26) .02 .005 .36
HOMA IR -0.20 (0.08) [-0.37 t0 -0.04] 0.19 {0.07} {0.06 10 0.33} 02 .006 32
Circulating Variables of AntioxIdation
a-Tocopherol. mg/dL -0.05(0.02)[-0.1010 ~0.002]  -0.22{0.02) [-0.26 10 -0.19) .04 <.001 41
B-Carotene, pg/dl 5{4)[-2t012) -13(2) j-16 10 -9) .16 <.001 .07
Ascorbic acid, mg/dL 0.01 (0.03) [-0.05 10 0.08] 0.03 (0.02) [-0.02 10 0.07 65 24 .90
Erytiwocyte folale, ng/mL 3(14) [-30 to 25) 11 {8) [-5 to 27) .84 18 .80
Homocysleine, mg/L ©.04 (0.02) {-0.01 10 0.09} -0.03 {0.02) [-0.06 t0 0.01) 14 12 .66
Ubiquinol- 10, ymoVL 0.02 (0.05) (-0.08 t0 0.13] -0.32 {0.04} |-0.40 to ~0.25) .69 <.001 .16
LDL TRAP, ymol/L3 -5.0(2.1){-9.110-09] -17.3(1.4)|-20.1 10 -14.5) .02 <.001 .35
LOL TRAP. pmol/mmol§ 22(0.7)i0.8103.5) 4.3(0.5 (341053} 002 <.001 15
LDL diene conjugation, pmol/Lt -3.1(1.2)[-5.510-0.6) -59{0.6)(-7.2 10 -4.7] .01 <.001 .40
LDL diene conjugation, pmol/mmol§ 0.1(0.3)[-0.4 10 0.7} 1.2(0.2){0.8 10 1.6] 64 <.001 .89
*Clingicates confidence imerval; HOMA IR, is model of insLiin L i irapping polertia of LOL

{aniioxidart potenial of iscialad LDL parlickes); and LDL diens congation, oxidation products of farty acids In L

1in analysis of covarance with basefine values as covanates.

1ERvassac per liter of orginal sanum.

Y in; TRAP, 10tal peroxy!
DL particies. Ses foolnots lo Table 1 for

Sl comarsion equations.

§Exprassad per mikmote of isciated LOL-C.
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ure 2). For HDL-C, fasting serum Insu-
lin levels, and tnsulin resistance, theel-
fects were opposite, with simvastatin in-
creasing the levels and dietary treaiment
decreasing them. Dietary treatment
(P=.049)and adecrease in triglyceride
levels (P<.001) were associated witha
decrease in serum insulin levels (analy-
sisof covariance); simvastatin (P<.001)
was associated wilh an increase.

Neither dietary treatment nor sim-
vastatin affected blood pressure {data
not shown).

Antioxidant Vitamins, Provitamins,
and LDL Oxidation

Dietary treatment decreased serum a-to-
copherol levels by 3.5%, total peroxyl
radical trapping potential of serum LDL.
by 4.9%, and estimated actual level of
oxidized LDL in circulation (LDL diene
conjugation) by 8.3% (Table 3, Figure
2). Relative antioxidant power of LDL
preparations (LDL-TRAP/mmo! of
LDL-C) increased by 8.8%. Ascorbic acid,
B-carotene, homocysteine, ubiquinol-
10,and erythrocyte folate levels and the
relative level of oxidized LDL {(LDL diene
conjugation/mmol of LDL-C) re-
mained unchanged.

Simvaslatin treatment decreased
serum a-tocopherol levels by 16.2%,
B-carotene levels by 19.5%, ubi-
quinol-10 levels by 22.0%, and toual
peroxyl radical trapping potential of se-
rum LDL by 16.9% (Table 3, Figure 2).
Because of decreased serum LDL-C
levels, relative antioxidani power of
LDL preparations (LDL TRAP/mmol of
LDL-C) increased by 17.4%. The esti-
mated actual level of oxidized LDL in
circulation (LDL diene conjugation) de-
creased by 16.0%, but the relative jevet
of oxidized LDL (LDL diene conjuga-
tion/mmol ol LDL-C} increased by
13.1%. Simvastatin treatment did not
change serum ascorbic acid, homocys-
teine, or erythrocyte folate levels.

There were no interactions between
the effects of diet and simvastatin on lev-
els of serum a-tocopherol, ascorbic acid,
B-carotene, homocysteine, ubiquinol-
10, and erythrocyte folate and on se-
rum LDL fraction for diene conjuga-
tion and antioxidant potential (Table 3).

©2002 American Medical Assoclation. All rights reserved.
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COMMENT

The separate effects of dietary treat-
ment and simvastatin on plasma lipid
and lipoprotein levels were consisient
with published data.''*'* An impor-
tant finding was that their eflfects on
levels of lipids, lipoproteins, glucose,
insulin, a-tocopherol, ascorbic acid,
B-carotene, homocysteine, ubiquinol-
10, and erythrocyte folate and on the
indicators of LDL oxidation (LDL TRAP
and LDL diene conjugation) were inde-
pendent and additive. For example,
dietary treatment alone, simvastatin
treatment alone, and the treatments
combined lowered LDL-C levels by
11%, 30%, and 41%, respectively. The
independent and additive eflects of
dietary treatment and simvastatin on
lipoprotein levels agree with those in a
previous article reporting 5%, 27%, and
32% decreases in LDL-C in patients
treated witha National Cholestero! Edu-
cation Program Step Il diet alone, lovas-
tatin (20 mg/d) alone, or a combina-
tion.” Unlike in our study, decreased
cholesterol and saturated faity acid
intakes were accompanied by a de-
creased intake of monounsaturated fatty
acids and a decreasing trend in the
intake of polyunsaturated fatty acids.
The authors concluded that the reduc-
tion in LDL-C was small, and iis ben-
elit was possibly olfset by the observed
reduction in HDL-C.

In this study, dietary treatment de-
creased average serum cholesterol con-
centration by 19 mg/dL. (0.5 mmolL).
This effect resulied mainly from diciary
replacement of saturated [at with mono-
unsaiurated and polyunsaturated fats.
Our [inding is supported by a meta-
analysis in which replacement of 7% of
energy from saturated fat with either
monounsaturated or polyunsaturated
fats decreased total cholesterol levels by
roughly 25 mg/dL (0.65 mmol/L)."* Di-
etary intake of cholesterol decreased by
approximately 80 mg/d in the dietary
treatment group, which would de-
crease serum cholesterol levels by only
2 mg/dL (0.05 mmoV/L)."* Also, in-
creased fiber intake’s contribution to re-
duced serum cholesterol concentration
was probably limited. Accordingroare-

Figure 2. Separate and Combined EHects of
Diet and Simvastatin on LDL Cholesterol,
u-Tocopherol, B-Carotene, Ubiquinol-10,
Insulin, and Insulin Resistance

® Simvaststin Oy
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Values are adjusted mean percentage changes with
95% confidence intervals (CIs). LDL indicates low-
densily lipoprotein: HOMA iR, homeostasis model as-
sessment of insulin resistance.

cent meta-analysis, eating 20 g of oals
daily (corresponding 10 3.4 g of fiber and
0.7 g of soluble fiber) decreascs 1otal cho-
lesterol concentration in serum by 1
mg/dL (0.03 mmol/L).'"* We observed an
intake increase of 2.2 g of soluble fiber
daily in the dietary treatment group,
which would result in a decrease of ap-
proximately 3 mg/dL (0.09 mumolL) in
total cholesterol.

Another important finding was that
simvastalin treatment decreased se-
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rum concenirations of some aniioxi-
dani vilamins and provitamins. The
concentrations of a-tocopherol, B-caro-
tene, and ubiquinol-10 were Jowered by
16% 1o 22%. Despite the increased di-
etary intake of a-1ocopherol, choles-
terol-lowering dietary treatment was
associated with small decreases in se-
rum a-tocopherol levels. Dietary treat-
ment had no effects on serum B-caro-
tene and ubiquinol-10 levels.

The decreased serum ubiquinol-10
concentration during simvastatin treat-
meni agrees with findings of previous
studies.'™? Ubiquinone is a by-
product of cholesterol synthesis, and its
decrease during simvastatin treatment
may explain why the drug reduced se-
rum ubiquinol Jevels, whereas dietary
treatment did not.

In our study, LDL-C concentration
decreased by 30% and HDL-C concen-
tration increased by 7% during simva-
siatin treatment. Circulating a-tocoph-
erol is bound to lipoproteins, In men,
approximately 30% of a-tocopherol is
bound 1o HDL-C; 60%, to LDL-C." Thus,
the observed changes in seruin lipid con-
centrations are expected to resultina 16%
decrease in serum a-tocopherol concen-
tration, which also was the case.

Whether reduction in circulating
concentrations of ubiquinone, a-to-
copherol, and B-carotene would de-
crease their concentrations in human
tissues is largely unknown. According
1o an uncontrolled study,” simvasta-
tin (20 mg/d for 6 months}) did not
change ubiquinone levels in human
skeleial muscle. Whether changes in se-
rum a-tocopherol, B-carotene, and ubi-
quinone levels have any impact on
platelet function, cell proliferation, im-
mune responses, mitochondrial func-
tion, antioxidative processes other than
LDL oxidation, and clinical outcomes
has to be clarified in further studies.

In our swdy, reductions in serum
LDL anlioxidant potential during di-
elary and simvastatin treatments are in
line with changes in serum concentra-
tions of fat-soluble antioxidant vita-

ins and provitamins. However, the
relative antioxidant potential of LDL in-
creased during simvastatin and di-
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elary ireatment, mainly because of de-
creases In LDL concentrations.

The oxidized form of LDL may play a
key role in atherogenesis. Most studies
have regarded the suscepiibility of
isolated LDL 1o oxidation ex vivo as an
indicator of LDL oxidation in vivo. We
measured real end products of tipid per-
oxidation (formed diene conjugates of
isolaled LDL) in vivo 1o estimate oxida-
tion of circulating LDL. In our study, both
dietary and simvastalin treatments
decreased serum concentrations of LDL
diene conjugates. However, the forma-
tion of LDL diene conjugates relative to
LDL-C increased during simvastatin
weatment but remained unchanged dur-
ing dietary treatment, suggesting quali-
tative deterioration of LDL by simvasta-
tinbut not by dietary treatment. Recently,
an uncontrolled study® reporied that
simvastatin (20 mg/d) did not change
LDL diene formatlon ex vive when
expressed per mole of LDL. Simvastatin
increases the proportion of protein and
decreases proportions of free choles-
terol and cholesterol esters in LDL, which
may result in a change not only in the
amount but also in the composition of
LDL.? Thus, differences in measure-
ment techniquesand expression of diene
conjugation may explain the apparent dif-
ferences in our data and those of a
recently published siudy.™ Simvastatin
has been reporied to possess antioxi-
dant potential in vitro.? Our study does
notsupport that this property would have
any significant impact on circulating LDL,
possibly because of decreased concen-
trations of circulating fat-soluble anti-
oxidant vitamins and provitamins and
possibly because of preferred hepalic
uptake of native (nonoxidized) LDL com-
pared with oxidized LDL.

Dietary intervention with reduced
saturated faty acid intake and in-
creased monounsaturated and polyun-
saturated fatty acid intake decreased,
while simvastalin treatment Increased,
fasting serum insulin levels. The effecis
of the diet agree with previous data from
cross-sectional and experimental stud-
ies. Increased fasting serum insulin lev-
els and decreased insulin sensitivity have
been associaled with decreased concen-

tratlons of long-chain polyunsaturaied
faity aclds within muscle-membrane
phospholipids™ and with a decreased ra-
tio of omega-6 polyunsaturated fatty ac-
ids to saturated [aity acids in serum phos-
pholipids.? A diet low in saturated [at
and rich in monounsaturated and poly-
unsaturated [ats improves glucose 10l-
erance in healthy women.™ Fartty acid
composition of celt membranes, reflect-
ing fatty acid intake and metabolism, may
modulate insulin binding and glucose
transport.”” Polyunsaturated fatty acids
may also influence the action of insulin
by acling as precursors for the genera-
tion of second messengers such as eico-
sanoids and diacylglycerols.™

Only a [ew randomized controlled
studies, all in patients with type 2 dia-
betes mellitus, have examined the el-
fects of simvastatin on [asting serum in-
sulin levels or insulin sensitivity.™ The
results have been contradictory. Ohr-
vall and colleagues® found that simva-
statin (10 mg/d for 4 months) in-
creased fasting insulin concentrations by
21% and decreased insulin sensitivity by
28% but did not alfecy fasting triglycer-
ide concentrations. In 2 small placebo-
controlled studies, simvastatin pro-
duced nonsignificant changes in various
determinants of insulin sensitivity. ™ In
the most recent study, with 61 patients
randomized to simvastatin and 67 to pla-
cebo, simvastatin decreased insulin re-
sistance by 9%.%? Changes in insulin lev-
els were not shown. As in our study, a
decrease in serum triglyceride level was
a significant determinant for an in-
crease in insulin sensitivity. In our study,
simvastatin (20 mg/d for 12 weeks) in-
creased [asting serum insulin levels of
120 nondiabetic hypercholesterolemic
men by 13% and insulin resistance by
14%, despite concomitant [avorable el-
fects on serum Iriglyceride concentra-
tions. Although we did not measure in-
sulin sensitivity directly, the modest
increase in fasting insulin levels to-
gether with completely unchanged glu-
cose concentrations may indicate a slight
decrease in insulin sensitivity after sim-
vastatin treaiment. On the other hand,
the increase in serum insulin levels was
fully counteracted by concomitant di-
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etary treatment. Furcher studles are
needed 10 explore the mechanisms by
which simvastatin may result in in-
creased serum insulin levels.

There were some important limita-
tions in our study. We performed the
dietary treaument single-blind, since it
is impossible 10 accomplish this kind
of dietary intervention in a double-
blind fashion. To avoid the confound-
ing influence of menstrual cycle, oral
contraceplives, and estrogen replace-
ment therapy, only men were in-
cluded in this study, so the findings may
be valid only for hypercholesterol-
emic men. Only a 1 2-week study period
was long enough to show the efective-
ness of dietary and statin treatments on
the measured biochemical variables, but
feasibilily of the treatments should be
evaluated in long-term studies. Fur-
ther studies are needed to evaluate other
potential cardioprotective eflects of
separate and combined dietary and sim-
vastatin treatments notaddressed in this
study: eflects on platelet aggregation,
hemostasis, [ibrinelysis, and endothe-
lial function and the propensity for
arrhythmia,

Both simvastatin treatmentand a diet
low in saturated fat intake but en-
riched in monounsaturated and poly-
unsaturated [atly acids, including
a-linolenic acid, cereals, [ruils, ber-
ries, and vegetables, significantly al-
fected levels of serum lipids, insulin,
and antioxidants. Both simvastatin and
the diet reduced 1otal cholesterol and
LDL-C concentrations, with the eflect
ol simvastatin being 3-fold that of
dietary treatment. Simvastatin de-
creased the concentrations of 3 impor-
tant antioxidant vilamins or provita-
mins, a-tocopherol, B-carotene, and
ubiquinol-10, in seruin by 16% 10 22%,
whereas dietary treatment decreased
a-tecopherol concentration only
slightly. Diesary treatment and simva-
statin had opposite effects on [asting
serum insulin levels, which were
increased by simvastatin.

To conclude, the combination of a
modiflied Mediterranean-type diet and
statin treatment of hypercholesterol-
emia in nondiabetic men not only re-

£2002 American Medical Association. All rights reserved.

sults In a beneficial additive efiect on
lowering serum total cholesterol and
LDL-C concentration but also coun-
Leracts the elevating influence on fast-
ing Insulin level associaled with sim-
vastatin treatment. The combination is
clinically sound, and the imporiance of
diet as an integral part of statin treat-
ment of hypercholesterolemic pa-
tients should be emphasized.
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WUNNING CIRCADIAN RILYTIEMA BY MBLATONIN
IN BLIND PROPLI

RoseRT L. Sack, M.D., RicHaro W. BRaNDES, B.S., ADaM R. KENDALL, B.S., AND ALFRED J. LEwy, M.D., Pu.D.

ABSTRACT

Background Most totally btind people have circadi-
an rhythms that are “free-running” li.e., that are not
synchronized to environmental tima cues and that
oscillate on a cycle slightly longer than 24 hours).
This condition causes recurrent insomnia and daytime
sieepiness when the rhythms drift out of phase with
the normal 24-hour cycle. We investigated whether a
daily dose of melatonin could entrain their circadian
rhythms to a normal 24-hour cycle.

AMcthods We performed a crossover study involving
seven totally blind subjects wha ree-running Cir-
cadian rhythms. The Subjects were given | 1 'mg of mel-
atonin or placebo daily, one hour before their preferred
bedtime, for three to nine weeks. They were then given
the other treatment. The timing of the production of
endogenous melatonin was measured as a marker of

the circadian timé (phase), 3nd sleep was monitored
by polysomnography.

Results At base line, the subjects had free-running
circadian rhythms with distinct and predictable cy-
cles averaging 24.5 hours (range, 24.2 to 24.9). These
rhythms were unaffected by the administration of
placebo. In six of the seven subjects the rhythm was
entrained to a 24.0-hour cycle during melatonin treat-
ment (P<0.001). After entrainment, the subjects spent
less time awake after the initial onset of slaep (P=0.05)
and the efficiency of sleep was higher (P=0.06). Thres
subjects subsequently participated in a triel in which
a 10-mg dose of melatonin was given daily until en-
trainment was achieved. The dose was than reduced
to 0.5 mg per day over @ period of three months; the
entrainment persisted, even at the lowest dose.

Conclusions Administration of melatonin can en-
train circadian rhythms in most blind people who have
free-running rhythms. (N Eng! J Med 2000;343:1070-7.}

©2000, Massachusells Medical Society.

HE endogenous circadian pacemaker oscil-

lates with a period that is slightly longer

than 24 hours and that thercfore requires

synchmniza(ion, or entrainment, to the 24-
hour day. Entrainment involves regular adjustments
of the circadian pacemaker, known as phase shifts,
that depend on exposure to environmental time cues,
particularly the daily light—dark cycle.} Light cues nec-
essary for entrainment are conveyed from the retina
to the suprachiasmatic nucleus (the locus of the mam-
malian circadian pacemaker) by way of the retinohy-
pothalamic tract, 2 neural pathway that is separate
from the visual and oculomotor pathways.? In totally
blind people, light cues are unavailable, and disturb-
ances of circadian rhythms are common.*?
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Among these disturbances arc “free-running”
rhythms, which reflect the intrinsic oscillation of the
circadian pacemaker when it is not influenced by en-
vironmental time cues. Free-running rhythms are char-
acterized by a consistent delay in the timing of the
circadian cycle by as much as 60 © 70 minutes per
day and can be detected by measurement at regular
intervals of a marker rhythm, such as the daily rise
in the plasma melaronin concentration. In blind peo-
ple who have free-running rhythms, periodic symp-
toms of insomnia and daytime slecpiness commonly
occur when the circadian pacemaker and, therefore,
the circadian rhythm of sleepiness drift out of phase
with the desired time for sleeping.® These symptoms
vary considerably but can be among the most bur-
densome aspects of blindness. We. evaluated the daily
administration of melatonin as a method of entrain-
ing the circadian rhythms of totally blind people with
free-running rhythms.

METHODS
Study Deslgn

We studicd seven subjects who were totally blind, as determined
by ophthalmologic examination. They had free-running circadian
rhythms, indicated by a predictable shift in the time of the cyclic
rise in the plasma melatonin concentration, measured on three
occasions about two weeks apart. At the time of a screening as-
sessment, the subjects were in good general health and were not
taking any medications that might affect plasma melatonin con-
centrations ar sleep. Information about the study was provided to
the subjects in print, in Braille, and on an audiotape; all the subjects
gave written informed consent. The institutional review board of
the Oregon Health Sciences University approved the protocol and
the consent forms.

“This study had a crossover design, balanced according to the
order of treatment (melatonin first or placebo first). The subjects
took 10 mg of oral melatonin or placcbo nightly, approximarely
one hour before their preferred bedtime. We sclected the 10-mg
dose of melatonin because we were not able 1o document unequiv-
ocally the occurrence of entrainment in a previous, threc-week tri-
al of 5 mg.*® The timing of the circadian cycle was assessed near the
beginning, middle, and end of each trial by derermining the time
of day at which the endogenous meclatonin concentration rosc above
10 pg per milliliter (43 pmol per liter). This event has been found
1o be 2 reliable marker of the phase of the endogenous circadian
cyclelt

The optimal timing of melatonin administration was determined
with use of the melatonin phase-response curve, which describes
the relation between the time in the circadian cycle that melato-
nin is given and its effects on the circadian rhythm. Treatment was
initiated when the subject’s frec-running rhythm was approaching
a normal phase (defined as a cycle in which the rise in the plasma

[ —
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) ad war contiaed wsll Hhie dee wae progeeivd e veeur
at aboin ¥ an shan by, abanin 12 Daninn oo il p!mr (L
that tieatment had o elbeat on the phuse) Consegquemly |Inl'
platmed duration of treatment vaned anong the -u‘n]uu from
v.)lxrcc w .nm:'»‘vccks according o cach subject's free-running circa:
dian period. The subjects were asked to maintain consistent sleep
sc@wc!ulcg according to cheir preferred times for slecping. Only rh'c
principal investigator and the project manager, and not the subjects,
! nurses, or research assistants, were awarc of the treatment bein, ;
:( g]vcn. g

Apprp:umalcly three months after the initial treatment, three of
the subjects were oreated a second time with melatonin at ’a dose of
10 mg per day. After their circadian rhythms were again cntrained
the dose was gradually reduced to 0.5 mg per day, with the ain-:
of determining the minimal cffective dose ofmcla(c;nin. In two of
th:s:.[.hr:: subjects, after treatment was disconrinued, the time
’ l(.\b{}l'lch the plasma meclatonin concentration rose abnv:‘lO Pg per
] milliliter was determined cvery day or every other day for onc week
- 10 explore the possibility that melatonin treatment might produce
4 ‘_ff‘c“ on the circadian pacemaker that persist after discontinua-
tion of treatment (afrercffects).!s

Analytic-grade melatonin (administered under Investigational
.N:w Drug application 26,318} was obuined from Regis Chem-
ical (Mp_rmq Grove, I1L} and was formulated under a pharmacist’s
supervision mAg:l:rin capsules with a lactose filler. The placebo
capsules contained anly factose. The pitl containers were caded
and were labeled for the subjects in both print and Braille.

Outcome Measures

- The timing of the incrcase in endogenous melatonin praduc-
tion was determinéd as a marker of the circadian phase. To meas-
¥ ure plasma melatonin on a given day, the subjects were admirred
10 the G:r!:ra] Clinical Research Center of Oregon Health Scienc-
. es Universiry, and blood samples were obtained every hour for 24
hours. To ensure that there was no interférence from cxogenous
mclatonin, no study capsules were raken on the day of sampling or
on the preceding one or two days. Plasma melatonin concentra-
tions were m:asur:d in the core laboratory by radicimmunoassay
W![h an antibody raised in the laboratogy of Kennaway et al.! and
. with reagents supplied by American Laboratory Products (Wind-

l’jnm, NH) The lower limit of sensitivity of this assay is 1.0
per millifiter (4.3 pmol per lirer); the interassay coefficient of:valr)i%

Aty D peternt gb 0 cineEntigtion of 08 g et ivitlitee (84
pomeed powa Biwn ) Hleie anaay Dias bwvn valibaresd by pas 1 lioniang
paply pvaan apncinaibe g ' Reckt 4 Do aed o plasins mebatonlie
wieasitenwita genstated e shne ol day a which i plasiss
AL ot entration exceeded dw shierbold al 10 pg pee ol
ter. The circadian period was then devermined ar base bne amld ton
the melatonin and placebo rials by ftting a linear regression line
m'[h: times of this Increase on successive days.

The cects of treatmient on total time askeep, skeep lateney (the in-
terval between the beginning of the upportunity for sleep and ihe
onset of sleep), steep efficiency (the toral time asleep divided by the
time allowed as an opportunity for sleep), and time spent awake
after th:. onset of sleep were assessed by polysomnography per-
formed in a sleep laboratory. The subjects were allowed 10 sleep
from 10 p.m. until 6 a.m. Seven polysomnograms were recorded
for each subject; the first (obtained during the screcning assess-
ment) was used 10 rule out any primary sleep disorders and ro
accustom the subject to the sleep laboratory. Polysomnograms were
also recorded at the beginning, middle, and end of the melatonin
and placebo trials, within several days betore or after cach assess-
ment of ci(cadian phase. The time at which the plasma mchaconin
concentration was predicted to reach the threshold of 10 py per
milliliter on a specific night of polysomnographic recording was
c.xtrapol.at:d from the lincar regression line fitted to the measured
time points.

Statistical Analysls

_ Unless otherwisc stated, data are expressed as means 25D, Dif-
ferences in circadian peri d for statisti Gance
by two-sided t-tests for repiate i
qgggg@an}_bl:iaccog’lﬂg To trearment (melatonin or pI:cEt;i-)_
thy i{:_ng:_nffhg_ trial (beginning, middI¢, or end), and interaction
(a differential effect of weatment depending on the stage of the
trial) were tested for stasistical significance by analysis of variance
and by post hot Two-sided 1-tests for Tépeated hicasures. 7T

RESULTS

] The characteristics of the seven subjects are shown
in Table 1. The plasma melatonin concentrations in a
representative subject (Subject 2) are shown in Figure
1. A regression line fitted to the three time points at

TABLE 1. Cftanf(jx-:m@cs OF SEVEN BLIND SUBJECTS WITH FREE-RUNNING CIRCADIAN RHYTHMS
AT BaSE LINE AND DURING THE ADMINISTRATION OF PLACERU OR MELATONIN,

AGE AT
SussecT o'ﬁ?uw
No. SeEx AGE Causk oF BUNDNESS Bunoness
\4 yr
1 F 42 Congenital glaucoma 6
2 M 46 Trauma 31
3 M 47 Congenital glaucoma 36
4* F 50 Rerinopathy of prematurity  Birth
5 F 45 Retinopathy of prematuricy  Birth
6 M 57 Trauma 26
7 M 44 Trauma iz
Mean 5D 485

STatus oF Eves CIRCADIUN PERIOD
BASE LINE  FLACEBO  MELATUNIN
hr
Bilareral enucleation 24,2 242 240
Eyes present 243 24.3 240
Unilateral enucleation 24.4 243 240
Eyes present 245 —_ 24.0
Bilateral enucleation 24.4 243 240
Bilateral enucleation 24.6 24.5 4.0
Partial bitateral enucle- 24.9 248 24.3

ation (prostheses)
24.520.2 244202 24 0x0.1

*Complere data for the placebo wial were not obtained for
statistical analysis.

Subject 4, and hence this subject was excluded from the
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Day

whi [y the plasia nelatonin com iAo e ahave
10 py per nubliliter before treatment (it Dane line) “'. flase | i
dicates a frec-running circadian period of 24.3 hours

(i.c., a delay wn the rise in the p.l'.}snm mclarolnm con- 0
centration to >10 pg per mllllh‘rcr'by 0.1 hour p;l 2w

day). The rhythm was regular, as mdl.catc(.i y afs(;agos

ard errar in the slope of the regression line o 0 2

hour; consequently, Flm rise in this S.llbjCCl[ sj;::s:r:}[a

melatonin concentration could be accurately proj 0 o

ed (for example, the standard error of prediction tlhrcxc
weeks afier the last measurement of plasma melatc

nin was 14 minutes). During the trial of melatonin,

243

Day of Sampling

. k melatonin daily at 11 p.m., except on ) e s ——
3:;35“;2; fn[;gZ when his endogenous melatonin pro-
files were assessed. On day 38, the plasma melatonin
concentration rose above 10 pg per milliliter 3.6 ho.urs
carlier than the time predicted for 2 frcc-n‘xil?nlrslg
rhythm with a period of 24.3 hours, and on day l
it was 9.4 hours earlier (Fig. 1). Eur[hcrmon.'lc, the \
time of the rise in plasma melatonin was simi an;_f({n.
days 38 and 57, indicating that the rhythm washc ClL
tively entrained to a 24-hour cycle. During the ;daa
cebo trial, the circadian pcn{)\od \i\l'as 24.3 hours, indis ,:{

ingaishable from that at base linc. )
nn’%ﬁtl:rl\\lcs of day at which the plasma melatonin \3
/

-oncentration rose above 10 pg per miliiliter in cach
:)(;fﬁi seven subjects are shown in Figure 2. Cdo?r
plete daca for the placebo trial were not obraine d or ;
Subiject 4, and she was cons?qucr.\[ly cxc.ludcd t;’nm ;
the statistical analysis. The ctrc.admn pcnlods at as: .1
line and during the placcb9 trial were hlghly co'rrrlc
lated (r=0.95, P=0.003 for the cqr(clanon). he
mean circadian period during the trial of m;larzn:nn
was significantly different from the mean circa [1;2
period during the placebo trial (24.0x0.1 houzri o3
percent confidence in[crval‘~23.9 ro‘24.l] vs. 2 S =
0.2 hours [95 percent confidence interval, 24.

Day of Treatment

243 hr

T T T
S s :
24.6]; P<0.001), but it was not significantly differ- 6 12 18
ent from 24.0 hours (P=0.12). :

S 7
w4z

yres

| SRS

Figure 1. Plasma Melstonin Profiles in Subject 2 at Base Lina
and during the Placebo and Malatonin Trials. ‘ -
The timas of day at which tha plasma malatonin ;:loncr:aransr‘a):r;n
tllititer are show
rose abova a thrashold of 10 pg par mi i
i ines. The slopas of the regressjon 1in
circles on the dashed linas. as of t on lines
i dication of the circal
drawn between thase circles are an in : e e
i ine indicates a frae-running rhythm and
rhythm: a stanting line indical e
ical W i Tha assassment a1 ba:
vestical line an antrained rhythm. 5 Bee e
i j - ing rhythm {circ
showed that this subject had a free-runni | P
i th melatonin {1 9
iod, 24.3 hours). During treatment with ] ( )
F:kr::uddailv at 11 p.m.), the rhythm was engralned (c"cac:!land?:n
riod, 24.0 hours}; it reverted to 8 free-runnlng(rhy‘::rsr:c('r:;‘;t::1 fon
, 24 r "
iod, 24.3 hours) after malatonin treatmean d
z:;lasél) The rhythm was nat affected by ﬁlaﬁeba taksesr;ud:lllivn:;
(i i i All the ragre:
1 p.m. {circadian period, 24.3_haurs).. ¥ e s
:1avpe the same slopa, indicating 3 circadian period of 2

T

24

Hour

6

T
12

— T
18

n

24

. :oh indi-
hours, except for that during malatonin lrearman(ﬁwh|(|:‘r:elsnmr
caled'a circadian period of 24.0 hours. To cunvgn the \:‘ag
plasma melatonin to picomoles per liter, multiply by 4.3.

T Nubgecn 7, there wan o camilarive phaae il
vanee of 3 ioms duriog the tial ol melaoning e the
rhythin clearly failed to entrain 1o a 24 how cydde.
Subjecr 7 had the longest circadian period ac base
line (24.9 hours) af any of the subjects. Because the
short duration of melatonin administration in this
subject (18 days) may have accounted for the lack of
entrainment, he was subsequently given mefatonin
on an open-label basis (10 mg daily at bedtime) tor
appraximately 3 months. His plasma melatonin con-
centration rose above 10 pg per milliliter av 1:30 am.
on day 45 of this treatment and at 7:30 a.m. on day
86, indicating lack of entrainment.

Polysomnographic data are shown in Table 2. The

stage of each trial (beginning, middic, or end) had a
significant effect on the ethiciency of sleep and on
the amount ol time spent awake after the onset of
sleep, but not an total time aslecp or sleep latency.
Because the subjects had free-ruaning rhythms dur-
ing placebo administration, the circadian phase (as
retlected by the time of the increase in miclatonin pro-
duction) was progressively later as the wial proceeded.
As expected, sleep efficiency was higher (P=0.05)
and the amounr of time spent awake after the onset of
sleep was lower (P=0.02) at the beginning of the
placeba trial (when subjects’ rhythms were relatively
close to normal phase) than ar the end of the place-
bo trial (when subjects’ rthythms were 12 hours out of
phase). However, there was no effect on total time
asleep or on sleep latency.

At the end of the melatonin trial the average time
at which the plasma melatonin concentration rose
above 10 pg per milliliter was at 12:18 a.m. (8D, 1.5
hours), close to that for a normal time but delayed
as compared with 8:48 p.m. (SD, 1.3 hours), the
average time in our study of people with normal
sight)? The polysomnograms obtained at the end of
each trial showed thar less rime was spent awake af-

ter the onset of sleep during the melaconin trial than

Figura 2. Circadian Rhythms in Seven Blind Subjects with Free-
Running Circadian Rhythms at Base Line and during the Mele-
tonin and Placaba Trials.

Each data paint represents an assassment of circadian phase
as determined by the tima that endogenous plasma melatonin
concentrations rose abave the threshaid of 10 pg per milliliter.
The slopes of the fitted regression lines are indicative of the
subjects’ circadian period {(shown in hours below the regras-
sion lines for tha base line and placebo conditions). Treatment
with melatonin or placeba was begun on day 1. In the top and
middle panels, the regression lines are arranged on a relative
time scale in ascending arder so that they can be easily com-
pared. In the bottom panel, the time scale is absolute and shows
the assassmants of circadian phase and fitted regression lines
tar all seven subjects befora {dashed lines) and after {solid lines}
the malatonin trial. Traatment with melatonin resulted in entrain-
ment {a circadian period of 24.0 hours) in all but one subject
(Subject 7); on everage, the rise in plasma melatonin after en-
trainment occurrad et 12:18 a.m.
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TaBLE 2. GIRCADIAN PHASE AND [*0) YSOMNOURAPHIGC

VARIABLE PLACEBO
P
WEGINNING MIDDIE END VALUE]
Tame of nse in plasina ol
aronin 1o > 10 pg/mil
Mean 9:18 p.m. 2:06 am. 5:48 a.m.
813 (hr) 1.7 24 34
Tenab time askeep (min) 361.0+68.1 37082830 30942916
77269 222+29.6 13.7x11.0

Sheep lateney (min}
7625152 763157 628x167 008
030321 8742725 16592718 002

Sheep elficiency (%)
Yime spent awake after the
anset ol sleep (1min)

* Plus - minus valucs are means =
performed

10 values are for the comparison between the result at the beginning of the placcbo rrial

£ values were cakenlated by analysis of variaace and arc for the comparisons according to treatment {mclatonin or placebo), stage of the rrial (beginning,

ResOLTH IN SKVIN BEIND SUBECIN AL a1 Niauk
e PLACEBO AND MELATONIN Trials.*

13, Where I values are not shown, the analysis of variance did not indicate significance,

o e i S r—— S = =

MeLaToN P VaLvkd

P TREAT- STAGE OF INTER-

BEGINNING MIDDLE END VALUI-‘.S MENT TRIAL  ACTION
18 pm. 11:48pm 1218 am.
1.5 08 15
399.8268.3 404.7254.1 38262600 012 012 070
46:3.4 73r64 105r66 0l6 032 048
571293 B47:108 79.5r125 006 006 0.04 0.66

55.7+43.6 61946l 88.4x6l.2 005 0.06 0.003 021

and post hoc analyses were not

| and the result at the end of the placebo trial.

midddle, o ¢nd), and inreraction (2 differential effecr of sreatment depending on the stage of the rial).

§T values are for the comparison berween the result at the end of the plac

during the placebo trial (P=0.05) and that sleep ef-
ficicncy was greater with melatonin than with place-
bo (=0.06).

During the trial of melatonin taken in gradually re-
duced doses (step-down protocol), the rise in the plas-
ma melatonin concentration o more than 10 pg per
milliliter in the three participating subjects occurred
consistently ar about midnight (12:47 a.m. [SD, 0.6
hour) in Subject 1,12:23 a.m. {SD, 0.5 hour] in Sub-
ject 2, and 11:50 p.m. (SD, 0.4 hour] in Subject 5),
even at the lowest dose (0.5 mg per day), indicating
stable entrainment, for approximately 120 days (Fig.
3). In Subject 5, about a month passed after melatonin
was discontinued before the circadian rhythm revert-
ed to the base-line period of 24.4 hours. 1n contrast,
in Subject 2, a free-running rhythm resumed and the
periodgreturned to base line within several days after
melatonin was discontinued (Fig. 3).

DISCUSSION

Although melatonin can induce phase advances in
circadian rhythms, questions hate been raised regard-
ing its potency.'s OQur results indicate that the phase-
advancing effects of melatonin are of sufficient mag-
nitude to entrain free-running circadian rhythms in
most blind persons who have such rhytbms. The av-
erage daily phase advance required for entrainment
was equal to the circadian period minus 24.0. In all
seven subjects in this study, melatonin induced an av-
crage daily phase advance of up to 0.6 hour, but this
was insufficient to entrain the free-running thythm in
Subject 7, whose base-line circadian period was 249
hours. The time of day at which the plasma melato-
nin concentration rose above 10 pg per milliliter after
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cba triat and the result a the end of the melatonin erial.

entrainment with melatonin was somewhat later than
that reported in sighted persons.1? An abnormally late
circadian phase may be corrected by giving melato-
nin at an carlier time of day, thereby achicving a more
normal relation between the rise in the plasma mela-
tonin concentration and the desired sleeping schedule.

Three subjects underwent a second, open-label tri-
al of trearment with melatonin. After entrainment was
achieved at a dose of 10 mg of melatonin per day, the
dose was gradually reduced. Entrainment was main-
tained at progressively lower doses for a period of four
months, suggesting that a long-term benefit is likely
with continuing treatment. The lowest dose tested in
this protocol, 0.5 mg daily, resulted in plasma mela-
tonin concentrations that were close to the physiolog-
ic range and can therefore be presumed to be very safe.
According to these preliminary findings, it appears
that treatment with a high dose of melatonin (10 mg
per day) may be used to “capture” (initially entrain) a
free-running rhythm, but that the dose can be grad-
ually reduced without loss of effect. In some subjects,
especially those with 2 circadian period close to 24.0
hours, a lower dose may be effective as the initial
treatment.

Although we studied only seven subjects, the phase-
shifting cffects of melatonin treatment on circadian
rhythms were clear and were consistent with previ-
ous data on the resetring of the circadian rhythm in
sighted people’® and with findings in case studies
in blind people 87101924 Because of the variability in-
herent in polysomnographic data, more subjects will
need to be studied to document fully the effects of
melatonin trearment on sleep. However, previous stud-
ies have shown that blind subjects with free-running

)
'

b Why was melatonin effective in entraining the cir-
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" , was reduced avery two weaks. The rise i mion
A A s. The rise in pla i i
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ubjact.

rhythrns sleep better when their circadian rhythms of

leepiness ar i i

¢ more in phase with their desi i
: e
e sired times

be substantial individual variations in the response of
the circadian rhythm to melatonin, P ’
.Dc[crml_na[ion of the optimal timing of melato-
nin administration requires the use of the melatonin
}ghasc—rcspon'sc curve, which describes the relation
between the time in the circadian cycle that melatonin
is given and its effects on the circadian rhythm. A ll
ministration of melatonin during the phasc-ad\.mn;
portion of the curve (berween 8 hours before an;
4 hours after the increase in endogenous plasma mel-
atonin production) results in shifts in the cycle to an
carlier time of day; administration during the phase-
_dclay portion of the curve (4 to 16 hours aﬁl:r the
increase in endogenous plasma melatonin produc-
tion) shifts the cycle to a Jater time ofclay.'“*gl With-

"adr.m rhythms of these subjects, whercas some pre-
ious attemprs were not reliably successtul?1927 Per-
haps the longer duration of treatment used in the
urrent studx was important for successful entrain-
ent. In addition, a 10-mg daily dose of melatonin

s¢d in our previous study.'® On the other hand, in
ce of the subjects in our current study, much low-
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ot knovledpe of 2 P Circwdtan dhythne 18 ey
e ditticutt 1 know what day o begin freatinent »o
that the administration of melatonin at bedtime coin-
cides with the phasc-advance portion of the melatonin
phase —response carve. “This is the Timing that was at-
rempted in this study. Consequently, several weeks
or even months of treatment may be required for the
oprimal phase relation to develop so that entrainment
can be achieved and recurrent sleep problems can be
resolved. We recommend that, if possible, treatment
be initiated on a day when the plasma melatonin is pre-
dicted 1o rise above 10 pg per miliiliter a few hours
before the time the drug would be administered.

“The benefits with respect to sleep in these subjects
may be related not only to entrainment but also to
3 direct, slcep-promoting action of melatonin. Exog-
enous melatonin appears to have direct soporific ef-
Fects, cspecially it i is ingested at a time when there is
no endogenous producrion of melatonin (for cxam-
ple, during daytime hours in sighted people who are
sleeping, at conventional times),® We recently report-
od that a 10-my dose of melatonin given once daily,
a1 bedtime, to blind persons with free-running circa
dian rhythms improved steep {without causing sub-
stantial phase shifts) when administered during a pe
riod when the cireadian chythm was “jpverted” — that
is, shifted 12 hours out of the normal phase.?” Fur-
thermore, we found no signiticant ditference berween
the ettects of melatonin and those of placebo when the
suhjecty were tested on nights when their circadian
rhythms were congruent with their preferred, con-
wentional times for sleeping. We have speculated that
melatonin does not generate sleep but that it can fa-
cilitate expression of the need to sleep that accumulates
when one is awake 30

Mclatonin has been widely used as a nutritional
supplement in the United States for several years, with
no reports of serious adverse effects. Nevertheless,
tong-term administration of 10 mg per day should
be supervised by a physician. “This dose can probably
be graduoally reduced without loss of ctticacy.

There are ‘\ppmximnmly 1 million blind people in
(& United States, of whom about 20 pereent are 10-
tally blind 3 Extrapolating from our previous scries,’
at least half of this 20 percent (about 100,000 peo-
ple) probably have free-runing circadian rhythms,
with a high proportion having circadian sleep—wake
disorders. Melatonin may prove to be a safe and ef
tective treatment for many of these people.

The phase-shifting cffects of melatonin observed
in this study of circadian rhythms in blind people may
be relevant o the treatment of sighted people as well.
People who fly across multiple time zones or who
work nighttime or carly-morning shifts routinely have
symptoms of disordered sleep as 2 result of circadian
disturbances. Similar pa[hophysiologic mechanisms
have been proposed for advanced and delayed sleep-
phase syndromes as well as for winter depression.®?
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At anton dyiiid be dhneed aeetnding b he el
atonin phane  Fesponiae curve, s alveine efferin inay
pesult i melatonin is givesn at times thit would pro
duce an antidromic (contrary) phase shil e

In conclusion, free-running circadian rhythms in
blind people can be entrained to 3 24-hour cycle
with a daily dose of melatonin, thereby preventing 2
burdensome sleep disorder.
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ABSTRACT

Background The effect of increasing the intake of
dietary fiber on glycemic control in patients with type
2 diabetes mellitus is controversial.

Methods |n a randomized, crossover study, we as-
signed 13 patients with type 2 diabetes mellitus to
follow two diets, each tor six weéeks: a diet containing
moderate amounts of fiber (total, 24 g; 8 g of soluble
fiber and 16 g of insoluble fiber), as recommended by
the American Diabetes Association (ADA), and a high-
fiber diet {total, 50 g; 25 g of soluble fiber and 25 g
of insoluble fiber) containing foods not fortified with
fiber (unfortified foods). Both diets, prepared in a re-
search kitchen, had the same macronutrient and en-
ergy content. We compared the effects of the two diets

on glycemic control and plasma [ipid concentrations.
Results Compliance with the diets was excellent.
During the sixth week of the high-fiber diet, as com-
pared with the sixth week of the ADA diet, mean dai-
ly preprandial piasma glucose concentrations were 13
mg per deciliter (0.7 mmol per liter) lower (95 per-
cent confidence interval, 1 to 24 mg per deciliter [0.1
to 1.3 mmol per literl; P=0.04) and mean daily uri-
nary glucose excretion was 1.3 g lower {median dif-
ference, 0.23 g; 95 percent confidence interval, 0.03
to 1.83; P=0.008). The high-fiber diet also lowered the
area under the curve for 24-hour ptasma glucose and
insulin concentrations, which were measured every
two hours, by 10 percent {P=0.02) and 12 percent
(P=0.05), respectively. The high-fiber diet reduced
plasma total cholesterol concentrations by 6.7 per-
cent (P=0.02), triglyceride concentrations by 10.2
percent (P=0.02), and very-low-density lipoprotein
cholesterol concentrations by 12.5 percent {(P=0.01).
Conclusions A high intake of dietary fiber, partic-
ularly of the soluble type, above the level recommend-
ed by the ADA, improves glycemic control, decreases
hyperinsulinemia, and lowers ptasma lipid concen-
tratipns in patients with type 2 diabetes. {N Engl J
Med 2000;342:1392-8.)
©2000, Massachusetts Medical Society.

TETARY guidclines for patients with dia-
betes mellitus were revised by the Amer-
ican Diabetes Association (ADA) earlier
this year.! The ADA recommends that the
compuosition of the diet be individualized on the basis
of a nutrirional assessment and the outcomes desired.
Consistent with the previous recommendations of
the ADA,? the new guidelines advise replacing satu-
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rated fat with carbohydrates. However, on the basis of
previous studies, 3¢ an alternative approach of replac-
ing saturated fat with cis monounsaturated fat was
also included in the recommendations.! This new ap-
proach is further supported by epidemiologic studies
that have shown the healthful effects of diets rich in cis
monounsaturated fat in Mediterranean countries.!.12

Another, less strongly emphasized aspect of Med-
iterranean diets is the high intake of fruits, vegetables,
and grains that are rich sources of dietary fiber.13.14
The ADA recommended a moderate increase in the
intake of dietary fiber to 20 to 35 g per day because
of the cholesterol-lowering effects of soluble fiber.
However, the effects of dietary fiber on glycemic con-
trol were considered inconsequential.! Furthermore,
the expert panel of the ADA considered it difficult
to achieve a high dietary intake of soluble fiber with-
out consuming foods or supplements fortified with
fiber.! We therefore designed the present study to de-
termine the effects on glycemic control and plasma
lipid concentrations of increasing the intake of die-
tary fiber in patients with type 2 diabetes exclusively
through the consumption of foods not fortified with
fiber (unfortified foods) to a level beyond that rec-
ommended by the ADA. In addition, we studied the
effects of such an intervention on the intestinal ab-
sorption of cholesterol and the fecal excretion of ster-
ols in an artempt to uncover the mechanisms by which
a high-fiber diet lowers plasma cholesterol.

METHODS
Patlants

We studicd 12 men and 1 woman (9 non-Hispanic whites and
4 blacks) with type 2 diabetes at the general clinical research eenter
of the University of Texas Southwestern Medical Center at Dallas.
The protocol for the study was approved by the institutional re-
view board of the medical center, and cach patient gave written
informed consent. In all patients the onset of diabetes was insid-
ious; the discase developed in most of the patients after 40 years
of age. Their mean (+8D) age was 619 years (range, 45 to 70).
Their mean body weight was 93.5%12.7 kg, and the mean body-
mass index {the wight 1n Kilograms dnided Dy the square of the
hcight in meters) was 32.3%3.9. Three patienrs were treated with
dict alone, and thc other 10 paticnts were treated with 2.5 to 20

From the Department of tnternal Medicine (M.C., A.G., 5.M.G., L].B.)
and the Center for Human Nutrition {A.G., $.M.G.), University of Texas
Southwestern Medical Center, Dallas; the Department of Veterans Affairs
Mecdical Center, Dallas (M.C., AG., S.M.G.); and the Department of Clin-
ical Pharmacology, Rheinische Fricdrich-Wilhclms-Universitit, Bonn, Ger-
many (D.L., K.B.). Address reprint requests to Dr. Garg ar the Centcer for
Hunuan Nutrition, University of Texas Southwestern Medical Center, 5323
Harry Hines Blvd., Dallas, TX 75390.
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10 324 ing per decithier (3,90 to 838 mmol per liter) and 67 to
390 my per deciliter {(0.76 o 4.40 mmol per liter), reapectively,
and their fasting plasnia glucose concentrations were less than
200 mg per deciliter (11.} mmol per liter). Their glycosylated he-
moglobin values ranged from 6.0 to 9.8 percent. Two patients
had a history of coronary heart disease, but none had recenty had
a myocardial infarction, unstable angina pectoris, or congestive
heart failure. Also, none had thyroid, renal, or hepatic discase. None
of the patients were receiving lipid-lowering therapy.

Design of the Study

All the patients were first admitted to the general clinical re-
search center for five days (the base-linc period), during which a
detailed history was taken, a physical examination was performed,
and laboratory tests were performed. After the base-line period, all
the patients reccived both the ADA dict and the high-fiber diet,
cach dict for a period of six wecks. Six patients received the high-
fiber dict first, and the other seven réceived the ADA diet first.
There was a median interval of seven days berween the two study
periods, during which the patients were instructed to consume an
isocaloric diet. During the last week of cach dictary period (days
36 to 42), the patients were hospitalized for evaluation.

On weckdays, all the patients ate at least one meal (breakfase,
tunch, or dinner) at the general clinical research center. Other micals
were supplied in packages so that they could be consumed at home.
The dictitian monitored compliance by interviewing the patients.
The parients were instructed to bring back any unconsumed food
and to maintain a constant level of physical activity throughout the
study.

Blood for lipid analyses was drawn, after an overnight fast, daily
for two days before the insritution of the srudy diet and daily on
days 38 through 42 during both dictary periods. Mlasma glucose
was measured at 7 and 11 a.m. and at 4 and 8 p.m. each day dur-
ing the base-fine period and on days 38 through 42 of both die-
tary periods. Glycosylated hemoglobin was measured during the
base-linc period and at the end of each dictary period. On the
last day of cach dictary period, blood samples were obrained ev-
ery two hours for measurements of plasma glucose and insulin.
On days 38 through 42, paticnts collected 24-hour urine speci-
mens for quantitative detcrmination of glucose.

To permit us to determine fecal sterol balance and the percentage
of cholesterol absorption, each paticnt took a capsule containing
30 mg of sitostanol, 3 mg 0f [26,26,26,27,27,27 'H,}-cholesterol,
and 3 mg of [5,6,22,23-1H, ]-sitostanol (Medical Isoropes, Pelham,
N.H.) three times a day on days 36 through 42. Fecal samples
were coltected on day 35 or 36 and on the last three days of cach
dietary period. Fecal sampies were frozen within 12 hours after
collection and were pooled for analysis of small aliquots.

Diats

The composition of the study dicts is shown in Table 1. The
composition of the diets was calculated by means of a software
program based on the Department of Agriculture Handbook Se-
ries 8 {Nutriplanner, Practocare, San Diego, Calif.).!* The content
of total as well as soluble and insoluble dictary fiber was estimated
according to the data provided in the CRC Handbook of Dictary
Fiber in Human Nutrition.'® Both dicts consisted of unfortified
foods. The paticnts were allowed some choices of food items.
Both dicts provided 15 percent of the toral energy as protein, 55
percent as carbohydrate, and 30 pereent as fat; saturated, cis mono-
unsaturated, and polyunsaturated fats accounted for 7 percent, 17
percent, and 6 percent of the total energy, respectively.

The high-fiber diet provided 50 g of total fiber per day; soluble
and insoluble fiber content provided 25 g each. The ADA diet
contained 24 g of total fiber per day, with 8 g as soluble fiber and
16 g as insoluble fiber. Unfortified foods, particularly thosc rich

ConsuTusNT

Carbohydrate (% of tora) ciergy)

Protein (% of otal encrgy)
Fat (% of total cnergy)

Saturated

Cis monounsaturated

Polyunsaturated
Cholesterol {mg/day)
Fiber (g /day)

Towl

Solublc

Insoluble

TABE Y € Monar N 0F 1HE MUY [hers

ADA Hiun
Onr* b
55 5%
15 15
30 30
7 7
17 17
6 6
300 297
24 50
- 8 25
16 28

*ADA dcnotcs American Diabewes Assaciation.

TABLE 2. SAMPLE MENUS OF THE STUbyY DI

ADA Dier

FOOD WEIGHT
grams

Breakfast
Orange juice 220
White grits 50
Egg substitute 40
Olive oil 10
Decaffcinated coffee 2
Lunch
Hain (5% fat) 50
Mayonnaisc 6
Iceberg fettuce 15
Fresh tomato 30
Low-sodium bread 66
Corn (canned) 140
Cider vinegar s
Dehydrated onion 2
Olive oil 0
Fresh green pepper 10
Fresh celery 15
Fruit cocktait (canned) 105
Instanc tea 2
Qatmeal raisin cookie 20
Dinner
Chicken breast (skinncd) 90
Bran flakes 10
Low-sodium bread 20
Tarmesan cheese i
Wholc cggg 1
Tomato {canned) 120
Low-fat cheese 1
Spaghctri 45
Green beans 75
Olive oil 17
Wholc-wheat hread 21
Graham crackers 2l
Instant tea 2
Bedtime snack
Mozzarclla cheese 30
Low-sodium bread 30
Pincapple juicc 190

Hign-Fiaen Dier

HOOD

Qrange sectians
Qatmeal

Scrambled egg
Olive oil
Decafleinated coffec

Ham (5% fat)
Mayonnaise
Iceberg letruce
Fresh tomato
Whale-wheat bread
Corn {canned)
Green peas (canncd)
Dehydrated onion
Olive oit

Fresh green pepper
Fresh celery

Fresh papaya
[nstant 1ca

Chicken hreast {skinned)
Aran fMakes

Oat bran
Parmesan cheese
Epg substitute
Tomato (canned)
Laow-fax cheese
Spagheui

Zucchini

Olive oil
Whole-wheat bread
Fresh peaches
Instant rca

Fruit cockeail (canned)
Cherrics {canned)
Granoh

WEIGHT

grams

ann
50
37
1t
2

52
]
1
15
60
40
1o
2
1n
10
15
250
2

90
1

10
105
19
19
195
19
30
300
2

200
108
15

*Each menu provided 2308 keal per day. ADA denotes American Dia-
betes Association.
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wesdubile Whey, wonde an et abne el ot anpe, ey, 18l
st B v avia, okia, nweel petabo, winter apaaah, e i, gid
s, o bran, aml canneal, wene sed 1o adweve high Mot intake
Nos fiber sipplenments were used. Sample menus of both the study
dicts are shown in Table 2. The individual foods were weighed
daily during meal preparation in the research klh.hul of the gen-
cral clinical rescarch center.

Biochemical Analyses

Fasting plasma total cholesterol, lipoprotein cholesterol, and tri-
glycerides were ineasured according to the procedures of the Lip-
id Rescarch Clinics.)” Cholesterol and triglycerides were measured
enzymatically with the use of kits (Bochringer Manuhcim, Indi-
anapolis). Very-low-density lipoprotcins (VLDLs) (density, less
than 1.006 g per mil r) were removed by ulxracmmlugarmn,
and cholesterol was measured in the VI.DL fraction and the in-
franatant, High-density-lipoprotein (H1.) cholesterol was micas-
ured enzymativally after lipoproteins containing apolipoprotein B
bad been precipitated with heparin-manganese. Cholesterol in
the Tow-deasity lipoprotein (1.01) fraction was cstimated o be
the difference berween the cholesteral content of the infranatant
and that of the HDI. fraction.

Plasma and urinary glucose were measured by the glucose ox-
idase method (Beckman Glucose Analyzer, Beckman Instruments,
Fullerton, Calif)). Glycosylated hemoglobin was measured with
ion-exchange high-performance liquid chromatography {Bio-Rad
Laboratories, Hercules, Calil)). Plasma insulin was mcasurcd by
radicimmunoassay. .19

Pooled fecal samples collected within the last week of cach dic-
tary period were prepared tor analysis of neutral and acidic fecal
sterols as described previousty. # Gas-liquid chromatography off
neutral and acidic fecal sterols was performed on 2 gas chromato-
graph (model HPSRIO, Hewlert-Packard, Palo Alto, Calif)
cquipped with an automatic sample injector. Cholesterol absorp-
tion was measured during the samie period from fecal samples by
gas-liquid chromatography and mass specrrometry. 2t

Statistical Analysis

To compare the two study periods and o assess the cffect of
the seguence in which the paticnts received the igh-fiber_and

1A idiets, we vaed ivpegied o HE of vadlties Y e
W nfn il the Wik ![,Hni leal ll% Euln.mu
D'u twa nluvu: y pretionle

RESULTS

The compliance with both the study diets was ex-
cellent, according to interviews with the patients and
estimates of the energy content of any leftover foods.
Three patients reported consuming extra food on
one day during the study, two while eating the high-
fiber dier and one the ADA dict. The patients com-
mented about the larger quantities of food in the
high-fiber diet, but they consumed all the food giv-
en to them. The results are presented irrespective of
the order of the dicts, because the sequence of the
diets had no effecr on the results.

During the last week of each study period, the pa-
tients in both groups had similar daily energy intakes
and body weights and received a similar dose of gly-
buride (Table 3). The mean plasma glucose concen-
tration was lower (by 13 mg per deciliter [0.7 mmol
per liter], or 8.9 percent) when patients completed
the high-fiber diet than when they completed the
ADA diet (P=0.04), and mean daily urinary glucose
excrction was 1.3 g lower (P=0.008). Daily plasma
glucose concentrations were 10 percent lower with
the high-fiber diet than with the ADA diet (values
for the area under the curve, 3743+944 vs. 3365+
1003 mg-hour per deciliter [207.8£52.4 vs. 186.8+
55.7 mmol- hour per liter]; P =0.02), and plasma in-
sulin concentrations were 12 percent lower (values
for the area under the curve, 1107650 vs. 971+
491 pU-hour per milliliter (664223900 vs. 5826+
2946 pmol-hour per liter]; P=0.05) (Fig. 1). Gly-

TABLE 3. METAROLIC VARIABLES DURING THE LAST WEEK OF THE STUDY PERIODS
(DAvs 38 THROUGH 42).*

Hign-Fieer DIFFERENCE RETWEEN
4= VARIABLE ADA Dt Dier DieTs (95Y% CY P VaLuet
= 9 Energy imake (kealiday) 23082236 2308+236 — 1.00
g v =~ Weight (kg) 907+13.3 9052127 -0.2{-1L] w 0.6) 0.60
X c Dose of glyburide (mg /day) 16.0:87  10.0%8.7 - 1.00
= 9 Plasma glucose (mgAdeciliter)t 142236 130238 13 (2410 ~1) 0.04
- . Urinary glucose (g /day)
= <« Mean 23:43 10219 — —
- ~ Mediang 0.76 0o -0.23 (—1.83 10 -0.03) 0.008
—
5 ) L.lymsylmd hu.m,,n.h.n (%) 7.2x13 69x12  -0.3(-06t0.1) 0.09
R - e

minus values arc means £8D. ADA denotes American Diabetes Association, and Cl confi-
dence interval.

TAn analysis of variance was used 1o compare the two diets, except for urinary glucose, for which
the Wilvaxon signed-rank test was uscd.

{1'be values are averages of plasma glucose concentrations measured at 7 and 11 a.m. and at 4 and
8 p.m. cach day for five days during hospitalization, To convert values for plasma glucose to milli-
moles per liter, moltiply by 0.056.

§The values are averages of five daily urine collections during huspitalization,
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Figure 1. Mean (+SE) 24-Hour Profile of Plasma Glucose Concentrations (Panel A) and Insulin Concen-
trations {Penet B} during the Last Day of the American Diabetes Association (ADA) Dist and the Last
Day of the High-Fiber Diet in 13 Petients with Type 2 Diabetes Meilitus.

The errows indicate the times at which tha main mssls and a snack were consumed during the day.
To convert values for glucose to millimaies per liter, multiply by 0.056. To convart valuas for insulin to

plcomoles per liter, multiply by 6.

cosylated hemoglobin values were slightly lower af-
ter the high-fiber diet (P=0.09).

As compared with the ADA diet, the high-fiber
diet resulted in a lower fasting plasma total cholester-
ol concentration (by 6.7 percent, P=0.02), a lower
plasma triglyceride concentration (by 10.2 percent,
P=0.02), and a lower plasma VLDL cholesterol con-
centration (by 12.5 percent, P=0.01) (Table 4). The
fasting plasma LDL cholesterol concentration was
6.3 percent lower with the high-fiber diet (P=0.11).
There were no significant differences berween the

two diets in terms of the fasting plasma HDL cho-
lesterol concentration.

As compared with the ADA dict, the high-fiber
diet decreased gastrointestinal absorption of choles-
terol by 10 percent (48.5+9.6 vs. 43.7+£7.4 percent;
95 percent confidence interval for the decrease, 0.6
to 9.0 percent; P=0.03) and increased fecal acidic
sterol excretion by 41 percent (895301 vs. 1258+
458 mg per day; 95 percent confidence interval for
the increase, 137 to 589 mg per day; P=0.005}, but
did not significantly affect the excretion of ncutral
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ADA HiGH-  DIFFERENCE BETWEEN P
VARIABLE Dt Fiser DIEY  DiEvs (95% CI) Vawuet

mg/dt

Plasma 1mal cholesierol 210233 196431 - 14 (~27 10 -2) 0.02
Plasma wiglyeerides 205195 184476 -21 (~37 o —4) D02
Masma VI.DL cholesicrol 4019 3516 -5 (=% ~1) 0.01
Plasma IDI cholesteral 142229 133229 -9 (~22w03) 0.1
Prasnia 1D cholesierol - 29147 28%4 -1 (-4w03) 0.80

* Pl - minus vabues are means 2 81, To convert values for cholesierol
and triglycerides o millimoles per liter, multiply by 0.026 and 0.011, rc-
spectively. ADA denotes American Diaberes Assaciation, CI confidence in-
terval, VLD very-low density lipoprotein, 1.DL low density lipoprotcin,
and DI high density hipoprotein.

TAn analysis ol variance was used to campare the two dicts.

sterols (10522375 vs. 11222565 mg per day; 95
percent confidence interval for the difference, — 194
to 334 my per day; P=0.60).

DISCUSSION

The intake of dietary fiber among people living in
Western countries remains low, and according to the
Third National Health and Natrition Examination
Survey (NHANES), it averages 17 g per day in the
United States. Although patients with diaberes are
advised to increase their intake of dictary fiber, in
the NHANES study, their average daily intake was
found 1o be only 16 g.2* Why the intake of dietary
fiber in paticnts with diabetes remains low — despite
its well-documented effect of lowering plasma cho-
festerol concentrations — remains unexplained. It is
possible that the controversy about whether there
are benceficial effects of dictary fiber on glycemic con-
trol reduces the eathusiasm of physicians and dieti-
tians for recommending high-fiber dicts. The main
purpoge of our study was to investigate the effects
on glycemic control of increasing the intake of die-
tary fiber. To avoid the confounding effects of con-
comitant changes in energy and macronutrients, the
two study dicts were isocaloric and the macronutri-
ent composition of the diets was identical. Further-
more, unfortified foods were used as the source of
dictary fiber.

Most important, we found that the high-fiber diet
improved glycemic control, as evidenced by decreases
in the mean daily preprandial and 24-hour plasma
glucose concentrations. Urinary glucose excretion
was also lowered by the high-fiber diet. The high-
fiber dict lowered glycosylated hemoglobin values
slightly but not significantly. The high-fiber diet also
lowered 24-hour plasma insulin concentrations.

1396 - May 11, 2000

Thwe remili oF previents stindten that svalisied the
tole of dictary Abher on glysemb contiol in patienta
with type 2 diabeten were Inconsistent. by some of the
studies, the lack of control for concomitant changes
in the intake of macronutrients makes the data diffi-
cult to interpret. For example, in the study by Kiehim
et al.2% and in that by Simpson et al., the high-fiber
diet had a lower fat and higher carbohydrate content
than the low-fiber diet. In other studies, the inter-
pretation of the results was confounded by the short
duration of the dietary intervention,?”? the lack of
random assignment of the sequence of the high-fiber
and low-fiber dicts,%2° and unexplained weight loss
during the high-fiber diet.?”

Only a few well-controlled studies have evaluated
the glycemic effects of increasing the intake of die-
tary fiber with the use of either preparations of re-
fined concentrated fiber or unfortified food, and the
results have been inconsistent.!:¥ For example, diets
that included 15 to 21 g of guar-gum fiber or oat-bran
concentrate per day had no effect on glycemic con-
trol3432 or resulted in only a slight improvement 3334
In randomized, crossover trials of six weeks’ duration
in which the intake of dietary fiber was increased by
16 g per 1000 kcal through the consumption of
foods prepared in a research kitchen or by 14 g per
day through dictary instruction, there was no im-
provement in glycemic control.?%% In contrast, in-
creasing dietary fiber by 23 g for three weeks and by
30 g for six weeks resulted in decreased fasting and
postprandial plasma ghicose concentrations.3** We
found that an increase in the intake of total dietary
fiber, which consisted predominantly of soluble fi-
ber, significantly improved glycemic control and de-
creased the degree of hyperinsulinemia in patients
with type 2 diabetes.

Our study also demonstrates the feasibility of
achieving a high intake of dictary soluble fiber by con-
suming unfortified foods. Our patients accepted the
high-fiber diet well and had few side effects; there-
fore, we recommend that patients with diabetes be
encouraged to use unfortified foods instead of less
palatable purified-fiber preparations and supplements
to increase their intake of dietary fiber.

The mechanisms of the improved glycemic con-
trol associated with high fiber intake remain unde-
fined. Whether this effect is due to an increase in
soluble fiber, insoluble fiber, or both is unclear. Be-
sides causing increased fecal excretion of bile acids,
dietary fiber may cause malabsorption of fat.¥ How-
ever, in our study, the patients’ weight did not change
with the high-fiber diet, which suggests that the de-
gree of reduction in the absorption of fat was insig-
nificant. Another possibility is that dietary fiber im-
proves glycemic control by reducing or delaying the
absorption of carbohydrates.

As expected, the high-fiber diet reduced plasma
total cholesterol concentrations by 6.7 percent, a

Andding ennumsns with the rsaulia nf previni mpuris
ot the chadeatsanl tedueing eftenn ofaluble bt
Inwoluble e qns 'I'hrrr#nw. the loweriing of cho
lesterol can be artributed primarily to an average in
crease of 17 g in the intake of soluble fiber. Previous
studies in normal subjects have reported no effects
of the amount of dictary fiber on plasma triglyceride
concentrations.*? In our study, the decrease in plas-
ma triglyceride and VLDL cholesterol concentrations
during the high-fiber diet could have been due to
the improvement in glycemic control.

The mechanisms of the reduction in plasma cho-
lesterol concentrations induced by the increased di-
ctary fiber intake are controversial, however. The in-
crease in bile-acid excretion probably explains most of
the reduction, and the reduction in chaolesteral ab-
sorption may also have contributed to this finding.
Previous studies have also reported a variable increase
in bile-acid excretion resulting from the consump-
tion of pectin, 3?43 oat bran,*445 bagasse,i and dicts
with a mixture of soluble fiber and insoluble fiber,*”
but not psyllium .4 In contrast, Kesaniemi et al.#” re-
ported that a high-fiber diet did not change choles-
terol absorption in normal subjects. However, the
high-fiber diet they used included 26 g of fiber, and
it did not lower plasma cholesterol concentrations.4”

In conclusion, an increase in the intake of dietary
fiber, predominantly of the soluble type, by patients
with type 2 diabetes mellitus improved glycemic con-
trol and decreased hyperinsulinemia in addition to
the expected lowering of plasma lipid concentrations.
Therefore, dictary guidelines for patients with diabe-
tes should emphasize an overall increase in dietary fi-
ber through the consumption of unfortified foods,
rather than the use of fiber supplements.

Supported in part by granrs (M01-RR00633 and HIL.-29252) from the
National Inatitutes of Bealth and by reacarch grans from the Bundesnin:
isterium fiir Bildung, Forschung, Wissenschafr und Technologic (01EC9402)
and the Deutsche Forschungsgemeinschaft (BE 1673/1-1).

We are indebsed so Angela Osborn, Travis Peiricek, and the nurs-
ing and diesesic service of the General Clinical Research Center of
the University of Texas Southwesiern Medical Center, Dallas, for
thesr excellent technical support and to Beverley Adams-Hues, M.S.,
for statistical analysis.

REFERENCES

1. Nuwition recommendations and principles for pecople with diabetes
mellirus. Diaberes Care 2000;23:543-546.
2. American Diabetes A ion, Nutrirional rec and prin-
ciples for individuals with diabetes mellitus: 1986. Diabetes Care 1987;10:
126-32.

3. Garg A, Bonanome A, Grundy SM, Zhang Z-], Unger RH. Compari-
san of a high-carbohydrate dict with high-monounsaturated-fat diet in pa-
tients with non-insulin-dependent diabetes mellitus. N Engl } Med 1988;
319:829-34.

4. Rivellesc AA, Giaceo R, Genovese S, et al. Effeets of changing amount
of carbohydrate in diet on plasma lipoprozcins and apotipoproteins in type
II diabetic patients. Diabetes Care 1990;13:446-8.

-

Nr,mmm B Bl an v preois, ghivie- i bevehoo o
'II'I IR T 1 wlvd o baphy oo Pabigadian it
HIUHIAL silovta [iabrsa Care 19951 INAR iy

T amphull TV, Mo 1 Dyey IA Wabpian M Snukien 1T Hin
fgh monmatnrated fat dies an e prasiieal aheoaive e NI ina
Care 1994,17:177 .02

an-Garber 1, Iehazo Cerro S, Zamara Gonzaler |, Cardovo
Posadas-Romero UL Effecr of a high munounsaturaied fe dict
enriched with avacada in NIDDM paticnes, Dhabetes Care 1994:17:301

9. Gacg A, Grundy SM, Unger RIT. Comparisan of cffects of high and
low carbohydrate dicts on plasma lipoproteins and insulin sensitivity m pa
rients with mild NIDDM. Diabctes 1992;41:1278-85.

10. Garg A, Banue P, Henry RR, ct ab. Effects of varying carbohydrate
content of dict in paticnts with non-insuliu-dependent disberes mellins.
JAMA 1994;271:1421-8,

11. Keys A, Menotti A, Karvonen MJ, e al, The dict and 15-year death
rase in the Seven Countries Study. Am | Epidemiol 1986;124:903-15
12. Menori A, Keys A, Aravanis C, et al. §gven Countries Srudy: first 20
year mortality data in [2 cohorts ol six countries. Ann Med 1989,21:175

13, Nestle M. Maditcrranean dieis: historical and research overview. Am |}
Clin Nutr 1995;61:5uppl:1313S8-13208,

14. Kromhout ), Keys A, Aravanis C, ct al. Food conswnption patterne
in the 1960s in seven countries. Am J Clin Nutr 1989.49:889 94

18. Department of Agriculture, Agricultural Rescarch Service. Compesi
tion of foods. Agriculture handbook No. 8. Series B-1 to 8:16, Washing
ron, D.C.: Government Printing Office, 1976-1987.

16. Schakel §, Sicvert YA, Buzzard IM. Dictary fiber vatucs for common
foods. In: Spiller GA, ed. CRC handbook of dictary Bber in human nutr
tion. 2nd ed. Boca Raron, Fla.: CRC Press, 1993:567 93.

17. Public Health Service. Manuat of laboratory operations: lipid rescarch
dlinics program: lipid and lipoprotein analysis. 2nd cd. Washington, 1.0
Government Printing Office, 1982,

18. Herbert ¥, Lau KS, Gottlieh CW, Bleicher 8). Coated charcoal imma
noassay of insulin. } Clin Endocrinol Mctab [965;25:1375 -84,

19. Yalow RS, Berson SA. Immunoassay of endogenous plasma insulin in
man. ] Clin Invest 1960;39:1157-75.

20. Czubayko F, Beumers B, { fuss §, Lutjohana D, von Berg

K. A simplificd micro-method for quantilication of fecal excretion of nen-
tral and acidic stemls for vutpaticnt studies in humans. | Lipid Res 1991
32:1861-7.

21. Lutjohann D, Meese CO, Crause JR 111, von Berginann K. Evaluation
of deuterated chalesterol and deuterated sitostanal for measurement of
cholestcrol absorprion in humans. J Lipid Res 1993;34:1039-46.

22, Jones B, Kenward MG. Design and analysis of crossaver trials. Lon
don: Chapman & Hall, 1989.

23. Conover W]. Practical nonparametric statistics, 2nd ed. New York:
John Wilcy, 1980:288-92.

24, National Health and Nutrition Examination Survey 111, 1988 94.
NCHS CD-ROM series 11. No. 2A. ASCII version. Hyausville, Md.: Na-
tional Center for Health Stavistics, April 1998,

25. Kichm TG, Anderson |W, Ward K. Beneficial effects of a high carbo-
bydrare, high fiber dict on hyperglycemic diaberic men. A J Clin Nutr
1976;29:895-9.

26. Simpsan HCR,, Simpson RW, Lousley §, et al. A high carbohydrate
leguminous fibre diet improves all aspects of diabetic control. Lancer 19815
1:1-5.

27. Rivellese A, Riccardi G, Giacco A, et al. Effect of dietary fibre on glu
cose control and scrum lipoproteins in diabetic patients, Lancet 1980;2:
44750,

28. Riccardi G, Rivellese A, Pacioni D, Genovese S, Masiranzo P, Mancini
M. Separate influence of dictary carbohydrare and fibre an the metabolic
control in diaberes. Diabetologia 1984;26:116-21.

29. (3'Dea X, Traianedes X, lreland P, et al. The efleas of dict differing
in fart, carbohydrate, and fiber on carbohydrare and lipid metabolism in
rype 11 diabetes. ] Am Dicl Assoc 1989:89:1076-86.

30. Nuttall FQ. Dictary liber in the management of diabetes. Diabetes
1993:42:503-8.

31. Holman RR, Stecmson }, Darling I, Turner RC. No glycemic benefit
from guar administration in NIDDM. Diaberes Care 1987,10:68-71.

32. Uusitupa M, Siitonen O, Savolainen K, Silvasti M, Pentila 1, Parvi-
ainen M. Merabolic and nutritional effects of long-term use of guar gum
in the of noninsulin-dependent diabetes of pour metabolic con
trol. Am J Clin Nurr 1989;49:345.51,
33. Aro A, Uusitupa M, Voutihinen F, Hersio K, Korhonen T, Siitenen

5. Parillo M, Rivcllese AA, Ciardullo AV, ct al. A bigh

fat/low-carbohydrate dict improves peripheral insulin sensirivity i
insulin-dependent diabetic patients. Metabolism 1992;41:1373.8,
8. Rasmwssen OW, Thomsen C, Hansen KW, Vesterlund M, Winther E,

0. Improved diabetic control and hypocholesterolacmic cffect induced by
long-rerm dictary supplemcntation with guar gum in type 2 (insulin-inde
pendent) diabetes. Diabetologia 1981;21:29-33.

34. Pick ME, Hawrysh Z], Gee MI, Toth E, Garg MI., Hardin RT. Oa

Volume 342 Number 19 - 1397



(69)
[1317]

Resistance Is Associated with Systemic
Inflammation: Reversal with Bezafibrate Therapy
in a Randomized Controlled Trial

Iris J. Jonkers, MD, Martina F. Mohrschladt, MD, Rudi G. Westendorp, MD, PhD,
Arnoud van der Laarse, PhD, Augustinus H, Smelt, MD, PhD

PURPOSE: To determine whether hypertriglyceridemia is as-
sociated with systemic inflammation, which may contribute to
the increased cardiovascular risk in patients who have hypertri-
glyceridemia. 1n addition, we investigated whether fibrates re-
verse this inflammalory state.

PATIENTS AND METHODS: Serum lipid levels, body mass
index, insulin resislance, and inflammatory parameters were
compared belween 18 patients who had severe hypertrglyceri-
demia without cardiovascular disease and 20 normolipidemic
controls. We measured the ex vivo production capacity of tu-
mor necrosis factor {TNF)-a and interleukin (IL)-6 after
whole-blood stimulation with lipopolysaccharide, as well as cir-
culating Jevels of C-reactive protein and fibrinogen. A random-
ized controlled trial was conducied 1o determine whether beza-
fibrate {400 mg administered daily for 6 weeks) affected these
parameters in hypertriglyceridemic patients.

RESULTS: When compared with normolipidemic controls,
hypertriglyceridemic patients had significantly lower high-den-
sity lipoprotein (HDL) cholesterol and higher triglyceride lev-

els, body mass index, and insulin resistance. In addition, hyper-
triglyceridemic patients had a significantly higher production
capacity of TNF-a (mean difference, 11 700 pg/mL; 95% con-
fidence interval {Cl]: 7800 to 15 700 pg/mL}) and IL-6 (mean
difference, 20 400 pg/mL; 95% Cl: 7800 to 32 900 pg/mL), and
higher levels of C-reactive protein (mean difference, 0.8 mg/L;
95% Cl: 0.1 to 2.4 mg/L) and fibdnogen (mean diffesence, 0.8
g/dL; 95% CI: 0.3 to 1.3 g/dL). Bezalibrate therapy significantly
increased HDL cholesteral levels, reduced triglyceride and in-
sulin resistance levels, and reduced production capacity of
TNF-« and IL-6, as well as levels of C-reactive protein and fi-
brinogen.

CONCLUSION: Systemic inflammation is present in patients
who have the clinical phenotype that is associated with severe
hypertriglyceridemia, and may contribute to the increased risk
of cardiovascular disease in these patients. Bezafibrate has anti-
inflammatory effects in these patients, Am ] Med. 2002;112:
275-280. ©2002 by Excerpta Medica, Inc.

of cardiovascular disease (1). Elevated plasma levels

of acute phase proteins, such as C-reactive protein
(2-4) and fibrinogen (5), are associated with cardiovas-
cular disease (2-5). Hypertriglyceridemia, per se, may be
a risk factor for cardiovascular disease (6), and is associ-
ated with elevated levels of fibrinogen (7,8).

We have demonstrated that subjects with hypertriglyc-
eridemia have elevated tumor necrosis factor {TNF)-a
production capacity (9). Since TNF-a is an early media-
tor of the acute phase response (10), we hypothesized that
an increased production of proinflammatory cytokines in
patients with hypertriglyceridemia induces systemic in-
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flammation, as represented by elevated plasma levels of
C-reactive protein and fibrinogen. 1€ thisis true, systemic
inflammation might contribute to the risk of cardiovas-
cular disease in patients with hypertriglyceridemia.
Therefore, the first aim of this study was to investigate
whether hypertriglyceridemia ‘is associated with an in-
flammatory state, by comparing the ex vivo production
capacity of TNF-a and interleukin (IL)-6, as well as
plasma levels of C-reactive protein and fibrinogen be-
tween patients with endogenous severe hypertriglyceri-
demia without clinically manifest cardiovascular disease
and normolipidemic controls.

Fibrates, which are peroxisomne proliferator-activated
receptor (PPAR)- @ activators, are used for the treatment
of patients with severe hypertriglyceridemia. Besides
their lipid-lowering effects, they have been shown to re-
duce the risk of cardiovascular events {11,12). The bene-
ficial effecis of fibrates are far greater than expected on the
basis of change in lipoprotein concentrations. Data from
the Veterans Affairs High-Density Lipoprotein Choles-
terol Intervention Trial showed that only 23% of the
gemfibrozil-associated treatment benefit could be attrib-
uted to lower lipid levels (13). Recently, it was shown that
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absence of PPAR-a& expression in mice augmented the
inflamimatory response (14). Thus, the antiatherogenic
effects of fibrates may be mediated by a reduction in the
inflammatory state. Therefore, the second aim of this
study was to investigate the effects of bezafibrate therapy
on inflammatory markers in patients with endogenous
severe hypertriglyceridemia.

METHODS

The study sample consisted of 18 unrelated patients with
endogenous severe hypertriglyceridemia who were re-
cruited from the lipid clinic of the Leiden University
Medical Center, The Netherlands, All patients received
personal dietary advice. The diagnosis was based on the
mean of two fasting blood samples obtained after a pru-
dent diet of at least 8 weeks. Diagnostic criteria for endog-
enous hypertriglycerideria (15) were total serum triglyc-
eride level >354 mg/dL (4.0 mmol/L), very low-density
lipoprotein (VLDL) cholesterol level >39 mg/dL (1.0
mmol/L), and low-density lipoprotein (LDL) cholesterol
<174 mg/dL (4.5 mmol/L). Exclusion criteria were the
presence of cardiovascular disease, diabetes mellitus, cur-
rent infection, homozygosity for apolipoprotein E2, or
secondary hyperlipidemia (renal, liver, or thyroid dis-
ease; fasting glucose level > 126 mg/dL {7.0 mmol/L}; al-
cohol intake >40 g/d), and the use of lipid-lowering, an-
ti-inflammatory, or glucose-lowering drugs. The pres-
ence of cardiovascular disease was excluded by history,
physical examination, and the presence of a normal elec-
trocardiogram. Twenty normolipidemic, age- and sex-
matched control subjects were recruited via a newspaper
advertisement.

Study Design

The patients were randomly assigned to receive, in a dou-
ble-blind crossover fashion, bezafibrate (400 mg admin-
istered once daily) or placebo for 6 weeks. The two treat-
ment periods were separated by a 6-week washout period.
Before and at the end of each treatment period, fasting
venous blood samples were obtained to determine levels
of lipids, insulin, glucose, C-reactive protein, and fibrin-
ogen. Insulin resistance was assessed using the homeosta-
sis model approximation, which correlates well with re-
sults from both hyperinsulinemic euglycemic clamp and
the intravenous glucose tolerance test, by the following
formula: insulin resistance = insulin/(22.5¢ " "gucese)
(16). From the control subjects, fasting blood samples
were obtained at baseline. In a subset of the sample (13
patients and 19 controls), production capacity of IL-6
and TNF-a was determined in fusting venous blood. Tu-
mor necrosis factor-e production capacity in this sample
has been described (9). Inforimed consent was obtained
from each participant, and the protocol was approved by
the Medical Ethics Committee of our institution.
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Laboratory Measurements

Ultracentrifugation was performed to determine serum
VLDL, LDL, and high-density lipoprotein (HDL) choles-
terol levels (15). Triglyceride and total cholestero! levels
were measured using commercially available kits. Apoli-
poprotein B levels were determined using an enzyme-
linked immunosorbent assay. The contribution of apoli-
poprotein B48 to the total amount of apolipoprotein B
was less than 10% in samples from hypertriglyceridemic
patients, indicating a limited contribution of chylomi-
cron remnants to the isolated VLDL fraction. Insulin was
measured with a radioimmunoassay (MedGentix, Brus-
sels, Belgium). Glucose was measured with a Hitachi 747
analyzer (Roche Diagnostics. Mannheim, Germany).
Plasma concentrations of C-reactive protein were mea-
sured in a single batch using a highly sensitive sandwich
immunoassay (Kordia Laboratory Supplies, Leiden, The
Netherlands). For determination of fibrinogen level, ve-
nous blood was collected in siliconized Vacutainer tubes
{Becton Dickinson, Milan, Italy) in 0.1-volume 0.13-M
trisodium citrate. Fibrinogen was assayed according to
Von Clauss (17).

Cytokine Production

Blood samnples were kept in endotoxin-free heparin tubes
(4.0-mL Chromogenix endotube, Mb8lndal, Sweden)
with 1201V of sodium heparin {18). Briefly, whole-blood
samples were diluted 1:1 with RPMI 1640 (Gibco Life
Technologies, Paisley, United Kingdom) and divided in
1.0-mL aliquots in polystyrene microtiter plates. Serial
10-fold dilutions were prepared once daily from 10 uL of
250-uL aliquots of lipopolysaccharide (Escherichia coli
0111; B4, Boivin method, Difco Laboratories, Detroit.
Michigan), which were added to the diluted whole-blood
aliquots, to obtain final lipopolysaccharide concentra-
tions of 10 ng/mL, 100 ng/mL, and 1000 ng/mL in each
well. Whole-blood samples were incubated at 37°C under
5% carbon dioxide with increasing concentrations of li-
popolysaccharide, for 4 hours to determiine the produc-
tion capacity of TNF-a, and for 24 hours to determine the
production capacity of 1L-6. Both cytokines are derived
mainly from monocytes (19). Stimulation of I:1 diluted
whole-blood without addition of lipopolysaccharide was
performed as a negative control. After stimulation, mi-
crotiter plates were centrifuged twice at 600 g and the
supernatants were stored at - 70°C until determination
of TNF-a and IL-6. Enzyme-tinked immunosorbent as-
says for cytokine measurement were performed accord-
ing to the manufacturer’s guidelines (TNF-a, Central
Laboratory of the Blood Transfusion Service, Amster-
damy, The Netherlands; 1L-6, BioSource, Fleurus, Bel-
gium). All supernatants were analyzed in a single baich.
For both cytokines, the detection limit was 4 pg/ml. of
whole blood. Intra- and interassay coefficients of varia-
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tion were 6.89 and 8.1% for TNF-a and 7.6%‘ and 8.5%
for IL-6.

Data Analysis

Baseline comparisons. Data are expressed as means *
SD, except for C-reactive protein and triglyceride levels,
which are expressed as medians (interquartile ranges) be-
cause of their skewed distribution. Differences in baseline
C-reactive protein and triglyceride levels between pa-
tients and controls were compared using the Mann-
Whitney U test. Differences in parametric variables be-
tween these groups were compared using the ¢ tes, except
for differences in cytokine profiles between patients and
controls, which were evaluated with analysis of variance
for the three different lipopolysaccharide conditions si-
multaneously. Difference in sex and smoking habits be-
tween patients and controls were compared using the
Fisher exact test. Ninety-five percent confidence intervals
were calculated for the mean differences, except for C-re-
active protein and triglyceride levels, for which 95% con-
fidence intervals were calculated for the median differ-
ences.

Effects of bezafibrate therapy, Differences between pla-
cebo and bezafibrate therapy were evaluated using a
paired sample ¢ test, except for levels of C-reactive protein
and triglyceride, which were compared using the Wil-
coxon signed rank test. Treatment with placebo did not
affect serum lipid levels in hypertriglyceridemic patients;
therefore, the data for placebo were assigned as baseline
data for the hypertriglyceridemic patients. The effect of
bezafibrate therapy on cytokine profiles was analyzed us-
ing general linear model analysis, taking into account the
full set of observations in each patient. The bezafibrate-
induced difference for each parameter was calculated by
subtracting the value on placebo from that obtained upon
bezafibrate therapy. Associations between the paired dif-
ferences in systemic inflammatory markers and the dif-
ference in lipids and insulin resistance were studied using
the Spearman rank correlation analysis (n = 13). Ninety-
five percent confidence intervals were calculated for the
mean differences, except for C-reactive protein and tri-
glyceride levels, for which 95% confidence intervals were
calculated for the median differences.

RESULTS

There were no differences between hypertriglyceridemic
patients and controls in age, sex, and smoking status, but
body mass index was significantly higher in patients with
hypertriglyceridemia. Significant differences between
both groups were observed for insulin and glucose levels,
and insulin resistance. Apolipoprotein B levels did not
differ between hypertriglyceridemic patients and con-
truls. Total cholesterol, total triglyceride, and VLDL cho-
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lesterol levels were significantly higher, whereas HDL and
LDL cholesterol levels were lower in hypertriglyceridemic
patients compared with controls (Table 1).

Cornpared with controls, hypertriglyceridemic pa-
tients had higher TNF-a and IL-6 production capacity
upon whole-blood stimulation, and higher C-reactive
protein and fibrinogen levels (Table 1).

Effects of Bezafibrate Therapy in
Hypertriglyceridemic Patients

Al patients completed the study without reporting any
adverse effects. No significant changes occurred in body
mass index {mean {* SD] body mass index, 28.0 = 2.8
kg/m’ on placebo vs. 28.4 * 2.7 kg/m* on bezafibrate).
Bezafibrate reduced insulin levels and insulin resisiance
significantly without affecting glucose levels. Bezafibrate
reduced serum total cholesterol, total triglyceride, and
VLDL cholesterol levels significantly, and increased se-
rum HDL and LDL cholestero} levels significantly (Table
2).

Bezafibrate reduced the production capacity of TNF-a
and IL-6, and plasma C-reactive protein and fibrinogen
levels {Table 2). One patient had a C-reactive protein
level >10 mg/L, a commonly used indicator of current
infection. When this patient was excluded, the differences
in C-reactive protein levels between hypertriglyceridemic
patients and controls and between hypertriglyceridemic
patients on placebo and bezafibrate were similar.

Associations of Paired Differences in Systemic
Inflammnatory Parameters with Bezafibrate
Therapy

The bezafibrate-induced reduction in C-reactive protein
level correlated significantly with the reduction in fibrin-
ogen level (r = 0.56, P = 0.02). Changes in C-reactive
protein and fibrinogen levels were not correlated with
changes in lipid, insulin, or glucose levels, or insulin re-
sistance (all P > 0.3, Table 3).

DISCUSSION

We found that endogenous severe hypertriglyceridemia
is associated with an inflammatory state, as represented
by higher ex vivo production capacity of TNF-a and IL-6
and elevated levels of C-reactive protein and fibrinogen.
Six-week treatment with bezafibrate reduced these mark-
ers of inflammation significantly in patients with severe
hypertriglyceridemia. The observed increase in IL-6 pro-
duction and the elevated C-reactive protein levels in pa-
tients with severe hypertriglyceridemia without known
cardiovascular disease add to the earlier findings of in-
creased TNF-a production capacity (9) and elevated
fibrinogen levels in hypertriglyceridemia (7,8). These
findings may be of clinical importance, since C-reactive
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Table 1. Baseline Characteristics of Controls and Hypertriglyceridemic Patients

Controls
Characteristic {Units) {n=20)

Hypertriglyceridemic Mean Difference
(n = 18) (95% Confidence Interval)”

Number {%), Mean * SD, or Median
(Interquartile Range)

Male sex 18 (90)
Current smoking 2(10)
Age (years) 479+ 74
Body mass index (kg/m?) 24233
Insulin (mU/L) 1.1 68
Glucose {mg/dL) 93 xH
Insulin resistance (HOMA index) 26 % 1.7
Apolipoprotein B (mg/dL) 106 * 22
Total cholesterol (mg/dL) 197 * 36
Total triglycerides (mg/dL) 82 (52-97)
VLDL cholesterol (mg/dL) 10%7
LDL cholesterol (mg/dL) 136 * 34
HDL cholesterol (mg/dL) 51+ 11

TNF-a production (pg/mL)’ 23200 * 8700
IL-6 production (pg/mL)* 61 900 * 27 800
C-reactive protein (mg/L) 0.9 (0.4-2.4)
Fibrinogen (g/dL) 2805

16 (89}
7(39) .

48.5 * 6.8 - 0.7({~-4.7t0 6.0)
28.0x28 4.2(1.9t05.9)
55.6 * 26.3 445 (32.2t0 56.9)
107 £ 14 14 (7 to 21)
146 £ 7.0 12,1 (8.8 t0 15.3)

1 *19 5(—810 19}
299 £ 91 102 (57 to 147

958 (556-1141) 859 (599 to 1019)

169 £ 78 159 (123 o 195)
103 + 25 —33(-53to —-13)

285 =23 (29w —17)

35000 + 10 000 11 700 (7800 to 15 700)

82200 + 31900 20 400 (7800 10 32 900)
2.2(1.0-5.8) 0.8 (0.1 to 2.4)
1618 08 (0.3101.3)

* Median difference for C-reactive protein and triglycerides.
| "

! As obtained from stimulation with lipopoly ide arco
in 19 controls and 13 hypertriglyceridemic patients.

of 10 ng/mL, 100 ng/mL, and 1000 ng/mL; data are based on measurements

HDL = high-density lipop HOMA = h is model
necrosis factor-a; VLDL = very low-density lipoprotein.

protein (2-4) and fibrinogen (5) are thought to be inde-

pendent risk factors for cardiovascular disease.
Bezafibrate reduced the ex vivo production capacity of

TNF-a and IL-6 significantly, as has been seen for feno-

1L-6 = interleukin-6; LDL = low-denaity lipop TNF-u = tumor

fibrate in mildly hyperlipidemic men {20,21). In addi-
tion, C-reactive protein and fibrinogen levels were re-
duced significantly by bezafibrate. Two studies have in-
vestigated the effects of fibrates on C-reactive protein

Table 2. Effects of Placebo and Bezafibrate on Serum Lipids, Insulin, Glucose, Insulin Resistance, and Inflammatory Parameters in

18 Hypertriglyceridemic Patients

Parameter {Units) Placebo

Mean Difference
Bezafibrate (95% Confidence Interval)*

Mean * SD or Median (Interquartile Range)

Insulin (mU/L) §5.6 * 263
Glucose {(mg/dL}) 107 £ 14
Insulin resistance (HOMA index) 4670
Total cholesterol (mg/dL) 299 * 92
Total triglycerides (mg/dL) 958 (556-1141)
VLDL cholesterol {ing/dL) 169 * 78
LDL cholesterot (mg/dL) 103 £ 25
HDL cholesterol (mg/dL} 85

TNF-a production (pg/mL)" 35000 * 6500
IL-6 production (pg/mL)! 82200 + 23 600
C-reactive protein {mg/L) 2.2(1.0-3.8)
Fibrinogen (g/dL) 36t10

255 * 157 =301 (—424 10 —17.7}
104 * 11 =3{-5w1H
6.7 £ 4.7 ~79(- 110w —4.8)
228 £ 48 =71 (~106 to —36)

359 (276-432) =561 (= 1054 10 —416)
55 x 24 - 114 (=147 to —80)
138 £33 352110 50)
x5 7(6t09)

31 400 x 6500 = 3600 (—-06500 to — 6001
69 000 * 23 600 =13 200 (—-23 900 10 - 2500)
1.2 (0.8-2.5) —08(-3.2t00.0)
2805 -08(-1.210 -0.1

* Median difference for C- reactive protein and triglycerides.
'1n 13 subjects.

HDL = high-densiry lipoprotein; HOMA = homeostasis model assessiment; IL-6 = interleukin-6; LDL = low density poprotein; TNF-u = tumor

necrosis factor-a; VLDL = very Jow-density lipoprorein.
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Table 3. Correlations between Differences (Placebo-Bezaf-
brate) in Inflammatory Parameters, Lipoproteins, Glucose, and
Insulin in Hypertriglyceridemic Patients

A C-Reactive Protein A Fibrinogen

Correlation Coefficient (r)

A Fibrinogen 0.56~ .

A Triglycerides ~0.04 0.15
A Total Cholesterof 0.07 0.16
A HDL Cholesterol 0.03 0.22
4 LDL Cholesterof ~0.01 —0.15
A VLDL Cholesterol —0.06 0.08
A Insulin —-0.12 0.18
4 Glucose -0.10 0.02
A Insulin resistance —0.10 0.39

* P = 0.02. All other carrelations ure not significant.
A = change in; HDL = high-density lipoprotein; LDL = low-density
lipoprotein; VLDL = very Jow-density lipoprotein.

levels. Staels et al. observed that 4 weeks of fenofibrate
therapy reduced C-reactive protein levels significantly in
mildly hyperlipidemic patients {21), whereas bezafibrate
did not affect C-reactive protein levels in patients who
had type 2b hyperlipidemia and cardiovascular disease
(22).

Hypertriglyceridemia is part of a complex metabolic
disorder, characterized by high serum triglyceride levels
and low HDL cholesterol levels. It is also associated with
insulin resistance and obesity (23). This characteristic
phenotype is likely to contribute to the inflammatory
state in severe hypertriglyceridemia. Several reports have
described associations between insulin resistance and
obesity, and systemic inflammation (24-26). Further-
more, HDL cholesterol has anti-inflammatory effects, as
demonstrated by its capacity to clear inflammatory me-
diators (27), to inhibit the expression of adhesion mole-
cules on the endothelial wall {28), and to scavenge oxida-
tion products {29). Thus, the inflammatory state in sub-
jects with severe hypertriglyceridemia may be linked to
ane or more of these phenotypic features. Identification
of the metabolic pathway that leads to systemic inflam-
mation requires further experiments because of the inter-
relation between inflamnyation, lipids, obesity, and insu-
lin resistance (10,30-32).

Our observations of the effects of fibrates on C-reactive
protein level (33,34) and production capacity of TNF-a
and 11.-6 (35) are similar 10 those seen with statins. In the
studies of statins {33,34), as well as in the current study,
no relation was observed between therapy-induced
changes in C-reactive protcin and lipid levels. in addi-
tion, we could not demonstrate relations between the
change in systemic inflammatory parameters and insulin
resistance.

The mechanism of the anti-inflammatory properties of
statins is not known. Statins reduce the expression of

messenger ribonucleic acid, as well as lower protein levels
of proinflammatory cytokines and PPAR-a in human en-
dothelial cells and hepatocytes (36). Statin-induced inhi-
bition of the Rho signal pathway activates PPAR-a (37).
In addition, PPAR-a mediates the anti-inflammatory ef-
fects of fibrates by negative regulation of the nuclear fac-
tor-«xB and activated protein-1 signaling pathways (38),
which are responsible for activation of inflammatory re-
sponse genes, such as TNF-a and 1L-6. Thus, although
fibrates, synthetic PPAR-a agonists, and statins activate
PPAR-a by different pathways, their anti-inflammatory
effects may be mediated through a common mechanism.

The anti-inflammatory effects of fibrates may be of
clinical relevance, since C-reactive proteinand fibrinogen
levels are associated with cardiovascular disease (2-5).
Unfortunately, no data are available on the effects of fi-
brates on inflammatory parameters in previous large-
scale trials. Whether the anti-inflammatory effects of
bezafibrate in patients with severe hypertriglyceridemia
occur in other patients and contribute to the fibrate-as-
sociated cardiovascular risk reduction in patients with
mild-to-moderate hypertriglyceridemia needs to be de-
tesmined.

In conclusion, we found that severe hypertriglyceride-
mia with insulin resistance is associated with systemic
inflammation, which may contribute to the increased risk
of cardiovascular disease in these patients. Bezafibrate
therapy has anti-inflammatosy effects, as represented by
reductions in the ex vivo production capacity of TNF-a
and IL-6 and in the plasma levels of C-reactive protein
and fibrinogen,
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A Randomized Crossover Trial

340) Substituting Walnuts for Monounsaturated Fat Improves the
977 Serum Lipid Profile of Hypercholesterolemic Men and Women

Daniel Zambén, MD; Joan Sabaté, MD, DrPH; Sonia Muioz, PhD; Betina Campero, RD;
Elena Casals, MD; Manuel Merlos, PhD; Juan C. Laguna, PhD; and Emilio Ros, MD

Background: It has been reported that walnuts reduce
serum chotesterol levels in normal young men.

Objective: To assess the acceptability of walnuts and
their effects on serum lipid levels and low-density lipopro-
tein (LDL) oxidizability in free-living hypercholesterolemic
persons.

Design: Randomized, crossover feeding trial.

Setting: Lipid clinic at a university hospital.

Patients: 55 men and women (mean age, 56 years) with
polygenic hypercholesterolemia.

tntervention: A cholesterol-lowering Mediterranean
diet and a diet of similar energy and fat content in which
walnuts replaced approximately 35% of the energy ob-
tained from monounsaturated fat. Patients followed each
diet for 6 weeks.

Measurements: Low-density lipoprotein fatty acids (to
assess compliance), serum lipid levels, lipoprotein(a) levels,
and LDL resistance to in vitro oxidative stress.

Results: 49 persons completed the trial. The walnut diet
was well tolerated. Planned and observed diets were
closely matched. Compared with the Mediterranean diet,
the walnut diet produced mean changes of ~4.1% in total
cholesterol level, ~5.9% in LDL cholesterol fevel, and
—6.2% in lipoprotein(a) level. The mean differences in the
changes in serum lipid levels were —0.28 mmol/L (95% Cl,
-0.43 to —0.12 mmol/l) (~10.8 mg/dL {-16.8 to ~4.8
mg/dL]} (P << 0.001) for total cholesterol level, —0.29
mmol/L (Ci, —0.41 to —0.15 mmol/L) (-11.2 mg/dt {—16.3
to —6.1 mg/dL]) (P < 0.001) for LDL cholesterol ievel, and
—0.021 g/L (Cl, —0.042 to --0.001 g/L) (P = 0.042) for lipo-
protein(a) level. Lipid changes were similar in men and
women except for lipoprotein(a) levels, which decreased
only in men. Low-density lipoprotein particles were en-
riched with polyunsaturated fatty acids from walnuts, but
their resistance to oxidation was preserved.

Conclusion: Substituting walnuts for part of the mono-
unsaturated fat in a cholesterol-lowering Mediterranean
diet further reduced total and LDL cholesterol levels in
men and women with hypercholesterolemia.

Ann Intern Med. 2000:132:538-546.

Far suthor alliliations, current addresses, and contributions, see
end of text.

Lifcstyle modification is the cornerstone of pop-
ulation-based strategies for prevention of coro-
nary heart disease and is the first line of therapy in
patients with hypercholesterolemia. Diets low ir; - 1-
urated fatty acids and cholesterol have long bcen
recommended to decrease low-density lipoprotein
(LDL) chotlesterol levels and reduce cardiovascular
risk (1). Ample evidence suggests that polyunsatu-
rated fatty acids and monounsaturated fatty acids
have a similar cholesterol-lowering effect when sub-
stituted for saturated fatty acids (2-4). However,
most studies of fatty acids and blood lipids have
been done with fats and oils, rarely with whole fatty
foods. Because people usually buy and consume
whole food products, it is desirable to know the
effects of specific foods on risk factors for coronary
heart disease.

Recent reports suggest that the regular consump-
tion of nuts might reduce cardiovascular risk 1 ).
Walnuts are particularly rich in polyunsaturated farty
acids (6), and epidemiologic evidence suggests that
frequent walnut consumption protects against coro-
nary heart disease (7). In a controlled feeding trial
by Sabaté and colleagues (8), a diet in which wal-
nuts represented 55% of the energy from fat re-
duced blood cholesterol levels in normal young men
when compared with a standard low-fat diet. How-
ever, the results cannot easily be extrapolated to the
population at risk for coronary heart disease be-
cause women, older age groups, and hypercholester-
olemic persons were not studied (8). In addition,
because meals were served at a metabolic kitchen,
the study did not address the question of wheth:2r
free-living persons would incorporate substant-al
quantities of walnuts into their diets. Because oxi-
dized LDL plays a key role in atherogenesis (9) and
oxidative damage involves peroxidation of polyun-
saturated fatty acids in LDL lipids (10), there is
concern that walnut intake may promote LDL oxi-
dation. Therefore, we designed a dietary intervention
study in free-living adult men and women with poly-
genic hypercholesterolemia to compare the effects
of a walnut-rich diet with those of a cholesterol-
lowering Mediterranean diet on serum lipid levels,
lipoprotein levels, and LDL resistance to oxidation.

§38  ©2000 American College of Physicians—American Society of Internal Medicine

Methods

patients

Adult men and women with polygenic hypercho-
lesterolemia attending the Lipid Clinic of the Hos-
pital Clinic of Barcelona were eligible if they had
serum LDL cholesterol concentrations greater than
3.36 mmol/L (130 mg/dL) and triglyceride concen-

7. trations less than 2.82 mmol/L (250 mg/dL); no
‘\ evidence of alcohol, tobacco, or drug abuse; absence
;. of diabetes mellitus and liver, kidney, thyroid, or

other endocrine diseases, as assessed by medical
history, a complete physical examination, and labo-
ratory tests; no intake in the previous 8 weeks of

4. medications known to affect lipid metabolism, in-
* cluding hypolipidemic agents and estrogen com-

pounds in women; infrequent consumption of nuts
and no known history of allergy to them; and no
- use of multivitamin or vitamin E supplements. Be-

%ﬁf_ cause the target population had common (poly-
¢ genic) hypercholesterolemia, we excluded persons

: whose elevated blood cholesterol levels had a strong

- genetic basis (such as heterozygous familial hyper-

> cholesterolemia or familial combined hyperlipid-

i emia), as established by standard criteria. On ad-

mission to the Lipid Clinic, all patients were advised
to follow a Mediterranean-type hypolipidemic diet

(1D).

For a crossover design, statistical power calcula-

1 0.39 mmol/L (15 mg/dL’), 34 patients would need to

complete the two treatment periods (a statistic,
"0.05; power > 0.8). From a computerized register of
: clinical records, 75 hypercholesterolemic patients
#(35 women and 40 men) who initially met the eli-
; '} gibility criteria were selected for screening and were
* asked to participate in the study. They were offered
. free walnuts but no monetary compensation.

;' Study Design
‘A crossover design was-used. Patients were ran-
domly assigned to the two diet sequences by using
a coinputer-generated random-number table, with
stratification by sex. Because patients followed each
d.iet for 6 weeks and lipoprotein changes due to
I8 dietary intervention stabilize in less than 4 weeks
i) J3“,'(12), we did not incorporate a washout period be-
i tween diets. In their crossover feeding study with
. walnuts, Sabaté and colleagues (8) did not observe a
- carryover effect. In the week before the trial began,
445" patients received expert dietary counseling individ-
ik vally and in a group class. Twice during the pretrial
week and on weeks 5 and 6 of each one of the two
dietary periods, patients came to the clinic for a
.. medical visit, an interview with the dietitian, anthro-
- pometric measurements, and blood extraction. The

e
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main outcomes of the study were changes in serum
levels of total and LDL cholesterol from the control
diet_period to_the walnut diet_period. Secondary
outcomes were changes in other lipid variables and
oxidizability of LDL particles. The study protocol
was approved by the institutional review board of
the Hospital Clinic of Barcelona, and all patients
gave informed consent.

Diets

The experimental diets were individually pre-
scribed and were based on estimated epergy re-
quirements. Because participants ate on their own,
detailed dietary information was provided to themn
and, if appropriate, to their partners. Diets werc
calculated in increments of 200 kcal to cover the
range from 1600 to 2200 kcal. The control diet was

stuffs. Red meut and eggs were limited, vegetable
products and fish were emphasized, olive oil was
indicated for culinary use, and no nuts were al-
lowed. The walnut diet was similar to the control
diet, but walnuts partially replaced olive oil and
other fatty foods. Prepackaged daily allowances of
raw, shelled walnuts were provided daily in amounts
varying from 41 g to 56 g (the equivalent of & to |1
walnuts), according to the participants’ tota! energy
intake. Walnuts were consumed as snacks or with
meals in desserts or salads. In the walnut diet, wal-
nuts contributed approximately 18% of the total
energy and 35% of the total fat, To improve com-
pliance, each family unit was given 1000-g packs of
walnuts at the beginning of the walnut diet period.

Adherence to the study diets was carefully mon-
itored. Unannounced 24-hour diet recalls were per-
formed weekly by telephone during the two dietary
periods, for a total of 12 recalls per patient. This
method allows reliable estimations of food intake
(13). The nutrient composition of the diets was
calculated with Food Processor Plus software, ver-
sion 5.0 (ESHA Research, Salem, Oregon), which
was adapted to nutrient databases of specific Med-
iterranean foods when appropriate. We defined
noncampliance as at lcast 20% deviation from di-
etary instructions regarding walnut or nutrient in-
take. Compliance during the walnut diet was also
assessed at each clinic visit by a count of the empty
wafnut packages. The fatty acid content of LDL
lipids was analyzed as a biological measure of ad-
herence to the prescribed diets.

Laboratory Measurements

Blood samples were obtained after an overnight
fast, and serum and EDTA plasma were collected
and processed immediately. Serum tipid and apolipo-
protein levels were determined as described else-
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where (1), 1 boiet, secum chalesterol and triglyc-
cride levels were measured by using enzymatic
reagents (Trinder, Bayer Diagnostics, Tarrylown, New
York) adapted to a Cobas Mira automated analyzer
(Hoffmann-LaRoche, Basel, Switzerland). High-
density lipoprotein (HDL) cholesterol was quan-
tified after precipitation with phosphotungstic acid
and magnesium chloridc. Levels of apolipoprotein
A-l and apolipoprotein B were determined by an
immunoturbidimetric method (Unimate 3, Roche
Diagnostic Systems, Basel, Switzerland). Measure-
ments of the cholesterol content of very-low-density
lipoprotein particles and LDL particles were hased
on preparative ultracentrifugation (11). Lipopro-
tein(a) levels were measured by using an immuno-
turbidimetric method (Lipoprotein(a) SPQ 11 Test
Kit, DiaSorin, Stiliwater, Minnesota).

To obtain the LDL fraction for falty acid and
oxidizability studies, lipoproteins were fractionated
by sequential centrifugation adjusting with NaBr to
separate very-low-density lipoprotein particles (d =
1.006 g/mL) and to obtain LDL particles (d = 1.063
g/mL), as described elsewhere (14). Low-density lipo-

protein futty acids were mensured by capiliary Bas
chromatography in the cholesteryl ester, phospho-
lipid, and triglyceride lipid fractions (14). Low-den-
sity lipoprotein susceptibility to oxidation was deter-
mined by measuring the a-tocopherol content of
LDL particles and conjugated diene kinetics after
incubation of 50 pg of LDL protein with 5 wmol of
copper sulfate at 37 °C (15, 16). '

Statistical Analysis

The two measurements obtained at baseline and
at the end of each dietary period were averaeod.
Means and SDs are presented for each meis.:ve-
ment. With methods described by Fleiss (17), two-
tailed r-tests were used to compare changes in out-
come variables in response to dietary treatment and
diet period and carryover effects for the two-period
crossover design. Differences between the walnut
and control diets were also tested by analysis of co-
variance using general linear models; baseline val-
ues or sex were used as covariates. Analyses were

75 Eligible Patients

—

55 Palients Were

20 Patients Not Randomly Assigned
(15 Daclined Participation,
4 Did Not Mest Lipid Criteria,
1 Developed Recurrent Angina)

Randomly Assigned

Control Diet
{27 Patients)

Walnut Diet
(28 Patiants)

3 Patients Were
Noncomptiant | *

1 Patient Was Noncompliant
1 Patient with Partial Gastrectomy
Did Not Tolerate Wainuts

24 Patients Evaluable
at 6 Weeks Jpitiated
Walnut Diet

26 Patients Evaluable
at 6 Weeks Initialed

Control Diet

v
24 Patients 25 Patients
Completed Trial Compieted Trial

[ 1 Patient Was Noncompliant

Figure 1. Flow of patients.
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Table 1. DBaseline Characteristics of Study Patlents

variable Women (n = 27) Men (n = 28} All Paents {n = S5)_
Mean * 50 Range Mean * SD Range Mean + SD
Age. ¥ 59+8 42-68 53 x12 28-72 56+ 11
weight, kg 65.0=89 47-79 75.2 2127 55-101 706 x 121
Body mass index, kg/m? 26334 19-34 275229 20-33 270+ 31
Waist-to-hip ratio 0.88 * 0.09 0.75-1.05 0.95 + 0.04 0 85-1.01 09) £ 007
Blood pressure, mm Mg
Systolic 124 £ 20 95-160 123 216 90-160 123 = 18
Diastolic 81 x12 60-100 77282 55-85 9=

Serum lipids, mmolfft (mg/dt)
Total cholesterol tevel
Low-density lipoprotein

cholesterol level
High-density lipoprotein
cholesterol level

0 + 0.34(62 + 13) 1.01-2.22 (39-86)
Triglyceride level 1.42

0.51{126 = 45)  0.73-2.66 (65-236)

*
*

7.42 + 0.75(287 = 29) 6.05-8.79(234-340)

5.22 £ 0.70(202 = 27) 4.09-6.47 (158~250)

698 + 0.88(270 * 34) 5.74-B.61{222-333) 72) * 083(279 + 32)
478 * 0.85(185 * 33) 3.36-652(130-252) 5.05 + 0.75{195 = 29)

*0.28(51 + 11) 0.67-1.91 (26-74) 0.31(56 * 12)
-

132 .44 +
1.56 = 0.41 (138 = 36) 0.89-2.81(79-249) 1,51 = 043 (134 + 38)

performed by using SAS software (SAS, Inc., Cary,
North Carolina) (18).

. Role of the Funding Sources

The California Walnut Commission provided

" funding and walnuts. Research grants were also ob-

tained from national and local nonprofit agencies.
The funding sources were not involved in the
design of the study and had no role in the collec-
tion, analysis, or interpretation of the data or in the
decision to submit the manuscript for publication.
None of the authors has any financial interest in the

. nut food industry.

Results

Patient Characteristics

Of the 75 eligible patients, 20 left the study be-
fore randomization for various reasons (Figure 1).
Tabie 1 shows the baseline characteristics of the 55
patients (27 women and 28 men) who met all of the

. eligibility requirements, entered the study, and were

randomly assigned to one of two dietary interven-
tion sequences. Twenty-two women were postmeno-
pausal. Nine patients (6 men and 3 women) had
high blood pressure that was controlled with anti-
hypertensive medication. Seven patients (5 men and
2 women) had coronary heart disease.

As shown in Figure 1, 6 patients withdrew before

. completing the two phases of the study. The base-

line serum lipid profiles of the patients who were
excluded for noncompliance were similar to the
mean values of the overall group. Forty-nine partic-
ipants (23 women and 26 men) completed both
phases of the study. Subsequent data refer only to
this group.

Dietary Compliance and Body Weight

The nutrient content of the self-reported diets
was close ta that of the planned diets (Table 2). The
fatty acid composition of the control diet reflected
the high monounsaturated fatty acid content of ol-
ive oil, and the fatty acid caompasitian of the walnut
diet mirrored the constitution of walnut fat, wbich
is particularly rich in polyunsaturated fatty acids.
Other nutrients had differences that were small but
statistically significant. The significance can be ex-
plained by the high statistical power of the study,
the use of calorie-adjusted nutrient values, and the
participants’ close adherence to the prescribed diets;
all of these factors resulted in small SDs. According
to participants’ reports and to recounts of empty
packages, compliance with walnut ingestion was 100%.
The analysis of LDL cholesteryl ester fatty acids
during the two dietary periods confirmed that par-
ticipants had closely adhered to the prescribed diets.
When the treatment effect of the walnut diet was
compared with that of the control diet, molar per-
centages of oleic acid decreased 3.9 (Cl, ~4.6 to
~—3.2), molar percentages of iinoleic acid increased
6.6 (CI, 8.0 to 5.0), and molar percentages of a-lino-
lenic acid increased 0.34 (CI, 0.44 to 0.25) (P <
0.001 for all comparisons). The respective mean
changes of molar percentages of oleic acid, linoleic
acid, and a-linolenic acid were —20%, 14%, and 83%.
Similar changes occurred in LDL phospholipids and
triglycerides.

Body weight was stable throughout the two inter-
vention diet periods (Table 3). Daily walnut consump-
tion was well tolerated by most patients. Twenty-five
patients reported softening of the stools associated
with walnut consumption. After walnut ingestion, 3
patient described mild symptoms of postprandial
heaviness and bloating; however, these symptoms
did not lead to withdrawal.
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tabie 3. Enmpiaitien ul tha Brevirihed and Okssrved Giudy Disty

—
vanable Conteol Dist Walnut Diet P Value for Comparisong
) T T between Actual Diets
Prescnbed Actual* Prescribed Actual*
Energy, kcalld 1600-2200 1771 =152 1600-2200 1824 = 178 0116
Energy denved from fat, % 302 31212 327 332+1.3 <0.001
Saturated fatty acids 58 69 =07 5.0 6007 >0.2
Monounsaturated fatty acids 17.6 17511 132 135206 <0.001
Polyunsaturated fatty acids 42 48 0.5 1.8 11.7+08 <0.001
Linoleic acid (€13 2n-6) 33 38+04 36 9506 <0.001
«ec-Linolenic acid (C18'3n-3) 04 0401 19 1801 <0.001
Energy denved from protern, % 18.1 190 1.1 16.6 17911 <0.001
Energy derived from carbohydrates, % 51.7 498 + 21 50.7 480*19 <0.001
Cholesterol, mg/1000 kcal 103.9 1248 + 242 778 90.8 + 170 <0.001
Soluble fiber, g/1000 kcal 4.8 47:08 5.0 47=+08 >02
Vitamin E (1otaly, mg/ 1000 kcal 8.2 71x08 89 9908 <0.001
a-Tocopherol, 1ng/1000 kcal 58 58+ 06 5.1 4.7 06 <0.001
witamin €, mg/1000 kcal 76.2 978+ 288 76.3 830z 239 0.007

* Values aie the mean = 50 and weie estimated from one 3-day food record and s 24-hos

Effects on Serum Lipids and Lipoproteins

Figure 2 shows the changes from baseline values
in serum lipids, lipoproteins, and apolipoproteins
A-1 and B. The actual values at baseline and at the
end of cach dietary period as well as the differences

of eflect between dietary _interventions_are present-
ed in Table 3 No carryover effect was seen between
the periods. The mean total cholesterol level de-
creased by 9.0% (0.65 mmol/L {25 mg/dL]) during
the walnut dict and by 5.0% (0.36 mmal/L [14 mg/
dL)) during the control diet. Similarly, the mean
LDL cholesterol level decreased by 11.2% (0.57
mmol/L [22 mg/dL}]) during the walnut diet and by
5.6% (0.28 mmol/L |11 mg/dL]) during the control
diet. The two diets did not differ with respect to
their eflects on levels of HDL cholesterol, very-low-
density lipoprotein cholesterol, triglycerides, or apo-
lipoprotein A-I. Apolipoprotein B levels decreased
after the two diets in parallel with LDL cholesterol
levels (Table 3). The mean ratia of LDL cholesterol
to HDL cholesterol did not change during tbe con-
trol diet and decreased hy 8% during the walnut

Table 3.
the End of Each Diet Period*

ur diet recalls during each diet period

diet. The differences between the effects of the diets
on the lipid profile did not change materially when
they were adjusted for baseline values or sex by
analysis of covariance.

Table 3 and Figure 2 show the effects of the two
diets on lipoprotein(a) levels. Lipoprotein(a) levels
decreased by 9.1% (0.033 g/L) during the walnut
diet and 3.4% (0.012 g/L) during the control diet.
The difference in lipoprotein(a) reduction between
the two diets was statistically significant in men
(P =0.041) but not in women (P> 0.2). In addi-
tion, this difference was statistically significant in
patients with baseline lipoprotein(a) levels less ii:«n
or equal to 0.3 g/L (P = 0.042) but not in those with
baseline levels greater than 0.3 g/L (P > 0.2).

Low-Density Lipoprotein Oxidation

The a-tocopherol content of the LDL particles
and the lag time of conjugate diene formation dur-
ing copper-induced LDL oxidation were similar dur-
ing the control and walnut diets (Table 3).

Serum Lipid and Lipoprotein Levels, Analytes Related to Low-Density Lipoprotein Oxldation, and Body Welght at

Vatiable Mean 8aseline

Measurements *+ SD

Mean Measurements dhirng
Walnut Diet = SC

Mean Measurements during
Control Diet * 5D

Total cholesterol level, mmolit (mg/dl) 7.16 = 0.85(278 * 33)
LDL cholestero! level, mmoi/l (mg/dt) 5.05 = 0.77 {196 * 30)
HOL cholesterol level, mmolil (mg/dt) 144 x0.33(56 = 13)
VLOL cholesterol level, mmolil {mg/at) 067 = 0.33(26 = 13)
Tnglyceride level, mmoliL (mg/dt) 154 = 0.48 (136 * 43)
Apolipoprotein A-| level, g/t 1.70 £ 0.24
Apolpoprotein B level, g/t 1.65 + 0.23

LDL HDL 1atio 3611
Lipoprotein(a) level, g/t 035x024
a-Tocopierol level, ug/mg of LDL protein 92 %15

Lag time of conjugated diene production, min 419 *65

8ody weight, kg 706 =120

6.81 = 079(264 +31) 6.52 + 0.90 (253 % 35)
4.77 * 0.64 (185 * 25) 4.48 = 0,77 (174 * 30}
137 £031(53 = 12) 1.42 = 0.36 (55 = 14)
0.64 = 0.36(25 * 14) 05920332313
1.51 £ 0,50 (134 * 44) 1,42 £ 0.50(126 * 44}
161 = 0.21 1622023
1.52 £ 0.21 1.44 2022
37210 34210
0.34 024 0322022
7.2x22 75x24
42068 406260
701 =123 69.9 % 12.5

“HDL ~ hugh-density DL = love-ul
1 Average differences Letween control and walnut dueu were calculated by 1he melhod desc
t Walnut dwt compared with control diet

, VLDL = very-low-densily bpoprolein

tibed by Flews (17)
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Discussion

In this 12-week crossover dietary intervention
trial in 49 free-living, hypercholesterolemic men and
women, we found that substituting walnuts for ap-
proximately 35% of the energy from fat without
changing saturated fatty acid intake in a cholesterol-
lowering Mediterranean diet further decreased total
cholesterol and LDL cholesterol levels. Use of wal-
nuts did not affect HDL cholesterol levels and
thereby improved the ratio of LDL cholesterol to
HDL cholesterol. Our findings are consistent with
those of an earlier study in normal young men (8)
and extend the results of that study to older persons
of either sex with elevated blood cholesterol levels.
In addition, apolipoprotein B levels decreased after
the walnut diet in parallel with LDL cholesterol
levels, and lipoprotein(a) levels decreased in men
and in patients whose baseline levels were greater
than 0.3 g/L. Furthermore, LDL particles were en-
riched with polyunsaturated fatty acids from walnuts
but preserved their resistance to oxidation.

The design of the study—an outpatient crossover
feeding trial—presented difficulties in ensuring com-
pliance. However, these difficulties were partially

" offset by detailed dietary instructions, regular re-

inforcement, and frequent 24-hour diet recalls per-

" formed weekly by telephone throughout the trial.
- Manageable daily allowances of walnuts and their
pit distribution into different recipes also facilitated
&l compliance during the walnut phase of the study. In

fact, compliance was very good and the actual diets
consumed closely matched the prescribed diets. The
observed changes in the fatty acid composition of
LDL lipids are congruent with this assertion. Be-
sides the predictable differences in monounsatu-
rated fatty acid and polyunsaturated fatty acid con-

o tent, the caloric value and nutrient composition of
' the two diets were similar (Table 2). The patients

! Table 3—Continued

Treatment Effect Percentage P Value for

(95% Cit Changet Comparisons
between
Diets
~0.28(-04310 ~0.12)(~10.8[-16.8t0 ~4.8) -4.1 <0.001
-029(-0.4110 -0.15)(-11.2[-16310 -6.1) -59 <0.001
0.04 (0.10to ~0.01) (1.6 [3.9 to —0.5)) 32 0.134
—0.05(~0.1210 0.03}(~1.8[-4.6 to 1.0} =72 >0.2
~0.09(-0.20100.02) (-8 [- 18 to ~2)) -6.1 0.103
0.01(0.05 to —0.03) 06 0.103
—0.07 (-0.11 to —0.03) -47 <0.001
=0.3(-05to0 -0.1) -8.1 <0.001t
=0.02 (-0.042 to ~0.00%) -6.2 0.042
03(-1.2t0c 1.8} 4.0 >0.2
=154(-3.4010032) -33 0101
=02(-041t00.0) -0.3 007

consumed slightly less chalesterol during the walnut
diet than during the control diet, a small dificrence
that only partially explains the extent of the walnut
diet’s cholesterol-lowering effect (19). Because body
weight was not modified, our findings cannot readily
be attributed to changes in body weight ar caloric
intake. In a recent 8-week intervention study with a
lower degree of dietary control, a diet containing
substantial quantities of walouts had no hypolipi-
demic effect when compared with a standard tow-fat
diet in 21 hypercholesterolemic men (20).

Substantial epidemiologic and experimental evi-
dence indicate that a diet high in saturated fatty
acids from animal fat is associated with elevated
levels of blood cholesterol, which in turn are related
to high incidence of coronary heart disease (1). It is
also widely acknowledged that cholesterol levels can
be reduced if saturated fat in the dict is rcplaced by
unsaturated fatty acids from vegctable oils and fats;
this effect can be predicted by the amounts of fatty
acid classes exchanged (2-4). Recent meta-analyses
of studies comparing dietary monounsaturatcd and
polyunsaturated fatty acids suggest that their effects
on serum lipids are simitar when 4% to 109 of the
energy of each fatty acid class is substituted for the
other (2-4). To ascertain the extent to which the
different fat content of the two diets could explain
the observed reduction in LDL cholesterai during
the walnut diet, we applied the recently devetoped
predictive models that include the regression coef-
ficients for percentage energy changes in dietary
saturated and polyunsaturated fatty acids, monoun-
saturated fatty acids (2, 3), and dietary cholesterol
(4). These equations predicted decreases ranging
from 0.13 to 0.18 mmol/L (5 to 7 mg/dL), which are
smaller than the average observed decrease of (.29
mmol/L (11 mg/dL) but close to the lower 95% CI
of the actual change (Table 3). Therefore, the hy-
polipidemic effect of the walnut diet can be ex-
plained in part by its fat content. Most comparative
studies of the effects of unsaturated fats on serum
lipid levels have used plant and vegetable oils as
sources of monounsaturated fatty acids (oleic acid)
and polyunsaturated fatty acids (mainly linoleic acid).
However, walnuts are solid, complex foods that may
influence blood lipids by the nonfat components of
their matrix; this could be investigated in a feeding
trial that compares the lipid effects of whole walnuts
with those of walnut oil.

Lipoprotein(a) is an apolipoprotein B-containing
lipoprotein that has been found to be a determinant
of the risk for coronary heart disease in clinical and
epidemiologic studies (21-24). Evidence suggests that
it is also an independent predictor of nonfatal myo-
cardial infarction and coronary death in hyper-
choesterolemic men (25). Almost all cross-sectional
and retrospective studies have shown an increase in
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cardiovascular risk associated with plasma levels of
lipoprotein(a) greater than the 8ith percenule (>0.3
g/L) (21). Blood concentrations are primarily con-
trolled by genetics, and it is generally believed that
dictary factors have a negligible effect. The wal-
nut dict modesty but sigaificantly reduced lipo-
protein(a) levels in men (but not in women as a
group) and in paticnts with bascline serum levels
greater than 0.3 /L. This is interesting in view of
the observation that pharmacologic doses of n-3 poly-
unsaturated fatly acids from fish oils might have a
beneficial clicet on lipoprotem(a) lfevels (26-28).
The effect of n-3 fatly acids from plant sources on
lipoprotein(ua) requires further study.

Dietary fatty acid composition largely determines
the fatty acid composition of serum lipoprotei:
which in turn influences the rate and extent of their
oxtdation (10). Unlike saturated and monounsaturat-
ed fatty acids, polyunsaturated fatty acids are suscep-
tible to oxidation (10). Nevertheless, enrichiment of
L.DL particles with polyunsaturated faity acids dur-
ing the walnut diet did not alter their resistance to
oxidative damage, as assessed by a-tocopherol content
(the principal protection of LDL particles against
oxidation) and the lag time of conjugaled diene
formation (the only measure of LDL oxidation that
has been associated with coronary heart disease
in clinical studies [29, 30]). Other components of
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walouts that have antioxidant potential, such as
a-tocopherol and other phytochemicals, may be re-
sponsible for the lack of change in LDL oxidizabil-
ity. Nonetheless, the fact that walnut intake is asso-
ciated with a reduced risk for coronary heart disease
(7) argues against an atherogenic effect caused by
altered susceptibility of lipoproteins to oxidative
damage.
Besides improving the serum lipid profile, walnut
consumption may ofter additional cardiovascular
protection. Among naturally occurring foods, wal-
nuts are one of the highest sources of the n-3 fatty
acid a-linolenic acid; they contain approximately 7 g
of ce-linolenic acid per 100 g of edible matter (6). In
recent reports from large prospective studies, di-
etary intake of a-linolenic acid has been inversely
associated with risk for fatal coronary heart disease
(31-33). In a secondary prevention trial, a Mediter-
rapean diet enriched with a-linolenic acid had a
striking beneficial effect on coronary heart disease
morbidity and mortality when compared with a pru-
dent western-type diet (34, 35). The low ratio of
linoleic acid to a-linolenic acid in that study (4.5:1)
was similar 10 that seen during the walnut diet in
our study (5:1). Dietary a-linotenic acid may reduce
the risk for death from coronary hearl disease be-
cause of its antiarrhythmic properties (36) and other
antiatherogenic effects (37, 38).

Our investigation adds further weight to the ac-

" cumulating evidence that regutar intake of nuts has

a cholesterol-towering effect (5). Since the first ep-

“idemiologic evidence that frequent nut consumption
vreduces the risk for coronary heart disease was re-

ported (7), two large prospective studies have con-

- firmed the observation (39, 40). It is reasonable to
. assume that cardiovascular protection is due, at

least in part, to improvement of the lipid profile.

" The proportion of saturated fat in western diets is

generally higher than that in Mediterranean diets. If
the lipid profile is improved by partially substituting
walnuts for typical Mediterranean foods and oils,
which are rich in monounsaturated fatty acids and
low in saturated fat, greater benefits might be ob-
tained by partially substituting walnuts for tradi-
tional western dietary fats.

From Hospital Clinic and School of Pharmacy, University of
Barcelona, Barcelona, Spain; and Loma Linda University, Loma
Linda, California.

Acknowledgments: The authors thank Nahyr Schinca, RD, and
Ana Pérez-Heras, RD, for dictary counseling of the participants
in the study. Catherinc Bouchet, Antonia Codinach, and Ana
Ascnsio provided skillful technical assisiance with the luboratory
measurements.

Grant Support: By the California Walnut Commission, Fundacio
Privada Catalana de Nutricid i Lipids, Fondo dec Investigacidnes
Sanitarias de la Seguridad Social (FIS 94/0077), and Comisidn

Intermimsteriab de Ciencia y Yeenologia (CICY T, SAF 97/0215.
and OLY 96/2)32).

Requests for Single Reprints: Emilio Ros, MD, Lipul Clinic, Nu-
trivion & Dietetics Service, Hospital Clinic v Provincial, Villarrocl
170, E-08036 Barcclona, Spain.

Requests To Purchase Bulk Reprints (minvnum, 100 copies) ar-
bara Hudson, Reprints Coordinator: phone, 215-351-2037: ¢-nwail.
bhudson@matil.acponline.org.

Current Author Addresses: Drs. Zambon and Ros and Ms. Camp-
cro: Lipid Clinic, Nutrition & Dictetics Service, Hospital Clinic i
Provincial, Villarroel 170, E-UBD36 Barcelona, Spain.

Dr. Sabaté: Department of Nutrition, School uf Public Health,
Loma Linda University, Loma Lmda, CA 92350

Drs. Mufoz, Merlos, and Lagunys: Pharmacology Unit, School of
Pharmucy, University of Barcelona.- E-08028 Barcctona. Spain.
Dr. Casals: Department of Clinical Biochemistry, Hospial Chinic
i Provincial, Villatrocl 170, E-08036 Barcelona, Spain.

Author Contributions: Conception and design: D. Zambén, J.
Subuté, E. Ros.

Analysis and interpretation of the duta: D. Zambon, J. Sabate,
J.C. Laguna, E. Ros.

Drufting of the article: D. Zambon, L.C Laguna, E. Ruos

Critical revision of the article tor important inteHectual con-
ent: D, Zambon, §. Sabaté, J.C. Laguna, E. Ros

Final approval of the art D. Zamhon,
B. Campero, E. Casals, M. Mctlos, J.C. Laguna, E. Ros.

Provision of stndy materials ar paticnts: D Zambon, 13, Campero

Statistical expertisc: D, Zamban, ) Sabatc.

Obtaiming of funding. D. Zambon, 3. Sabat¢, LC lLaguna,
. Ros.

Administrative, technical, or logistic support: S. Mudoz, E. Casals,

Collection snd assembly of data: 5 Muaoz, B. Campero.

E. Casals, M. Merlos.

References

. Ulbricht TL, Southgale DA Coronary heart disease seven dielary factars

Lancel 1991;338.985-92

Mensink RP, Katan MB. Eflect of dietay fatly acids on serum lipnds and

lipoproleins. A raela-analysis of 27 1nals Artenoscler Thvomily 1992,12.914 9

3. Yu S, Derr I, Etherton TD, Kris-Etherton PM Plasina cholesterol-predic-

1ve equations demonstrate that stearrc acid 15 neutial and monounsaturated

fatty acds are hypocholesterolemic Am ) Chin Nuti 1995,61°1129-39.

Clarke R, Frost C, Collins R, Appleby P, Peto R. Dieiary bpids and blood

cholesterol: quantitalive rneta-analysis of metabelic ward studies 8M). 1997

3141127

Sabaté J, Fraser GE. Nuts a new prolective focd aganst coronary hearl

disease Curr Cpin Lipidol. 1994;5 11-6

Exler ), Weihrauch JL. Provisional 1able on the cantem ol armene-3 fany

acids and olher fat components in selected foods Washingion, OC US

Depaitment of Agnculture, 1986 {publication HNIS/PY-103)

. Fraser GE, Sabaté i, Beeson WL, Strahan TM. A possible protective effect

of nut consumption on nsk of coronary hearl disease fhe Adventisi Heallh

Study Arch Intern Med. 1992,152.1416-24

Sabalé ). Fraser GE, Burke K, Knutsen SF, Bennert H, Lindsted KD.

Effects of wwatnuis on serum lipid levels and blood pressure n norraal men

N Engi ) Med. 1993,328:603-7.

Steinberg D, Parthasarathy 5, Carew TE, Khoo JC. Witztum JL. Beyond

cholesterol Modifications of love-density ipoproten that increase ns athero-

gencily N Engl J Med. 1989,320 915-24.

. Tsimikas S, Reaven PD. The role of dielary fatty acids i ipoprotesn oxida-
ton and atherosclerosis Curr Opin Lipidol 1998,9 3017

. Zambon D, Ros E, Casals E, Sanllehy C, Bertomeu A, Campero I. Eflert
of apolipoproten E polymorphism on the serum lipid response 10 ¢ hypolipr-
demic diet rich in monounsaturated falty auds in patients with hyperchatis
tecolenia and combined hyperhpidenua Am } Clny Nutr 199561 141-8

. Kris-Etherton PM, Dietschy J, Design criiena for studies examining ndwd-
val fatly acid effects on cardrovascular disease 1isk. factors human and anwmal
studies. Am 1 Chn Nutr. 1997,65(Supgl): 1 5905-65

. Buzzard ). 24-hour dietary recall and foud record methods In. Widlett W ed
Nutntional Epidernialogy 2d ed New York® Oxford Univ Pr. 1998 SQ-73
Varquez M. Alegret M, Adzet T, Merfos M, taguna JC. Gemlibrozil
madifies acyl compositon of liver nuciosomal phosphiclipids [rom guinea-pigs
without promoting peroxisomal prohferaton Biochem Phaimacol 1993:46
1515-8.

15. Kieinveld HA, Hak-Lemmers HL Stalenhoef AF, Demacker PN

~

Lol

"

Lg

~

»

e

~

©

=

4 April 2000 « Annals of Imernal Medicine - Volume 132 « Number 7 545


http:appro\'all.lf
http:Jcsig.l1
http:Ph;:lIm~.cy
http:bhuLlsiJlI@mail.acp(1nlinc.org
http:8.~-0.15
http:a.~--0.10

(05) Cardiovascular Effects of Sildenafil
(1441 During Exercise in Men With Known

or Probable Coronary Artery Disease
A Randomized Crossover Trial

Adelaide M. Arruda-Qlson, MD, Ph(
Douglas W. Mahoney, MS

Ajay Nehra, MD

Marilyn Leckel, RN

Patricia A. Pellikka, MDD

RECTILE DYSFUNCTION AFFECTS

30 million men in the United

States' and frequendly coexists

with coronary artery disease.
Since Lhe Food and Drug Administra-
tion approved the use of sildenalil ci-
trate for the treatment of erectile dys-
function, millions of prescriptions have
been issued.? Reporied adverse car-
diac events associated with sildenafil use
include acute myocardial infarction,
ventricular wachycardia, hypotension,
and death,*” raising concerns about the
salety ol this agent in patients with coro-
nary arlery disease.

Sildenafit is a cyclic guanosine mono-
phosphate—specific 1ype 5 phosphodi-
esterase inhibitor. Phosphodiesterase 5
is located not only in the corpus cav-
ernosum, but also in other vascular tis-
sue, including arteries and veins.® Ad-
verse cardiovascular events associated
with sildenalfil may be duc to myocar-
dial ischemia during sexual activity,
with aggravation ol ischemfa by a va-
sodilaior effect. Published guidelines re-
garding the management of cardtac pa-
tients with erectile dysfunciion suggest
that sildenafil may be hazardous in pa-
ents with ischemic heart disease and

For editorial comment see p 766.

©2002 American Medical Association. AN rights reserved,

Context The relationship between sildenafil citrate use and reported adverse car-
diovascular events in men with coronary artery disease (CAD) is unclear.

Objective To evaluate the cardiovascular effects of sildenafil during exercise in men
with CAD.

Design, Setting, and Subjects Randomized, double-biind, placebo-controlled cross-
over trial conducted March to October 2000 at a US ambuiatory-care referral center
among 105 men with a mean (SD) age of 66 (9) years who had erectile dysfunction
and known or highly suspected CAD.

Interventions All patients underwent 2 symptom-limited supine bicycle echocar-
diograms separated by an interval of 1 to 3 days after receiving a single dose of silde-
nafil (50 or 100 mg) or placebo 1 hour before each exercise test,

Main Outcome Measures Hemodynamic effects of sildenafil during exercise (on-
set, extent, and severity of ischemia) a d by exercise echocardiography,

Rasults Mean (SD) resting ejection fraction was 56% (7 %) {range, 39 % -68%). Af-
ter sildenafif use, resting systolic blood pressure was reduced from 135 (19) mm Hg to
128 (17) mm Hg, for a mean change of -7 mm Hg (95% confidence interval [CY), -9
to ~4 mm Hg; P<.001). After placebo use, the mean (SD) change was from 135 (20)
mm Hg to 133 (19) mm Hg, a difference of -2 mm Hg (95% Clt, -6 to 0.3 mm Hg;
P=.08). The ditference between mear change after sildenafil and placebo use was
4.3 (95% Cl, 0.9-7.7; P=.01). Resting heart rate, diastolic blood pressure, and wall
motion score Index (2 measure of the extent and severity of wali motion abnormali-
ties) did not change significantly in either group. Exercise capacity was similar with
sildenafil use (mean [SD), 4.5 {1.0] metabolic equivalents) and placebo use (mean [SD],
4.611.0) metabolic equivalents; mean difference, 0.07; 95% Cl, -0.06t0 0.19. P=.29).
Exercise blood pressure and heart rate increments were similar. Dyspnea or angina de-
veloped in 69 patients who took sildenafil and 70 patients who took placebo (P=.89);
exercise electrocardiography was positive in 12 patients (11%) who took sildenafil and
17 patients (16%) who took placebo (P=.09). Exercise-induced wafl motion abnor-
malities developed in similar numbers of patients atter siidenafil and placebo use (84
and B6 patients, respectively; P=.53). Wall motion score index at peak exercise was
simitar after sildenafil and placebo use (mean {SD), 1.4 0.4} vs 1.4 (0.4}, mean dif-
ference, 0.01; 95% Cl, -0.01 to 0.03; P=.40).

Conclusion In men with stable CAD, sildenafil had no effect on symptoms, exercise
duration, or presence or extent of exercise-induced ischemia, as assessed by exercise
echocardiography.
JAMA. 2002:287:719-725
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that clinicians should use caution In
prescribing this medication.’
However, it Is also possible that the
concern regarding adverse events asso-
clated with stidenafil may instead stem
from the cardlovascular demands of
sexual activity, the health of the popu-
lation for whom sildenafil is pre-
scribed, an adverse Interaction with ni-
trates, or reporting bias. Hence, the
purpose of this study was Lo assess the
hemodynamic ellects of sildenalil dur-
ing exercise, including the eflect on the
onset, extent, and severity of electrocar-
diographic and echocardiographic evi-
dence of ischemia {in men with known
coronary artery disease or high pretest
probability of coronary artery disease.

METHODS

All study subjects were men older than
40 years with erectile dysfunction and ej-
ther known coronary anery disease
(250% dismeter stenosis of a major epi-
cardial vessel or one of ts major
branches, history of myocardial Infarc-
tion, prior positive stress imaging test re-
sult, or prior coronary artery bypass sur-
gery or angioplasty) or a high (>70%)
pretest probability of coronary artery dis-
ease, according to the presence of typi-
cal angina pectoris.” Subjects werw re-
cruited via posted advertisemenis, Mayo
Clinic newsletter announcements, and
physiclan referrals; in all cases, primary
care physicians agreed to the subjects’
participation. All subjecis had adequate
resting echocardiographic images, were
able 10 exercise, and agreed to partici-
pate in the study. No subject had asthma,
severe aortic sienosis, hypertrophic ob-
structive cardlomyopathy, unstable an-
gina, recent myocardial infarction
(within 1 month), significant arrhyth-
miz or atrial fibrillation, congestive heart
fatlure, hepatic insufliciency, renal tn-
sufficiency, or a systolic blood pressure
less than 90 mm Hg. No subjecls were
receiving therapy with dipyridamole, the-
ophyiline, erythromycin, or cimeti-
dine, nor had they used stldenafil within
the previous 24 hours. The use of long-
acting nitrates was discontinued at least
72 hours belore 1esting; the use of other
cardioactive medications was contin-

T20 JAMA, February 13, 2002—Vol 187, No. 6 (Reprinted)

ued. The stldenalll clirate dose was 50
mg, unless another dose was recom-
mended by the man’s physician. The
study was approved by the Institutional
review board of the Mayo Clinic, Roch-
ester, Minn. Written informed consent
was obtained [rom all subjects.

Exercise Echocardiography

Al patients underwent 2 symptom-
limited exercise echocardiograms sepa-
rated by an interval of 1 10 3 days. Car-
dioactive medications were not changed
between the 2 tests. Subjects were ran-
domized in a double-blind crossover de-
sign to receive a single dose of sitdenafil
or placeba L hour belore the exercise test.
The order of administration was deter-
mined by a randomization schedule in
blocks of 10, generated within the Sec-
tion of Biostatistics, Mayo Clinic, so that
hall of the study population underwent
the initial test after receiving sildenalil
and half after recetving placebo. Silde-
nafil and placebo preparations, identi-
cal in appearance, were prepared in the
institution’s pharmacy and labeled “first
test” and “second test” for each study, ac-
cording to the randomization schedule.
Unblinding was performed only alter the
database was closed.

Baseline echocardiographic images
(parasternal long-axis and short-axis
views and apical 4-chamber and 2-cham-
ber views) were obtained and repeated
1 hour after the administration of silde-
nafil or placebo. The exercise echocar-
diogram was performed with a supine bi-
cycle (Medical Positioning, Kansas City,
Mo) attached to a table tilted 30° to 45°
10 the left. Subjects began exercising at
15 W, with a 25-W increase in the re-
sistance at 2-minute siages. Workload in
metabolic equivalent tasks (METs) was
calculated with a standard equation lor
ergometer exercise.” Echocardio-
graphic imaging was performed continu-
ously during each stage of the exercise
protocol by using an ultrasound system
{Acuson Sequoia, Mountain View, Calil)
with a 3-MHz transducer and harmonic-
imaging mode. The study was recorded
on videotape, and represeniative car-
diac cycles were acquired, digitized, and
stored for each standard view at rest, 25

W, peak exercise, and hinmediate recov-
ery. The criteria lor test termination were
development of symptoms, including fa-
tigue, a systolic blood pressure de-
crease greater than 10 mm Hg, ventricu-
lar ditation or global reduction of systolic
function, or significant arrhythmia.
Baseline blood pressure and heartrate
were recorded beflore sildenalil o pla-
ceho administration and immediately
belore the exercise test. During exer-
cise, blood pressure and pulse were re-
corded at the end of each stage, a 12-
channel electrocardiogram was
obtained each minute, and 3-channel
monitoring of cardiac rhythm was per-
formed continuously.'>!" After termi-
nation ol exercise testing, subjects were
monitored for 15 minutes. Oxygen via
nasal cannula and intravenous esmo-
lol hydrochloride were available for
treatment of persistent symptoms and
evidence ol marked ischemia.

Stress Echocardiogram
interpretation

luterpretation of the echocardio-
graphic studies was performed by a single
experienced reviewer (P.A.P.) blinded 10
clinical inlormation, subject identity, and
results of the other stress echocardio-
gram. Each study was scored semiquan-
titatively with a 16-segment modcl."?
Each segment was analyzed individu-
ally and scored by motion and sysiolic
thickening at rest, 1 hour alter medica-
tion, and with exercise. Wall motion was
scored according to a 5-point grading sys-
tem (1 = normal or hyperdynamic. 2 = hy-
pokinedc, 3= akinetic, 4 =dyskinetic, and
5=aneurysm).'®"! The wall motion score
index (WMS1) was calculated at restand
with exercise as the sum of the scores di-
vided by the number of segmenis visu-
alized. The normal response 10 exercise
was an increase in cantractility. Myeo-
cardial ischemia was diagnosed when the
exercise echocardiographic images docu-
mented a new regional wall motion ab-
normality or worsening of preexisting
wall motion.”®'! Resting wall tnotion ab-
normalities were classilied as inlarc-
tion. For assessment of the number of
vascular regions with echocardio-
graphic abnarmalities, the anterior, an-

2002 American Mudical Associntion. All rights reserved.



terssepial, widinfarosaprat, and
segmants were alirfbuted to the le
terlor descending coronary artery, the an-
terolatersl and inferolateral segments 1o
the clrcumflex, and the inferior and basal
inferoseptal segments to the right coro-
nary artery. The percentage of ischemic
segments was determined at peak exer-
cise. The heart rate at the onsel of new
or worsening wall motion abnormati-
ties was recorded. Lelt ventricular ejec-
ton fraction and end systolic volume
were assessed at baseline, 1 hour alter ad-
ministration of sildenafil or placebo, and
at peak exercise by using the biplane Sim-
pson method."

Exercise electrocardiography re-
sults were considered positive lor is-
chemia if there was horizontal or
downsloping ST-segment depression of
1 mm or more at 80 milliseconds alter
the J point, nondiagnostic if the base-
line ST segment was abnormal, or nega-
tive for ischemia in the absence of these
criteria. The heart rate at which the elec-
rocardiogram result became postiive
was recorded.

Statistical Analysis

Continuous variables were summa-
rized as the mean (SD). Categorical vari-
ables were summarized as percentages.
In the first step of the analysis, a test for
residual carryover cllects of sildenalil was
conducied for each variable and none
were significant (all P>.05).'* For con-
tinuous variables, Lreatment effects were

assessed by calculating the difference be-
wween firstand second study dara. The

ilferences were then compa
tween the subjects randomize
ceive placebo and then sildenafil vs silde-

nafil and then placebo by using the’

Lsample ieS{with corresponiding 9%
confidence Intervals (Cls).™ The
ed-pairs paired ( test was used to

ilferences between premedi-

cation and posimedication data (ie, be-
fore vsalier sildenalil administraton and
before vsalter placebo administratfon).
To evaluate diflerences in categorical
data, variables were categorized as fol-
lows: -1, positive result in the first study
and negative result in the second study:
Otposi\ive resultinboth studies or nega-

©2002 Amnerican Medical Assoclation. Al rights reserved.

[ o
vive ramuh in both studien; and |, nega-
tive result in the firi study and posi-
tive result in the second siudy. The linear
rendy test for percentages was then used
1o assess slgniflcant tremtment differ-
ences by comparing these caiegoriza-
\jons between the subjects randomized
to placebo and then sildenafil vs silde-
nalil and then placebo.' Odds ratios and
corresponding 95% Cls for these com-
parisons were estimated with the method
of Gart'” and converted 1o relative risk
estimates by using methods described by
Zhang and Yu.""

The sample size for this study was
based on detectable diflferences of exer-
cise WMSI between the 2 treatments,
Our inltia! estimate of the SD for exer-
cise WMSL for this study was 0.6 and was
based on treadmill stress echocardio-
graphic studies conducted in men who
were older than 40 years and had known
or high pretest probability of coronary
artery disease between January 1990 and
September 1998. A conservative esti-
mate ol the SD of the paired difTerence
in exercise WMSI between the 2 exami-
nations would be approximately 0.85 (ie,
¥2%0.6), which is considered conser-
vative because observations on the same
subject under the dilferent treatments
will be positively correlated, thus reduc-
ing the SD of paired differences. Given
the estimates, this study had approxi-
mately B0% power to detect a mean in-
crease In exercise WMS] of 0.24 be-
tween the 2 treatments, assuming a
2-sided significance level of .05 with 100
subjects (analyses performed with SAS
software version 6.12 {SAS Institute Inc,
Cary, NCJ). In at least 3 of the 16 seg-
ments, this increase corresponds to 1 or
more levels on average per subject (eg,
3 or more segments that change [rom hy-
pokinesis to akinesis).

RESULTS

Study Group

From March 4, 1999, through October
4, 2000, 1 10 men were randomized into
the study (FIGURE). Of the 105 subjects
with evaluable data, the mean (SD) age
was 66 (9) years (range, 43-87 years).
Ninety-three (89%) had known coro-
nary artery disease and 29 (28%) had

. . ]
Figure. A Randomiration of Study Patiants
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typical angina pectoris. Ninety-seven
men (92%) received 50 mg of sildenafit
citrate; 8 (7%) received 100 mg. The me-
dian interval between tests was 24 hours
(range, 22-77 hours). The use of long-
acting nltrates was discontinued in 21
subjects (20%) 72 hours before exer-
cise testing. Subjects’ clinical character-
istics are summarized in TABLE 1.

The baseline electrocardiogram re-
sult was abnormal in 59 patients (56%):
15 (14%) had previous Q-wave myo-
cardial infarction, 42 (40%) had ST-
ségment abnormalities, 1 (1%) had lelt
ventricular hypertrophy, 7 (7%) had
right bundle-branch block, 1 (1%) had
{eft bundle-branch block, and 13 (12%)
had other conduction abnormalities.

Resting wall motion abnormalities
were present in 60 patients (57%),
whereas the mean (SD) resting WMSI
was 1.2 (0.3). The mean (SD) resting
ejection [raction was 56% (7%) (range,
39%-68%). A resting ejection fraciion
of less than 50% was present in 16
men (15%) and less than 40% in only
2 men (2%).

Blood Pressure and Heart Rate

Resting heart rate did not change sig-
nificantly alter sildenafil administra-
tion {(mean diflerence, 1/min; 95% Cl,
~0.1102.1; P=.08). Systolic blood pres-
sure decreased signilicantly after stlde-
nafil administration (mean [SD], 135
[19} mm Hg to 128 [17) mm Hg; mean
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difference, =Y mm Hg; 99% Cl, <0 to
-4 mm Hg, P<.001); this significant de-
crease was not observed with placebo
(mean (SD}, 135 [20] mm Hg to 133
{19}, mm Hg; mean difference, -3 mm
Hg; 95% Cl, -6 10 0.3 mm Hg; P=.08).
Diastolic blood pressure did not change

i

signifieantly afier sildenafll adminte-
iration (mean difference, -2 mm Hg;
95% Cl, -4 t0 0.1 mm Hg; P=.16) or
placebo.

Exercise hemodynamic data are sum-
martzed in TABLE 2. Alter exercise, the
rate of recovery for heart rate and sys-

Table 1. Clinical Profile of Study Group’

Patients, No. (%}

— 1
Siidenafll First Placebo First

Characteristic {n = 53) (n = 52) P Value
Clinical
Hypercholesterolemiat 35 (66) 45 (87) .01
Hypertensiont 35 (66) 25 {48) 06
Family history of CAD 21 (40) 20{38) 90
Diabstes melitust a7 12 (29) .43
Angine 13 (25) 16 31) a7
Previous CABG 18 (34) 15 (29) 57
Previous PTCA 22 (42) 18 {35) AT
Previous MI 20 {38) 17 33) .59
Medication use
B-Adrenergic blocking agent 27 {51) 30 (58) .49
Calcium chenrel blocking egent 16 (30} 15 (26} 88
Dhuretic 13 (25) 8(12) 08
Angiotensin-converting enzyme Inhibitor 16 {30) 17 (33) .78
or englatensin # receptor blocker
Long-acting nitrates (discontinued) 13 (25) 8 {15) .24
a,-Adrenergic blocking agent 8(15) 6{12) .59
HMG-CoA raductase inhibitar 30 (57} 33 {63) A7
Asplrn or other antiplatsiet egent 42 (79) 44 (85) .47

*GAD indicatas coronary adery disease; CABG, coro!

rery arlary
uminal coronary anglography; M, myocardial infarction; and HMG-CoA, 3
Patients i

ariery bypass grafting strgery; FTCA, percutaneous frans-
-hydroxy-3-methyighutaryl cosnzyme A,
1

1
>140 mm Hy. a diastalic

(5.7 merovy

Ir total am was
or If they were recaning 3 cholesterol-Iwaring medication. Hypertenision was definad 83 2 sysisic biood pressure
biood >30 mm Hg, or the i for an i

prassure a-
betas meus was defined by a fasting blood ghecoss level = 1268 mg/dL. (7.0 mmal/) on et least 2 occasions or Ihe.
hypogiycemic sgants.

requirernent for insulin or oral

ﬁ\;nm. 2. Exercise Test Hemodynamics (N = 105)°

—b

Mean (SD)
Mean Difference
Vertable Placeba {95% CI) P Valus

Heerl rete, beats/min

Restt 84{11) B4{11)  -019(-16101.2 78

Exercise 110{18) 110 (18) -042(-25101.7) .69

Difference (exercise - rast) 46 (14) 45 (14) -0.22(-241019) 84
Systolk blood pressure, mm Hg

Restt 12817} 133 (19) 43(09107.7) o1

Exercise 174 29) 176 (30) -24(-25107.4) 34

Difference (exercise - rast) 46 (24} 44 (26} -19(-681030 45
Diastolic blood pressure, mm Hg

Restt 76{11) 7910) 37191055 <.001

Exercisa 93 (15) 95 (16) 2.2{-052105.0) 1

Diflerence {exercise - rest) 17 (1) 16(12) -15(-4.41014) 32
Doubis product 19294 (5317} 19503 (5423) 209 {-589 to 1007) 60
Exercise capacity, METs 4.5(1.0 4.6(1.0) 0.07 (-0.06100.19) 29

*Clindicates corfidence inlerval: METs, matabolic squivaient tasks.
tResl was measured after madicalion receipl but before exercise ftesting.
$Double product is the prodict of the heart rata and systolic blood pressire at peak axercise.

722 JAMA, February |3, 2002—Vol 287, No, 6 (Reprinted)

1olic and diastolte blood preasure wan
similar for sildenatil anel placebn The
averrge rate of decrense In henrt raie
from peak exerclse was 3% (1%) per
minute for both sildenafil and placebo
(mean dilference, 0%/min; 95% C{,
~0.1% 10 0.1%; P=.88). For systolic
blood pressure, the rate of decrease was
3.6 (1.5) mm Hg/min with sildenafil

.agd 3.3 (1.5) mm Hg/min with pla-

cebo {mean dilference, -0.3 mm Hg/
min; 95% Cl, -0.5100.02; P=.07). Di-
astolic blood pressure decrcased 1.0
(0.8) mm Hg/min with sildenalil and
0.9 (0.8) mm Hg/min with placcbo
(mean difference, ~0.1 mm Hg/mnin;
95% Cl, -0.3 10 0.1; P=.30).

Clinical, Electracardiographic,

and Echocardiographic Response
The resting WMSL did not change sig-
nificantly after adminisiration of silde-
naflil (mean dilference, 0; 95% CI,
-0.005 10 0.003; P=.53} or placcbo
(mean difference, 0;95% Ct, -0.005 to
0.005; P>.99). The resting ejection [rac-
tion did not change significantly (56%
[7%) before and 57% [7%) alicr silde-
nafil; mean dillerence, 0.3%; 95% Cl,
-0.5% to 1.0%, P=.43) or placebo ad-
ministration.

Symptoms ol dyspnea or angtna de-
veloped in 69 men taking sitdenalil and
in 70 men taking placebo (P =.89). Rea-
sons [or termination of exercise and
electrocardiographic interpretations
were similar with sildenalil and pla-
cebo use (TABLE 3). One subject de-
veloped hypotension with excreise al-
ter taking 100 mg of sildenafil citrate.
This subject’s blood pressure de-
creased [rom 114/70 to 90/60 mm Hg
at peak exercise. Blood pressure in re-
covery was 70/50 mm Hg. The subject
was asyinplomatic and was treated with
a 500-mL intravenous bolus of iso-
tonic sodium chloride solution. Hypo-
tension persisted for 22 minutes. This
subject was taking a calcium channel
blocking agent, an a,-adrenergic re-
ceptor blocking agent, and aspirin.

There were no deaths, acute myo-
cardial infarction, or ventricular fibril-
lation associated with exercise stud-
ies. Nasal oxygen was administered

$2002 Amerfean Medical Association, Al rights ceserved.



during the recovery period in 6 men
(6%) taking sildenafii and 2 (2%) tak-
Ing placebo (P=.16). No subjects re-
quired treatment with an intravenous
B-blocker during recovery.

The interpretation of exercise echo-
cardiograms was similar lor sildenafil
and placebo (P=.49). The overall sum-
mary of tnterpretations of exercise echo-
cardiograins was as follows (TABLE 4):
results were normal in 16 subjects
(15%) taking sildenafil and 14 (13%)
taking placebo, ischemia was present
in 25 subjects (24%) 1aking sildenafil
and 27 (26%) taking placebo, infarc-
tion was presentin only 5 subjects (5%)
1aking each, and infarction with ische-
mia was present in 59 men (56%) tak-
ing sildenalil and placebo. In silde-
nafil and placebo groups, there was no
difference in the numbers of subjects
with any ischemia (84 and 86 sub-
jects, respectively; p=.53) or multives-
sel ischemia (59 and 57 subjects, re-
spectively; P=.62) or tn WMSI during
exercise, ejection Iraction, or heart rate
at onset of ischemia.

COMMENT

Inthis prospective, randomized, double-
blind crossover study in men with erec-
tile dysfunction and known or prob-
able coronary artery disease, sildenalil
administered 1 hour before maximal,
symptom-limited exercise testing was
well tolerated and did not change the on-
set, extent, or severity of ischemia, as as-
sessed by exercise electrocardiography
or echocardiography.

Risk factors lor erectile dysfunction
and coronary artery disease are simi-
lar and include age, diabetes mellitus,
hypertension, and smoking."” The co-
existence ol coronary artery disease and
sexual dysfunction in middle-aged and
older men is comman, Phase 2/3 stud-
ies of sildenafil include predomi-
nantly patients without coronary ar-
tery disease and patients at low risk for
coronary artery disease. ln those stud-
ies, sildenalil improved erectile func-
tion and was well tolerated, and the in-
cidence of severe adverse elfects was
dow. ™ However, in palients who have
used sildenalil, 130 deaths have been

2002 Amerlean Medical Association. Al rights rescrved.

reported to the Food and Drug Admin-
Istration.”? Seventy-seven had cardlo-
vascular events, including 41 with defi-
nite or suspected myocardial infarction,
27 with cardiac arrest, 6 with cardiac
symptoms, and 3 with coronary artery
disease. Accordingly, there has been
concern regarding the safety of silde-
nalit in patients with ischemic heart dis-
ease.” The men in our study are likely
representative of many seeking treat-
ment for erectile dyslunction.

This Is the first repon, 1o our knowl-
edge, 1o describe exercise testing with
sildenalil monitored by both electrocar-
diography and an imaging technique.

Exerctse echocardiography ls & well-
validated, noninvasive technique to
evaluate patients with known or sus-
pected coronary artery disease.”* % It is
sale, sensitive, and specific, with an over-
all accuracy similar to that observed with
other imaging techniques and higher
than that of exercise electrocardio-
graphy.” In our study, bicycle exercise
echocardiography allowed continuous
echocardiographic imaging through-
out exercise, which enhanced the safety
of the study. It also permitted assess-
ment of the heart rate at which new wail
motion abnormalities, indicative of {s-
chemia, first developed.

Table 3. Exercise Test Characteristics®

Patienta, No. (%)

Variable Piacebo Relative Risk (95% Clit P Veive
Reeyon for lerminetion of exercise
Fetigue 62 (59) 65 (62) 0.82 {0.28 to 1.35) 57
Oyspnee 26 {25) 26 (25) 1.000.18 10 2.81) >.99
Leg distress 16 (15) 11(10) 3.42{0.32 10 B.91} .18
Angina 0 1) NE NE
Hypertension 0 20 NE NE
Hypotension 1) 0 NE NE
Arrhythrnlas
Ventricular sctopy 51 (48) 55 (52) 0.74(0.27 to 1.39) .48
‘Supraventriculer ectopy 36 (34) 46 {44) 0.35 {0.09 to 1.09) .07
Exercise ECG interpretation
Negative 85 (81) 80 {76) 0.05{0.001 10 1.15) 09t
Positive 12(11) 17 (16}
Nondiegnostic BB 88
Mear (SD) heart rate at onsst 11(21) 114(22) -2.87{-B.88 1o 1.55/§ 52

of ECQ posttivity, beats/min

*NE indficales not astimeble because of the small mumber of events; ECG, electrocardiogram.
+Tha number of discordant results waa low, rasuling In 'arge confidancs inlervals (Cls) for some of the relative rsk

eslimates.

fComparison of poshive ECG resul va negetive or nonciagnastic ECG resuit.

§Refers 10 mean differsnce raiher then refative risk.

Table 4. Exercise Echocardiography®

Mean Difference

Varlable Slidenafll Placebo {95% CI) P Valus

Rest achocardiograpty

WMS! 12103 1.2(03) -0.005(-0.02100.005 .30

Efection frection. % 56 (7) 55 (1) —-1.08{-1.90 to -0.26) 01
Exarcisa echocerdiography

WMS!H 1404 1.4(0.4) 0.01{-0.01 t0 0.03) .40

Ejection frection. % 60 (10) (9) 0.38 (-0.74 to 1.48) 50

Ejection fraction difference, %+ 40(81) 4464 0.33 (-0.79 to 1.45) .56

LV end systolic volume, mLt _7(14)  -8(12) 0.61(-2.33 10 3.55) 68

Parcentagas of ischemic sagments 19{17) 20017 0.01(-0.01 to 0.02) 51

Heart rate at onset of new wafl 96 (14) 9B (16) -0.32(-236101.73) .76

motion abnormelitias, beats/min

*Data ara given a3 maan (SD) sxcapt whera noted. Ci indicetes confidence Interval; WMSI. wall motion scors indax;

and LV, lefl vertricle.
{Diflerence between exsrcise and resi measurementa.
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In most of our subjects, exerclse ech-
ocardiography demonstrated exercise-
induced myocardial ischemia, How-
ever, exercise was no more likely to
induce ischemia alter sildenalil use than
alter placebo use. The extent and se-
verity of ischemia and the heart rate at
which it developed were similar. In this
study group of 105 men, despite fre-
quent ischemia alter either placebo or
sildenalil use, there were no clinically
significant events. However, the study
was powered only ta assess the impact
of sildenalil on extent and severity of
ischemia. Larger numbers would be
needed 10 assess any potential impact
on clinical events.

Despite the randomized, double-
blind design of the study, subjects may
have been able to determine when they
received sildenalil. However, the para-
medical stall members who adminis-
tered the test were not told which drug
the subject had received. The physi-
cian who interpreted the Lests was not
present during the performance of the
tests. Therelore, It Is unlikely that non-
blinding could have affected the re-
sults of this study.

In our study subjects, there was a
slight decrease in blood pressure at rest
alter sildenaflil administration, with-
out changes in heart rate. A discrete
blood pressure reduction at rest alter
sildenalil administration has been at-
tributed to vasodilation and described
both in healthy subjects and patients
with stable angina. " The peak plasma
concentration [ollowing an oral dose oc-
curs approximately 1 hour alter siide-
nafil administration.’ The maximum
decrease in blood pressure occurs at this
time.’** Therelore, to maximize any
potential adverse efTects of the drug,
stress testing was performed 1 hour af-
ter administration of the drug.

Exercise, including sexual activity,
may trigger acute coronary events in pa-
tients with coronary artery disease ®-%
{n our subjects, the exercise-induced in-
cremients in blood pressure and heart rate
with exercise were similar with and with-
out sildenalil use. During sexual inter-
course, heart rate and blood pressure in-
crease as with other forms of exertion.»**
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Hellersteln and Friedman®® monitored
middle-aged men with known or sus-
pected coronary artery disease during
sexual intercourse with thelr spouses at
home and observed a mean peak heart
rateof 117/min. The mean (SD) peak ex-
ercise heart rate of patients in our study
was slightly less (110 (18}/min). Qur ob-
servations suggest that myocardial is-
chemia during sexual activity may be
common in men with stable coronary ar-
tery disease.

The typical maximum workload dur-
ing coitus is approximately 3.3 10 3.4
METs for less than 30 seconds.**
Guidelines rom the American College
of Cardiology and the American Heart
Association suggest that if a patient can
exercise more than 5 to 6 METs with-
out demonstrating ischemia on exer-
cise electrocardiography testing, the risk
of ischemia during sexual intercourse is
probably low.” In our study, which in-
cluded only men who could exercise, the
mean (SD) exercise capacity was not al-
fected by sildenalil use (4.5 {1.0] METs
with sildenalil and 4.6 {1.0) METs with
placebo, P=.29).

In this study, men were not taking
nitrates or had discontinued the use of
nitrates 72 hours belore exercise test-
ing. Both nitrates and sildenalil pro-
mote increased cyclic guanosine mono-
phosphate levels. An interaction during
concomitant administration of silde-
nafil and nitrates promotes marked re-
ductions in blood pressure because of
vasodilation in both animal models and
humans.??** Of the cardiovascular
deaths reported to the Food and Drug
Administration, some Involved a pos-
sible interaction between sildenafit and
nitrates.”? Therefore, the coadminis-
tration of nitrates and sildenalil was as-
siduously avoided in our siudy.

Oral sildenafil increases coronary
flow reserve in severely stenotic coro-
nary arteries Lo an extent comparable
to the increase in normal coronary ar-
teries, thus preserving the ratio of flow
reserve in stenotic and normal ves-
sels.® In another study®’ of patients with
chronic heart failure, orai sildenafil in-
creased epithelium-dependent, flow-
mediated vasodilation when com-

pared with placeho. These studies, albei
in small numbers of patients, support
our conclusions that oral sildenalil does
not have an adverse ellect on stress-
induced myocardial ischemia in pa-
tients with ischemic heart disease.

The number of men with left ven-
tricular dysfunction included in our
study was limited. Although a variety
plmedications were taken by the sub-
jects in this study, numbers were oo
small 1o permit subgroup analysis. Sig-
niflicant hypotension devcloped in a
single subject who had taken 100 mg
of sildenalil citrate. Nunibers of men re-
ceiving the 100-mg dose were Loo small
for conclusions to be drawn about the
salety of this dose in this population.

Patients with known or suspected
coronary artery disease and erectile dys-
lunction should have an individual-
ized assessment before sildenafil pre-
scriptions are issued. Exercise testing
can be performed alter sildenalil ad-
ministration and may be indicated lor
risk stratification ol some patients. Pa-
tients with stable coronary artery dis-
ease who are able to exercise to 4.5
METs without angina or hypotension
and with a negative or mildly positive
stress lest result can probably salcly iake
sildenslil. Further research will be
needed, though, to clarify what levels
of Tunctional capacity and severity of
ischemia can be considered truly sale
for men with coronary disease who wish
to use sildenalil.

CONCLUSIONS

In men who had known or probable
coronary artery disease and werc able
to exercise, sildenafil had no effect on
the presence ot extent ol exercise-
induced regional wall motion abnor-
malities, symploms, exercise dura-
tion, or arrhythmias. in patients who
have stable coronary artery discase and
are not taking nitrates, sildenalil did not
polentiate myocardial ischemia.

Author Contributlons: Study concepl and design, Ar-
ruda-Olson, Mahoney. Nehra, Pellikka

Acquitition of data: Leckel, Pellikka
Analysis and interpretation of data: Amuda-Olson. Ma-
honey, Nehra, Leckel, Pellikka,

Drafting of the manuscript: Arruda-Olson, Ma-
honey, Nehra, Pellikka

D2002 American Medlaal Association. All rights reserved.



Critical revivion of the for

tetlectual content: Mahoney, Lacksl, Pellikka.
Statistical expertise: Mahoney

Obtained funding: Avmdl-O’lmn, Petlikka,
Administrative, technical, or material support.
Pellikka,

Study supervision: Peflikka

cal and U . Maya Clin Moc,
1995,70:5.19,

11, Armstrong WF, PeMlIuPl\ RyanT, CruulzL anﬁb‘
W. Stress echocardiograp) for per-

atton of chest pain and accuracy in the dlagnosis of
coronary artery disaase. Prog Cardiovasc Dis. 1997;
19-923-532.

formance and Onlzrpr!llllnn of stress echocardiogra-
phy.  Am Soc Echacardiogr. 1998;11:97-104,
12, S:h!ll!r NB, Shah PM Crawford M, et al, Rec-

Funding/Support: The study was supp: by grants
from the Mayo Foundation and from the American
Heart Association, Northland Affiliate. Dr Arruda-
Olson was supported by granls from the CAPES Foun-
dabion {Fundaglo Coordenagio de Aperfeicoamento
de Pessasl de Nivel Superior), Brasflia. Braril, and from
the Mayo Foundation.

REFERENCES

1. National Institutes of Health Conse nsus Develop-
ment Panel on impolence. Impotence. JAMA, 1993;
270:83-90.

2. Harrold LR, Gurwitz JH, Fleld T5. et al. The diffu-
sion of & novel therapy into clinical practice: the case
of sildenafil. Arch Intern Med. 2000:160:3401-
3405.

3. Feenstra /, Van Drie-Pierik RJ, Lade CF, Strickec BH.
Acute myocardial Infarction assoclated with silde-
nafil. Lancet. 1998;352:957-958.

4. Porter A, Mager A, Blrnbaum Y. Sclarovsky S, Re-
chavla E. Acute myocardial infarction following silde-
nafil citrate (Viagra) intake in a nitrate free patient.
Clin Cardlol, 1999:22:762-763

5. Shah PK. Sildenafil in the treatment of erectile dys-
function (letter]. N Eng! / Med. 1998:339:699.

6, Hayasht K, Minekakl KK, Narvkawa M, Ookubo
M, Mitsuhashi T, Shimada K. Atrlal fibriflation and con-
tinuous hypotenyion induced by sitdenafil in an inter-
mittent WPW syndrome patient. Jon Heart 1. 1999;
40:827-830.

7. Cheitlln MD, Hutter AM Jr, 8rindis RG, et al. Use
of siidenafil (Viagra) in patients with cardiovascular dis-
ease, Circulation. 1999.99:168-177.

8. Dlamond GA. Forrester JS. Analysis of probability
test a5 an aid in the clinical diagnosls of coronary ar-
lery disease. N Engl / Med. 1979;300:1350-1358.
9. Froelicher VF, Myees IN. tntespretation of hemo-
dynamic responses (o exercise testing. In: Froelicher
VF, Myers IN, eds. Exercise and the Heart. 4th ed,
Phitadeiphia, Pa: WE Saunders: 2000:93-120.

10. Roger VL, Pellikka PA, Oh JK, Miller FA_ Seward
1B, Tajik AJ. Stress =:huuvd|oy-phy part 1: exercise
clink

82002 Awnericun Medical Association, All rights rescrved,

for q ion of Lhe left ventricle
by Wv i echocard hy: American
Society of Echocardiography Committee on Stan-
dards, Subcommiltee on Quantification of Two-
dimensionat Echocardiograms. / Am Soc Echocar-
diogr. 1983:2:358-367.
13. Schiller NB, Aquatella H, Ports TA, et al. Left ven-
tricular volume from paired bi-plane two-dimensional
echocardiogram. Circulation. 1979,60:547-555.
14, Grizzle JE. The two-period change over design and
its use in chinical trials. Biometricy, 1965:21:467-480.
19. Hills M, Armitage P. The two-period cross-over
clinical trlal. 8r J Clin Pharmacol. 1979:8:7-20,
16. Prescott RJ. The comparison of success rates in
crass-over trigls In the presence of an order effect. Appl
Stat 1979:30:9-15.
17. GartJ). An exact test for comparing matched pro-
portions in crossover designs. Blometrike 1969;56:
75-80.
18, ZhangJ. Yu KF. Whal's the relative risk? a method
of correcting tha adds ratio In cohort studies of com-
mon outcomes. JAMA. 1398,280:1690-1691.
19. Feldman HA, Goldstein ), Hatzichristou DG, Krane
IU M:xlnhy /8. impoteace and Ity medical and psy-
lates: resulls of the Massach Male
Aging Study. J Urol. 1994;151:54-61.
20. Goidstein !, Lue TF, Padma-Nathan H, Rosen RC,
Steers WD, Wicker PA. Qral sildenafil In the treal-
ment of erectte dysfunction. N Engi } Med. 1998;
338:1397-1404.
21. Mormles A, Gingell C, Cofling M, Osterloh IH. CBni-
calsafety of oral sikdenafil citrate (Viagra) in the breatment
of erectile dysfunction. fnt / impot Res. 1998;10:69-74.
22. Padma-Nathan H, Steers WD, Wicker PA_ Effi-
cacy and safety of oral sildenafll In the treatment of
erecttle dysfunction: a double blind, placebo-
controlied study of 329 palients. int ! Clin Pradt. 1938;
52:375-380
23. Postmarketing Safety of Slidenafil Citrate (VI-
agra). US Food and Drug Administration Center for
Drug Evaluation and Research. Available at: hitp://
www verily. fda.gov/cder/consumerinfo/viagra
Jsafety3 him. Accessed November 20, 2001,
24, Pellikka PA. Stress echocardiography In the evalu-

25. Fleisch KE, Hunink MG, Runtz KM, Doug-
lag PS. Exerclse echocardiography or exercise SPECT
imaging? a meta-analyshs of dlagnostic test perfor-
mance. JAMA. 1998.280:913-920.
26. Badruddin SM. Ahmad A, Mickelson ). et al. Su-
pine bicycle versus post-treadmil exercise echocardi-
ography in the detection of myocardial ischemia: 2 ran-
domited single-blind crossover trial. / Am Coll Cardiol,
1999:33:1485-1450.
27. seckson G, Benjamin N, Jackson N, Allen M), Ef-
fects of sildenafi citrate on human hemodynamics. Am
1 Cardiol. 1999;83(suppl 5A):13C-20C.
28. Hesrmann HC, Chang G, Klugherz BD, Ma-
honey PD. Hemodynamic effects of sildenafil in men
with severe coronary artery disease. N Engl J Med,
2000;342:1622-1626.
29. Webb DJ, Muirhead GJ, wulf M, Sutton JA, Levi
R, Dinsmore WW. Slidenafi citrate potentiates the hy-
potensive effacts of nitrlc oxide donor drugs in male
patients with stable anginz. 1 Am Colf Cardiol. 2000
36:25-31.
30. Master AM, Jaffee HL. Factors in the onset of coro-
nary oeclusion and coronary insufficlency: effort. oc-
cupation, trauma. and emotion. JAMA, 1952;148:
794.
31, Falk E. Why do plaques rupture? Cirau/ation. 1992;
86:1130-11142,
12. Muller JE, ‘ A, Maclute M,
18. Tofller GH. Triggering myu:lrdlul lnumlun by
sexual activity, JAMA. 1996,275:140: 09.
3. Jackson G. Sexual intercourse lnd mble angina
pectoris. Am } Cardiol, 2000,86:35F-37F,
34, Bohlen JG, Heid )P, Sanderson O, Patterson RP.
Heart rate, rate-pressure product, and oxygen up-
take during four sexusl activitles. Arch Intern Med.
1984;144:1745-1748.
35. Helierstein HK. Friedman EH. Sexual activity and
the post coronary patient. Arch intern Med. 1970;
125:987-999.
6. tshikurn F, Seppu S, Hamada T, Khandhera BK,
Seward JB, Nehra A. Effects of slidenafll citrate (Vi-
agra) eombined with nitrate on the hean. Circula-
tion. 2000;102:2516-2521,
37. Katz SD, Balidemaj X, Homma S, Wu H, Wang J.
S. Acute type 5 ph inhibl-
tion with sildenafil enhances flow-mediated vasodi-
lation In patients with chronic heart failure. 7 Am Colf
Cardiol. 2000:36:845-851

(Reprinted) JAMA, Fchruary 13, 2002—Vol 287, No. 6 728



Sputum eosinophilia and short-term response to prednisolone
in chronic obstructive pulmonary disease: a randomised

controlled trial ((#5)[ %63 ]

Christopher E Brightling, William Monteiro, Richard Ward, Debbie Parker, Michael D L Morgan, Andrew J Wardlaw,

lan D Pavord

Summary

Background Some patients with chronic obstructive
pulmonary disease (COPD) respond to corticosteroid
therapy. Whether these palients have different airway
pathology from other COPD patients is unclear. We tested
the hypothesis that response lo prednisolone is related to
the presence of eosinophitic ainvay inflammation.

Methods We did a randomised, double-blind, crossover
trial. Patients who had COPD treated wilh bronchodilators
only were assigned placebe and 30 mg prednisolone daily
for 2 weeks each, in a random order. separated by a 4-week
washout period. Before and after each treatment period, we
assessed patients with spiromelry, symptom scores. the
chronic  respiratory  disease  queslionnaire  (CRQ),
incremental  shuttle walk {esl. and induced sputum.
Analysis was done by intention to treat.

Flndings 83 patienls were recruited, of whom 67 were
randomised. The geomelric mean sputum eosinophil count
fell significantly after prednisolone (from 2-4% to 0-4%;
mean difference six-fold [95% Ci 3-1-11-4]) but not afler
placebo. Other sputum cell counts did not change. After
stratification into tertites by baseline eosinophil count,
poslibronchodilator forced expiratory volume in 1 s (FEV,)
and total scores on the CRQ inproved progressively after
predmsolone from the lowest lo the highest eosinophilic
tertile, compared with placebo. The mean change in
postbronchodilator FEV,. total CRQ score, and shuttie walk
distance with prednisolone compared with placebo in the
highest tertile was 0-19 L (0-06-0-32). 0-62 (0-31-0-93).
and 20 m (5-35). respeclively.

Interpretation Qui findings suggest that eosinophilic ainvay
inflammation contributes (o airflow obstruction and
symptoms in some patients with COPD and that the short-
term elfects of prednisolone are due to modification of this
feature of the inflammatory response. The possibility that
spulum eosinophilia identifies a subgroup of patients who
particularly respond to longterm trealment with inhaled
corticosteroids should be investigated.
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introduction
The role of corticosteroids in stable chronic obstructive
pulmonary diseasc (COPD) is uncertain.” Guidelines
reflect the perception that a subgroup of patienis
respond to this treatment,’ although identification of
characteristics associated with a positive responsc 1o
short-term or long-term treatment with corticosteroids
has been difficuit.' Corticosteroids cffectively modify
eosinophilic airway inflammation in asthma," but there
is less evidence that they effect the neutrophilic
inflammation that predominates in COPD.' One
possibility is that corticosteroids are effective in COPD
paticnts who have eosinophilic airway inflammation.
Early reports suggested that sputum eosinophilia could
predict clinical benefit from corticosteroids,® but the
ricthods of sputum assessment were crude and the
findings werc not consistent.” Over the past 10 years,
important advances have been made in the techaique of
sputum induction and analysis and mcthods are now
reliable, valid,* responsive, and safe.” Pizzichini and
colleagues' used these methods to show, in a small,
single-blind ~ study, that patients  with  spulum
cosinophilia had a grealer improvement in forced
expiratory volume in 1s (FEV,) and health status aftera
short course of prednisone than those without. We did a
double-blind placebo-controlied crossover study to

define the sputum characteristics of patients with COPD

and to investigate the relation berween the sputum
cosinophil
treaument with prednisolone.

Methods

Patients

\We recruited. from respiratory clinics, patients who had
symptoms of chronic airflow  obstruction, post-

count and the response to 2 weeks of l},

’I 16 patients excluded I
67 patients randomised

¥ v

32 receved 35 received
prednisolone first

placebo first

6 patients excluded 2 patients excluded
| Severe intercurrent Severe
{ {l ilness 2 »| exacerbation 1
) Severe Moderate
exacerbation 2 exacerbation 1
Moderate

il -exacerbation 2

4 33 received
.| prednisolone second

|

26 received
placebo second

|26 completed s(ud_vJ

h ethics committee and all patients gave written
cd consent.

solone 30 mg daily and placebo for 2 weeks cach
audom order (figure 1). The two agents were
s(cred as single white capsules. These were
DAted by the Royal Hallamshire Hospital Pharmacy
&rgmcm, Shefficld, UK. Glenfield Hospital
ahtiicy  Department  did  the  randomisation,
cd lhc study agents, and held the trial codes,

were preceded by a 4 week run-in period and
\d by a 4-week washout period, since shorter
L times have been associated with a carryover
' Patients attended on four occasions belore, and
er the last dose of study medication, at the samc
‘day on each occasion more than 6 h after their
bsc of bronchodilator, and 24 h after the last dose
ng acting [2-agonists. At each visit we assessed

L T T B Y T T P T R TR
e stonr e (O T Tor Bealth sontang o 10O g sl
anlopue scide for syiaplom seores (1o syomptom la the
worsl symptom ever), an incremental shunle walk rest,
and sputum induction for differential ceil count. The
timing of events was kept constant in relation to the
nebulised salbutamol.

We recorded details of smoking status, nornmal
treatment, and atopic and childhood respiratory history.
We recorded symptom scores for dyspnoea, cough,
sputuin production, and wheeze. Spirometry was done
with a Compact Vitalograph spirometer (Vitalograph,
Buckinghamshire, UK). Salbutamol was administercd
via a Flaem Nuova Type Il nebuliser (Deva Medical,
Runcorn, Cheshire) with a median particle size of 2 pimn
and the patient breathing tidally. We recorded FEV, as
the better of two successive readings within 100 mL.
Lung-function tests were done with a benchmark (P XK
Morgan, Chatham, UK) and.lung volumes assesscd by
the helium dilution method. We took venous blood
samples to measure peripheral blood cosinophil count.
total IgE and radioalicrgosorbent tests to  Dermaro-
phagoides preronyssinus, cat fur, and grass pollen.

We asscssed health status with the CRQ, which
consists of 20 questions in four domains: dyspnaca,
{atigue, emotions, and mastery."” A seven-point Likert
scale was used for cach question and the toral score and
cach domain score was recorded out of scven, with a
minimum important difference of 0-5. The incremental
shuttle walk test was done according to a standard
pratocol," which has becn shown to be repeatable after
one practice walk. All patients had a practice walk before

entry into the study. We recorded the total distance of

the completed shuttles.

Sputum was induced and processed as previously
deseribed. ™" Bricfly, sputum was induced by use of 3%,
4%, and 5% salinc, inhaled in sequence for § min via an
ultrasonic nebuliser (Medix, Harlow, UK) 30 min after
25 mg nebulised salbutamol. Once expcctorared, wc
stored sputum on ice for analysis within 2 h. A differcntial
cell count was obtained by counting more than 400 non-
squamous cclls on Romanovski-stained cytospins.

We mecasured sputum elastase in the ccll-lrec
supcrnatant by spectrofluorimetric assay, in  which
methoxy-succinyl-L-alanyl-L-alanyl-L-prolyt-I_-valyl-
amino-methylcoumarin (Sigma, Poole, UK) was used as
the substrate."” We added 50 L of the substrate solution
(0-1 mg/mL) with appropriate negative controls to 50 i
of elastase standards (Elastin Products, Owensville, M,
USA), samples, and quality-contro} samples. The plaie
was read every 5 min with a fluorimeter (Victor Wallac,

bronchodilator FEV, of less than 70% predicted, and an i
FEV /forced vital capacity (FVC) ratio of less than 70%. iJ
We cmoHcd those who had no substantial improvement (i |

3

$ by spirometry before and 15 min after 2-5 mg

Perkin Life Sciences, Cambridge, UK) that used an

in FEV, after taking 2-5 mg nebulised salbutamol (<l5°/° Before predotiolone Alter prednlsolons Bofars placebo Aftor placrho
or, il FEV, <12 L, <200 mL improvement). l-ogro-o:) 1090-05) 109 (0:05) 108 (0 05
i of 1-10 (0-05) 115 (0-05) 1-15 (006 114 (0-06)
excluded patients if they had a clinical dlagnosd 3.28(0-13) 4:34(0-14) 4-03(0 14) 408 (0-14)
asthma, a history of childhood respiratory disorders, 20703 230 (14 23(12) 204012)
variability in symptoms not associated with infections, 2:79(0 05) 237 (0-04) 266 (0 05) 263 (0-05)
ty ymp
history of acute wheeze, breathlessness, or deterioration 2:35(0-09} 0-39 (0-14)} 2-18{0 09) 208 (0-13)
d h all or an exacerbation within 67:9(3-2) 70:4(27) 737 (2:5) 69.0(2:1))
assocvalc wit a ergens,) n] 215(2:3) 254 (2:7) 2241 (2:6) 227(24)
6 weeks of trial entry. Patients taking regular Oed ephhelial cells (%) 117 (02) 1:37{0-23) 099 (0-16) 147 (0.35)
corticosteroids were excluded. In patients taking inhal es (%) 0-40 (0-07} 0-44 (0-15) 0-35(005) 07110 25)
corticosteroids, these drugs were discontinued for @ 3 cells (%) 1:85(0-51) 315(0-49) 2.6 (0-40) 22051
’ “ 76 (28-95) 67 (20-86) 73(23-91) 71(18-89}
least | month before randomisation. We withdrew patien 1454 (0 08) 801 (0:08) 1149.10:09 1296 om
from the study if they had a moderate eaaccrbaum‘{' 53.2(012) 31(012) 42500 1) 36:5 (0 11)
requiring inhaled corticosteroids or antibiotics, 2 severe 8 (ng/mL)* 117 (0-1) 105 (0-1) 112(0-08) 97 (0-1)
cxacerbation needing oral corticosteroids, or a severe i ophitic cationlc protein; CRQ=chronic y disease mean {log SE). 1p<0-01. fMedian (range)

intercurrent iliness. The study was approved by the local i(‘
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WAl fepale ey [RYCIRAY 14 (L)

9 (A%} 10 {43%) T(37%)
Mean (range) ape fyears) 68 (17-R?) 56 119-83) 64 (47-78)
Curront smoker 6 6 5
Ex smokers 14 17 15
Mean (SE) number of pack years 340 525N 37443
Test outcomes (mean |SEY)
Aloprc by positive RAST 7 7 6
IgE (KU/L) 110 (A 145 (52) 108(31)
FBC €0 (X 107/L} 0 1210:02) 0723 (001 017 (0:02)
Shutlle walk distance {m} 176 (21-0)" 247 (225 246(23 3)
Talal CRQ score 3921(0-29) 4.04 1019) 4.08 {0-25)
FEV, (L) 1151009 111 (0 09) 096 (0 08)
Posthronchudiiator FEV, (L) 1:19 (0 14) 115 (0 093 1-01 (0-08)
FEV, % predicted 41 3(2:6) 436 (351 37.8(3-0)
e (L) 23010 14) 225(011) 232017
Tolal lung capacity % predicted 93(4-7) 96(36) 97{36)
Corrected carbon inonoxice ranster 89 {7 B) (17 84(8-5)
confficient (KCO) % predicied
Sputum characteristics}
Eosinoohils (%) 05(0:08) 2:51002) 12:3(0 07}
Neulrophils (%} 79 4 (4.0) 77-4425) 59-1(5-3)°
Total cell count {10° celis/g sputum) 262 (0 1) 27410 08) 288 10-08)
ECP (ng/mL) 1183 (0-13) 869 (0-13) 362(0 12)*
Elastase {pg/mi} 78 (0-19) 21 (0:25) 48 (0-17)
Interlevkan 8 (ng/ml ) 97 [0 18] 98 {0-14) 106(Q-17)
CRQ domaln scotes {mean [SE})
Oyspnoca 354(024) 3472(0-29) 3:36 {0 26)
Fatipue 336(0-30) 382(026) 37510-26)
Emation A4:12(0:26) 453 (025) 466 (0-30)
Mastery A.64 (0 28) 44029 456 (032)
Symptom scores {mean [{SE]}
Cough VAS {min} AT-3(6:1) 76:1(3-5)" 36:3(56)
Sputum VAS tmm} 36 4 (56) 199(25)° 308157?)
Oyspnoea VAS (mm) 50 1{50) A3:8(4-7) 54:2(5-3)
Wheere VAS (mm) 430 {6 ) 26.7(56) 31-3(59)
Sputom charactedsticst
Lymphocytes (%} 03009 0-3(0:07) 0-6(0-13)*
Macrophages (%) 197 (12 226439 213439
Bronchial epithekial {¢) 0-9{0 4) 3Nin?) 1-:3{0-3)
Squamous cells (%} 3:410-42) 1-1(0-51) 26(0-51)
Viahility (%) 77(35-83) 79 {27.95) 68 (23-83)

RAST=tadoallergosorhent trsl *p-0-05, | Values are gromelric mean {SE), excent
newtrophils, which are imean (SF). fValues are gromelnc mean (log SE). except
squamous celis and viatlity. which are median (10R)

Table 2: Baseline characteristics after stratificatlon Into
tertlles by baseline eosinophll counts

excitation wavelength of 340 nm and emission of 455 nm
over 2 h at 37°C. We calculated the standard curve and
unknown values from the maximum slope of fluorescence
cornpared with time curves. We measured interleukin 8
with a commercial ELISA  (OptlEIA - Set, Becton
Dickinson, Cowley, Oxford. UK) and eosmophilic
catiomic protein with a commercial fluorainumunoassay
(Unicap, Pharmacia, Milton Keynes, UK). The limits of
detection for elastase, interleukin B and cosinophilic
cationic protemn were -5 pg/mL. 30 pg/mL, and
18 ng/mL sputum, respectivety, and the between-assay
and within-assay variabilities were between 5% and 10%.
Spiking experiments confirmed complete recovery of
mediators added (o the cell-free supernatant.

The primary outconies were change in_postbroncho-

dilator FEV,, total CRQ score, and shuttle walk distance
after predni e aredwith I?I.:l&'[;(;. ‘I'hi
sccondary oufcome mceasures were changes in the
individial _domains of chronic respiratory di

questionnaire,  symptonmi  scores, and __sp
characteristics. ™~ 7 o :

Statistical analysis
To assess the association between sputum eosinophil
count and pritnary outcomes. we stratified patients into

) Ntne2d) 1y Aan AN
S — — L . - —
020 i ?
ik 0-15{-0:04 10 0-35) 027 (-0 11 10 0-55) 093 (0:50 to J 35}
1
= - i 0-09 (-0 28 10 0-46) 0-42 (0 06 to 0-79)4 05602010091}
= 01519 sion CRQ 0-08(-018100 35) 012{-015100-29) 0-19(-0-11 10 0-£9)
= B hastery CRQ 0:03{-023100:30) 020 (-0-202 10 0:59) 0:8210-37 1o 1 26}t
w — — —_— -
& 010 A
Py 2(-271031) 41 (910 74N 53(-110 106)
0-05 4 Sput - 6{~1510 26) 342 o 66} 45 (18 10 72}t
) < 5(-310 14) 14 (310 27)} 32 (9 10 55)4
o - - iy ~1(-151013) 21(~110 14) 42 (-010 85)
0-00 gpwecte VISt -
putum Indlcasl|
-0.05 — ] Jotal celi counl 1:03 (062 10 1-72) 1-3810:93 10 2:03) 1-11(0 74 10 1 65)
" Egsinophil count 31(0-910 10.6) 5.4{1 21024 2} 69 (1-310 3641t
0 ewropni count -30{~1251065) -45(-1521062) ~19-3(-21-8 10 ~6:8)
Total score on CRQ I basinohile cationic pratem 1206027 1507131 34114108 1t
08 > Bastase 19{0-510 7:5) 12(021065) 28(05t138)
v g.: ¥in 8 1-3(0-310 5:6) 07(01102:9) 211071062
Mbsolute decrease. tp<0-01 $p<0-05. §Percentage decrease. [|Fold deciease except neutraphil count, which is absolule decrease. .
06 : 3: Mean (95% CI) change In secondary outcomes after prednisolone treatment compared with placebo
i - s
o putum differential cell counts as mean (SE) and change FEV, (p=0-003) and total score for CRQ (p=0-02), but
‘,37 04 | B free treatment for these as mean (95% CI). Cell viability not for shuttle walk distance (p=0-56, figure 2). The
413 squamous-cell contamination are expressed as median mean change in postbronchodilator FEV,, CRQ scores,
- i #{fange). Lmprovement in the primary and secondary and shuttle walk distance with prednisolone compared
02 v g :_(';!'nc variables after prednisolonc compared with with placebo in the bhighest tertile were 0-19 L
L icebo arc reported as paired mean differences (95% CI). (0:06-0-32, p=0-0095), 062 (0-31-0-93, p=0-0005), and
: - £ compared differences 1n patients’ characteristics 20 m (5-35, p=0-013), respectively. The change in
00 -~ e : en tertiles by ANOVA, with the Student-Newman- secondary outcome measures showed a simifar
procedure to correct for multiple comparisons. The progressive improvement from least to most eosinophilic
Shuttle walk ficance of the trend between tertiles in the change in tectile. The trend was significant for the chronic
afy and sccondary outcome variables was analysed b respiratory  discase scotes for dyspnoea  (p=0-005),
40 ry 5 y P Y ysp P
_1 tegression. All p values are two-tailed. Analyses were fatigue (p=0-04), and mastery domains (p=0-01), and
2dbne by intention to treat. Paticnts who withdrew in the the symptoms of wheeze (p=0-02), sputum production
30 ' "ﬂ\éu! phase werc assigned a net chaoge of zero for the (p=0-01), and breathlessness (p=0-01, table 3).
B ‘treatment phasc. The decrease in eosinophilic cationic protein in
g response to prednisolone was significant for the highest
S 20 1 cosinophilic tertile (table 3). The concentration of
k3 Htients were recruited, of whom 67 were randomised elastase and interleukin 8 did not differ between the
@ Seven of 45 patients taking inhaled tertiles or in response to predunisolone (tables 2 and 3).
10 Steroids at recruitment were excluded before
) lsation because they developed moderate Discussion
i érbations in the run-in period. The bascline Eosinophilic airway inflammation was common among
04— T 3

c'e‘ri tics of the remaining 38 patients did not differ
nifichntly from the corticosteroid-naive patients. Eight
ﬁgq&g withdrew during the washout period (figure [).

ithicot period or order did not inflluence values
Figure 2: Mean (SE) absolute Increase In primary outcomes catment or the changes in the primary outcome

A wi b AR 3 .
for each tertile after pr I P with p " % comcific: mean. Spuum:  cost il
*p<0-01. {p<0-05 ¢ g putu sinophil count

<1-3 1-3-4.5 >4-5

Baseline sputum eosinophil count

tertiles by baseline sputum cosinophil count. Bascline i
data were derived from measurements taken before the Ji

first treatment phase. The study had more than 80% [

l
] P for other sputum cell counts. 29 (43%)
9 als L difference in ‘??“_{“5 sp ! e 0,
powet at the 5% level to detect a 150 m 5 fits' had a baseline cosinophil differential count

in FEV. within tortiles, assuming a withini SRR TORRAES
e o oF 100 ML~ A sample sioe of cight patient § b ihan the normal range in our laboratory (>3%).
in each tertile would have been sufficient to achieve this i , b“‘ca-" paired difference between p_ermsolone and
power. If, however, we allowed for the possibility of #,fi '.'.ﬁi:, %}%ﬂem for'HnF C}_‘a"g?_‘.ﬂ_Pflmar‘y outcomes
carry-over effect and a 10% dtopout rat¢ before i SRR whole group were: os;bronchodllalor FEV,
), total score on CRQ

¢ ; ‘ W1 (95% C10-01-0-14
has sample siz¢ of 1gg v \ SO A UL 19, P
completion of the first treatment phase, a samp , {f 2(0.17-0-47, p=0-0001), and shutdle walk distance
M (3-21, p=0-01). After stratification into tertiles by

20 patients in cach tertile was required. o
W ed all data with the Minitab staristical packa i \ t i
Ve nalyeds Bscline sputum cosinophil count, patients were well
for age, sex, smoking history, and atopy, and

for Windows (version 11). Spirometry, shuttle walk
distance., total and domain CRQ scores, and symplomi e : ! I )
scores are cxpressed as mean (SE) Eosino‘phil count, totsl 258 Ot-differ in bascline spirometry, lung function, or
3 SE). é

cell count, and mediator concentrations were log normal i n‘;_‘;r“ CRQ (table 2). _

distribured and ate desctibed as geometric mean (log 5 A e MIcrence between prednisolone and placebo
with fold change (95% CI). We report other baseline} sch PTOETC§SIV€‘Y from the lowest to the highest
’ ’ ophilic tertile for change in postbronchodilator
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patients who had stable moderate and severe COPD,
and postbronchodilator FEV |, health status, and exercise
capacity were improved by prednisolone. Greater
improvements were seen in patients with higher bascline
sputum eosinophil counts than for those with lower
counts, and were associated with striking reductions in
sputum eosinophil count and sputum concentration of
the activated cosinophil product eosinophilic cationic
protein. Cell and molecular markers of neutrophilic
inflammation were not affected. These findings strongly
suggest  that  eosinophilic  airway  inflammation
contributes to airflow obstruction and symptoms in some
patients with COPD, and the effects of corticosteroids
are due to inhibition of this feature of the inflammatory
response in COPD.

The mean cffect of prednisolone on FEV, after
bronchodilator use was slight, even in the highest rertiie
of sputum cosinophil count, which suggests that other
factors, such as a permanent structural defect and
corticosteroid-unresponsive  non-cosinophilic  ainvay
inflammation are the main causes of airflow obstrucuon
in COPD. Changes in health status and symptom scores
associated with treatment were more obvious, and in
most domains of the CRQ surpassed the minimum
diffetence for clinical importance.? As with FLV,,
improvement in these variables was related to the
sputum eosinophil count, which suggests that it
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O tmdings for RV healthe suatns, spuium
inNammatory cell ceunts, and sputuim mediators are in
accord with those of Pizzichini and colleagues.” The
findings are also consistent with the those of Chanez and
colleagues’™ who showed that patients with COPD who
improved atier open-label treatment with predaisolone
gencrally had pathological features of asthma on
bronchial biopsy and bronchoalveolar lavage. By
contrast, Keatings and colleauges” saw na cffect on FEV,
or spurum cosinophil count after 2 wecks of treatment
with oral prednisolone in a small single-blind study,
although there was no strong sputum  evidence of
evsinophilic airway inflammation. The effects of inhaled
corticosteroids an airwav inflammation in COPD are less
consistent. In one npen study, 2 months of trcatment
with inhated beclomethasone dipropionate lowered the
sputum neutrophil count,™ whereas Keatings and co-
workers' found no change in sputum differential ccll
counts after 2 weeks of inhaled budesonide compared
with placebo. Whether the effects of inhaled and oral
corticosteroids differ is unclear and needs further study.

COPD is associated with sputum and bronchial biopsy
cvidence of neutrophilic airway inflammation and the
extent of this nflammation, as reflected by the induced
sputum neutrophil differential count, inversely correlates
with FEV, and the decline in FEV | which suggests that
itis functionally important.” *' ‘The parients in our study,
who had moderate and severe COPD, bad sputum
neutrophilia, i keeping with predominant neutrophilic
airway inflammation. Little atiention has been paid to
the presence of cosinophilic airway inflamination in
stable COPD, although reports of smajler numbers of
patients with COPD of comparable severity have noted
sirnilar  group mean induced sputum  eosinophil
counts. "™

The origin of eosinophilic airway inflammaton in
COPD is unclear, although the presence of an asthmatic
component to the fixed-airways obstruction is assurned.™
An asthmatic component was unlikely in our population
since we rigorously excluded patients who had variable
airflow obstruction and clinical features suggesting
asthma. Furthermore features such as a  blood
cosinophilia, atopy, smoking history, and physiological
evidence of emphysema were no more or less common in
patients in the highest eosinophilic tertile. It is more
likely that smoking™* and othcr mechanisms that recruit
neutrophils into the airway mucosa in COPD cause a
degree of eosmophil influx. In some patients this influx
might amount to functionally important eosinophilic
airvay inflammation. Explanation of the high sputum
eosinophil counts obscrved in seme of vur patients is,
however, difficult. Onc possibility is that cosinophilic
COPD starts as cosinophilic bronchitis. This disorder is
a common cause of chronic cough in middle age,
characrerised by a sputum eosinaphilia but no symptoms
and functional evidence of variable airflow obstruction or
airway hyper-responsiveness.” Although characterised by
normal spirometric values at the time of diagnosis,
cosinophilic bronchitis bas been associated with an
accelerated decline in FEV, and the development of
corp.»

There is currently much interest in the role of long-
term inhaled corticosteroid treatment in COPD."™
Investigators, in two large, placebo-controlled trials,
have shown a small improvement in FEV, in the first
3 months of treaunent;” such improvement was not
seen in a third study in which patients with a positive

sl cnnid oRivah
il ot modily e subsegquent ne of dechione e Py,
over 3 years in any of those studies, but in one, 500 pg
inhaled Outicasone nwice daily lowered the exacerbation
frequency, especially in patients who had more severe
disease.”” The important remaining question is whether
these minor clinical benefits are confined 1o a definable
subgroup of patients. Although we cannat discount tha
corticosteroids might have additional or different effects
when given for long periods or via the inhaled route, our
findings raise the possibility that a simple sputum test
might allow treatment to be targeted to a population who
would benefit especially. Further studies to investigate
the role of induced sputum as a predictor of long-term
response to inhaled corticosteroids are a priority.
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Hypogammaglobulinemia

A Randomized, Double-Blind, Multicenter Crossover Trial
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Background: In patients with fobult substi-

number and d of Infectt Other were periods

yPOg! 13
tutlon with & lobulln s the of choice to reduce
both frequency and severlty of bactedal infections, Even with

treatment, however, Infections stll occur in these patients.

Objective: To whether doubling the standard dose of
intravenous immunoglobulin would affect the ‘incidence and du-
ration of Infections.

Design: Multicenter, double-blind, randomized, crossover study,
Setting: 15 outpatient clinics In the Netheriands.

Patients: 43 patients with primary hypogammaglobulinemla, 41
of whom completed the protocol.

Intervention: Patlents recelved standard-dose Immunoglobulin
therapy for 9 months, followed by & 3-month washout period, and
high-dose Intravenous immunoglobulin therapy for 9 months, or
vice versa.

Measurements: The primary outcome measures were total

of fever, hospital zdmissions, use of antibiotics, absence from
school or work, and trough levels of serum immunoglobulin. Side
effects from the study medication were also recorded.

Results: Compared with the standard dose of Immu-
noglobulln (adults, 300 mg/kg of body welght every & weeks;
children, 400 mg/kg every 4 weeks), high-dose therapy (adults,
600 mg/kg every 4 weeks; children, B0O mg/kg every 4 weeks)
significantly reduced the number (3.5 vs. 2.5 per patient; P =
0.004) and duration (medlan, 33 days vs. 21 days; P = 0.015) of
infections. Trough levels of 1gG Increased significantly during
high-dose therepy. The incidence and type of side effects did not
differ significantly for the-two dosages.

Conclusion: In patients with hypogammaglobulinemla, dou-
bling the dard dose of | fobulin signifi-
cantly reduced the number and duration of infections.

Ann intem Med. 2001;135:165-174. erwamals.org
For author affilations, current eddresses, and contributions, see end of text.

Pa(i:n(s with primary hypogammagiobulinemia, such
as X-linked agammaglobulinemia and common vari-
able immunodeficiency, have securrent infections, pre-
dominantly of the respiratory and incestinal trace (1, 2).
Most respiratory infections in these patients are caused
by Haemophilus influenzae and Streptococcus pnewmoniae
and, without proper treatment, may lead to severe pneu-
monia, bronchiectasis, decreased pulmonary function,
and dearh (1, 3-6). Recurrent Giardia lamblia infec-
tions may resule in chronic diarrhea, whereas chronic
Campylobacter jejuni infections may cause recurrent bac-
teremtia and cellulitis (1, 3, 4, 7, 8). In patients with
X-linked agammagiobulinemia, persistent enterovirus
infecrions, notably those caused by echovirus, are asso-
ciated with chronic meningoencephalids (3, 6).

Since immunoglobulin therapy was introduced for
the treatment of immunodeficiency discases, the fre-
quency and severity of infections have decreased (1, 9,

10). However, repeated long-term use of intramuscular
immunoglobulin has serious limitations. Injections
cause pain at the injection site, and their volume is lim-
ited, in turn limiting the prospective increase in 1gG
level {11). With subcutaneous infusion of immunoglob-
ulin, normal IgG concentrations can be achieved. In
most patients, however, local tissue reactions, such as
swelling, induration, and soreness, are observed; long-
term subcutaneous infusion can result in fibrosis at che
injection site.

These disadvantages were overcome when intra-
venous immunoglobulin preparations became available
in the 1980s (12). Several studies have compared the
clinical efficacy of various immunoglobulin products
and dosage regimens in patients with primary hypogam-
maglobulinemia. Results have shown that intravenous
immunoglobulin, when compared with subcutaneous or
intramuscular administration, reduces the incidence of
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Figure 1. Flow of patlents through the study.

High-dose IVIG therapy l

Standard-dose WG therpy
9 manths (7 = 25) for 9 months (n = 18)

b 1

I-month warhout periad: administretion of ]

regular-dosa IVIG therepy

High-dose IVIG therapy Standard-dose IVIG therapy
for 9 months (n = 16)

for 3 months (1 = 25)

IVIG = intravenous immunoglobulin,

infections because it offers increased bioavailability and
allows administration of higher doses (5, 12, 13). Fur-
thermore, ir has been suggested that when the serum
lgGﬂﬁ'ough level exceeds 5 g/L, protection against bac-
terial infections is improved (12, 14). However, even in
patients who have trough 'IgG levels greater than 5 g/L
during replacement therapy, infections continue to be
presenc. We performed this crossover study to determine
whether doubling the commonly advised (standard)
dose of intravenous immunoglobulin (300 mg/kg of
body weight evety 4 weeks in adults, 400 mg/kg every 4
weeks in children) decreases the incidence and duration
of infections.

MeTHODS
Patients

Between September 1995 and Februagy 1998, 46
patients with established humoral primary immunodefi-
ciency who had X-linked agammaglobulinemia and
common variable immunodeficiency {as defined by the
World Health Organization) and an IgG trough level of
4 g/L o less at the time of diagnosis were studied in 15
hospitals in the Netherlands (15). They represented
40% to 50% of the total number of patients with X-
linked agammaglobulinemia and common variable im-
munodeficiency in the country. Exclusion criteria were
age younger than 1 year; and-IgA antibodies; chronic

166(7 Augun 2001 |Anm|| of fmemal M;daq‘..glv.,lm. 135 « Number 3

active diseases, such as heparitis, AIDS, and malignant
conditions; history of anaphylactic reactions ro intra-
venous immunoglobulin; and participation in a clinical
trial 3 months before the stare of the study. Thirceen of
the patients in the study group {28%) had clinical and
radiographic evidence of preexisting chronic broncho-
puimonary disease. Before the start of the study, all pa-
tients received regular replacement therapy with inrra-
venous immunoglobulin, with the exception of four
patients who were treated with subcutaneously adminis-
tered 16% immunoglobulin.

The ethics committee of each participating hospital
approved the study protocol. Before enrollment in the
study, all patients or their legal representacives provided
writren informed consent.

Study Deslgn and Treatment Protocol

The study was a multicenter, double-blind, ran-
domized, crossover trial. After providing written in-
formed consent, patients were randomly divided inro
two groups according to a computer-generated random-
ization list. During the first 9 months of the study, one
group was treated with standard-dose incravenous im-
munoglobulin followed by a 3-month washout period,
during which patients received the dose of intravenous
immunoglobulin used before the study began. Pacients
were then treated with high-dose immunoglobulin far 9
months. In the second group, the treatment sequence
was reversed (Figure 1). The time schedule was chosen
to prevent seasonal variations from influencing the
infection rate.

To ensure tha pattents, nurses, and physicians re-
mained unaware of the dosages of intravenous immuno-
globulin, each hospital pharmacy provided the study
product after dissolving the freeze-dried immunoglobu-
fin in the required volume of sterile water. An equal
volume of sodium chloride (NaCl 0.9%) was added o
the solution of the standard dose immunoglobulin to
mimic the high-dose volume. The owo prepararions did
not differ in appearance.

Intravenous imnlunoglobulilf (Emmunoglobuline
V., Sanquin Blood Supply Foundation, Amsterdam,
the Netherlands) was manufactured from the pooled
plasma of at teast 1000 voluntary, nonremunerazed do-
nors by using cold ethanol fractionation aceording
the Cohn method. At the end of the purification pro-
cess, immunoglobulin was treated by using mild prote-
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olysis at a pH of 4. After the freeze-dried product is
reconstituted with water, Immunoglobuline 1.V. is com-
posed of ar least 95% 1gG and 0.24 mol of glucose per L
as stabilizer. The distribution of IgG subclasses in the
product (by mean percentage [+SD)) is as follows:
1gG1, 61.9% * 4.8%; IgG2, 32.6% * 4.8%; 13G3,
2.1% * 0.4%; and 1pG4, 3.3% * 0.4%. The product
contains only small amounts of IgA and IgM.

The standard dose of intravenous immunoglobulin
was 300 mig/kg every 4 weeks for adults and 400 mg/kg
every 4 weeks for children (those <20 years of age).
High-dose therapy was 600 mg/kg every 4 wecks for
adults and 800 mg/kg every 4 weeks for children. For
patients who were receiving, regular treatment (one in-
fusion every 2 to 3 wecks) before the start of the study,
the dose and frequency were adjusted to ensure that a
similar total quantity of intravenous immunoglobulin
was received,

Follow-up and Outcome Measures

Before each infusion of intravenous immunoglobu-
lin, we reviewed each patient’s healith status using his
or her diary, medical record, and an interview. We
recorded previous hospital admissions (diagnosis, fre-
quency, and duration); number, type, and duration of
infections (as defined by the Infectious Diseases Sociery
of America [16]); prophylactic and therapeutic use of
antibiotics; febrile periods (temperature = 38.5 °C); and
absence from school or work. Duration of infection was
determined from the number of days with symptoms.
The attending physician recorded whether infections
were considered to be associated with immunedeficiency.

We measured the peak expiratory flow rate at the
onset of each study period, as well as 6 and 9 months
thereafter, because previous studies have shown that
lung function can improve in patients with hypogam-
maglobulinemia who receive higher doses of intravenous
immunoglobulin (14, 17). During and after each infu-
ston of intravenous immunoglobulin, vital signs (blood
pressure, temperature, pulse rate) were measured and
side cffects were monitored.

Laboratory Analysis

Trough levels of IgG: levels of subclasses IgG, IgA,
and IgM: levels of antibodics against a variety of micro-
organisms; and safery measures such as blood cell count

wwew.annals.org

and chemistry values (for example, kidney and liver
function) were determined imniediately before the intra-
venous immunoglobulin infusion at the onset of each
study period and at 6 and 9 months. We quantified
levels of immunoglobutins and IgG subclasses by neph-
clometry and levels of antibodies to microorganisms by
specific enzyme-linked immunosorbent assays. If possi-
ble, spurum and stools for culture were obtained art the
same time periods. The trough levels of both immuno-
globulins and levels of antibodies to microorganisms
were withheld from each patient’s physician during the
study period.

Statistical Analysis

The primary end point, occurrence of infection, was
used to calculate the required sample size. From the
results of the study by Bernatowska and colleagues (17),
we assumed that infections would develop at a rate of
approximately 200 days per 1000 observation-days dur-
ing standard-dose treatment, compared with 180 days
per 1000 observation-days during high-dose treatment.
This implied that a minimum of 30 patients was re-
quired to allow us to detect a 10% difference between
the cwo groups (17).

The final analysis was conducted on an intention-
to-treat basis. All padents were included in the study,
and those who had at least one cfficacy result while
receiving high-dose therapy as well as standard-dose
therapy were analyzed. Before the analysis of efficacy,
the data were investigated for a carryover effect by using
the sequence of treatment (high-dose vs. standard-dose
and standard-dose vs. high-dose} as one of the factors
and the primary variable of efficacy (number of infec-
tions related to immunedeficiency) as the dependent
variable. Thus, we created a multivariate moedel in which
the number of infecons was the dependent variable and
dosage, sequence of treatment, and patient were the in-
dependent variables. We then determined whether the
sequence of treatment was seatistically significant.

The total number of acute infections was compared
by using the paired ¢-test. Tn addition, the total duration
of all infections per patent and per dosing for all pa-
tiencs was computed. These results were compared by

using the paired #-test, as were differences in time period

from the start of treaument until occurrence of first in-
fection. For the primary eficacy variables, we conducted
subanalyses for both diagnoses (X-linked agammaglobu-
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Figure 2. Kaplan-Meler estimate of survivor function,
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The solid line represents paticnts receiving high-dose therapy; the dotted
line represencs pacients receiving standard-dose therapy.

linemia vs. common variable immunodeficiency) and for
age (adults vs. children).

Secondary end points were the total number of hos-
pital admissions, days missed from school or work, fre-
quency and duration of antibiotic courses, and total
number of days with fever. In addition, trough serum
levels of immunoglobulins and the results of the cultures
were compared. Most results are expressed as the mean
(£SD), but some results are expressed as the median
because the data were relatively skewed. All reported P
values are two tailed. A P value less than 0.05 was con-
sidered statistically significant. We used SAS/STAT soft-
ware (SAS Institute, Inc., Cary, North Carolina) for all
calculations.

Role of the Funding Source

The funding source had no role in the collecton,
analysis, or interpretation of the data or in the decision
to submit the manuscript for publication.
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ResuLTs

Of the 46 patients originally enrolled in the study, 3
withdrew informed consent before the first infusion. Of
the remaining 43, 24 had common variable immunode-
ficiency (16 women, 8 men) and 19 had X-linked agam-
maglobulinemia. Ages varied from 1.6 to 70.3 years
(mean age, 29.9 years). Twenty-five patients received
infusions every 3 weeks, 10 patients were treated every 2
weeks, and 8 patients were treated every 4 weeks. All but
2 patients completed both study periods. One patient
withdrew from the study because of side effects (head-
ache and nausea) after nine infusions of high-dose intra-
venous immunoglobulin during the first study period.
The other patient dropped out after the hrse study
period, during which he received high-dose intravenous
immunoglobulin, because of severe illness and poor life
expectancy after aspiration pneumonia,

The mean of the total study period (including the
3-month washout period) for cach patient was 562 days:
230 days with standard-dose intravenous immunoglob-
ulin and 233 days with high-dose immunoglobulin. A
total of 1057 infusions were given (518 standard-dose,
539 high-dose). Staristical analysis showed that che
3-month washout period was long enough to prevent a
carryover effect from high-dose intravenous immuno-
globulin to standard-dose treatment, and vice versa
(P>0.2).

Primary Variables

The total number of infections was 135 during stan-
dard-dose treatment and 103 during high-dose creac-
ment. Four infections (1 during standard-dose treac-
ment and 3 during high-dose treatment) involved
contributing conditions other than immunodeficiency,
such as trauma, and were not included in the analysis.

Infections were predominantly upper respiratory
tract infections and bronchitis. Other infections in-
cluded pneumonia, urinary infections, otitis media, con-
junctivitis, diarrhea, and cellulitis. During treatment
with standard-dose intravenous immunoglobulin, one
or more infections were observed in 37 of 41 (90.2%)
patients, compared with 36 of 43 (83.7%) patients
treated wich high-dose intravenous immunoglobulin
{Table 1). The mean number of infections associated
with immunodeficiency was 3.5 = 2.6 per pacient dur-
ing standard-dose therapy and 2.5 * 2.4 per pateuc

wew.annals.ong
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Table 1. Infections In Patlents with Primary Hypogammaglobulinemia Treated with Two DIfferent Dosages of

Intravenous Immunoglobulin

~— Mean total immunodeficlency-refated Infections

per patlent = SD (95% CI), nt

Medlan duration of immunodeficiency-
assoclated Infections (range), ot 33 (1-185)

Total respiratory infactions, n 61

|, Mean respiratory infecions per patlent = SD

Median duration of respiratory Infections
(range), dt 29 (5-178)

Variable Standard-Dose Thempy
(n=4v)
Patients with infections, n 37
Total Infecttons related to immunadeficiency, n* 134
Mild 54
Moderate 17
Severe 63

3.5x26(2.743)

(95% CN, nt 15+ 1.6(1.0-2.0

High-Dose Therapy Difference (95% CI) P Valua

(h=43)
36
100
33
1"
51

25+24(1.8-32) 1.1(0.41to 1.8) 0.004

21(1-125} 0.015
50
12x17(07-1.7) 0.46 (~0.18 t0 0.78) 0.18

22(2-125) 0.16

* Type of infection was categorized accarding to the criteria described in reference 16,

* Resules are based on dara from 4] patients. Two patientr did not receive standurd dose ingravenow immunaglobuling theeefore, no rerults were obrained for them during

their respective sandard-dose periods, Results were compared by using the paired r.test.

during high-dose therapy (P = 0.004). Sixcy-three of
the 134 infections (47.0%) that occurred during stan-
dard-dose treatiment were reported as severe (that is, re-
spiratory infections, cellulitis, and sepsis or an infection
that resulted in hospital admission) compared with 51
of 100 infections (51%) that occurred during high-dose
weatmene (Table 1) (18). Although the number of re-
spiratory infections tended to decrease during high-dose
therapy, the difference from standard-dose therapy was

not statistically significant (7 = 0.18). It can therefore
be concluded that the number of the infections de-
creased proportionally regardless of infection severity.
The 13 patients with preexisting bronchopulmonary
discase did not differ from other patients.

Median duration of infection was significanty
shorter during high-dose therapy than during standard-
dosc therapy (21 days [range, | to 125 days) vs. 33 days
[range, 1 to 185 days]; P = 0.015). The estimated me-

Table 2. Subgroup Analysis of Number and Duration of Infecttons during Standard-Dose and High-Dose Intravenous

tmmunoglobultn Therapy®

Variable

Patients with recurrent infections, n
Adults
Children
Patients with X-linked agammagiobulinemia
Patfents with common variable immunodefictency
Infectiony related to immunodeficlency, n
Adults
Children
Patients with X-linked agammaglobultnemia
Patlents with common varlable immunodeficlency
Mean Immunodeficiency-related Infections per patient = SD, n
Adults
Children
Patlents with X-linked agammaglobulinemla
Pattents with common varable immunodeficlency
Median duralion of Immunodeficlency-related infections (range), d
Adults
Children
Patients with X-finked agammaglubulinemla
Pallents with common variahle lmmunodefictency

Standard-Dose Therapy (n = 41) High-Dose Therapy (n = 43}

1 : 2t
14 15

16 : 14

2 2

7 ’ 50

62 5Q

65 ’ a4

3] 56
3520 27220
46+29 342126
43130 1428
3618 272139
35 (2-185) 27(2-125)
31 (1-79) 12 (1-45)
28.5 (1-185) 19 (2-51)
35 (2-155) 14 (1415

* Based on data from 25 adults and 18 children. Nineteen patients had X-linked agammaglobulinemia, and 24 paticnes had eomman variable immunodeficiency.
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Table 3. Results of Secondary Varlables during Standard-Dose and High-Dose Intravenous Immunoglobulin Therapy

Varlable Standard-Dose Therapy (n = 41) High-Dose Therapy (n = 43)
Patients who were admitted to the haspltal, n 5 a

Muspital admissions, n B .. 7

Median duration of hospital admission (range), d 19.0 (5-24) 205 {3-50)
Mean periods absent from work or school per patient, n 08 08

Median days absent from work or school (range). 7 17.5(1.0-38.0) 125(2.0-670)
Patients who had 2 febrile period, n 23 18

Febrle periods, n 39 32

Mean febrlle periods for ail included patlents, n 07

Patients using prophylactic antibiotics, n 1 1

Patients using therapeutic antiblotics, n 32 26

dian time from the start of the study period until occur-
rence of the first infection was 81.5 days during stan-
dard-dose therapy and 123 days during infusion of
high-dose intravenous immunoglobulin (Figure 2). The
mean time unti occurrence of a second, third, and
fourth infection was also longer with high-dose therapy
than with standard-dose therapy. The number and du-
ration of infections were similar for adults and children,
as well as for patients with X-linked agammaglobuline-
mia and chose with common variable immunodeficiency
(Table 2). In addition, the frequency of infusions (two,
three, or four per week) did not influence the number of
infections per patient (analysis of variance; 2 = 0.12).

Secondary Varlables

During standard-dose treatment, five patients were
admicted to the hospital eighe times, During high-dose
weatment, four patients were admitted seven times
(Table 3). All of these patients were admitted to the
hospital because of an infection. Among alf pacients, we
observed no differences in the median duration of hos-

pital admission (19.0 days for standard-dose therapy vs.
20.5 days for high-dose therapy), frequency of absence
from school or work (0.8 % 1.2 periods per pacienc for
both treatments), or the number of days absent from
work or school (median, 17.5 days for standard-dose
therapy vs. 12.5 days for high-dose therapy) (Table 3).

Seventy-one periods of fever were reported, 39 in 23
patients during standard-dose therapy and 32 in 18 pa-
tients during high-dose therapy. The mean number of
febrile periods for all included patients was lower during
high-dose therapy than during standard-dose therapy
(0.7 vs. 1.0) (Table 3).

Peak expiratory flow rate was measured during boch
study periods in all buc four patients (children < 6 years
of age). Compared with the results at the searc of the
study period, the peak expiratory flow rate after 9
months of therapy increased by 11.4 L/min during stan-
dard-dose therapy and 37.3 L/min during high-dose
therapy. Howevet, these increases were not significant.
No significant difference was seen becween groups (P >
0.2). Eleven patients used prophylactic antibiorics,

Table 4. Serum Immunoglobulin Trough Levels during Standard-Dose and High-Dose Intravenous

Immunoglobulin Therapy®

Type of Leval at Onset

Leval at Month 8T

Level at Month 31

Standard-Dose Therapy High-Dose Therapy Standard-Ooye Therspy High-Dose Therapy Standard-Dose Th

y  High-Dose Therapy

8/t
Total IgG 6517 6316 6416 2.0t21 66216 24x27
3Gt 39213 3810 39 x4 53%17 40*1.4 5419
18G2 24=x08 2406 231206 35209 25205 1710
1gG3 0.14 £ 0,12 0.12 £ 0,08 0.13 £0.12 0.14 £ 0,07 0.14 x0.11 0.14 £ 0.07
18G4 0.19 + 0.08 0.19 = 0.08 0.18 = 0.08 0.25 + 0.08 0.19 £ 0,08 0.25 £ 0.08
IgA 007 £0.21 008 *0.26 0.09 £0.24 009 £0.24 0.09 = 0.26 0.08 £0.25
igh 03=x06 03=x07 03=x07 03 x06 0306 02=x04

* Values are the man * SD.
1 The difference in 1gG trough fevels was reotistically significant (P = 0.001)
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Table 5. Medlan Trough Levels of Antibodles to Several Microorganisms

Microargantsm Level at Onset

Leve! at Month § Level at Month 9

Standard-Dose High-Dasa

Therapy Therapy

Haemaphilus influenzae type B (range),

pg/mi 2201-9) 1.9 (1-9)
Nonencapsulated H. influenzae {range),

png/me 6.0(3-23) 5.5(3-29)
Streplacocaus preumonise type 3

(range), {U/mL 55.4(20-393) 56.B {23-445)
S. pneumonize type 3 (range), fU/mL 37.2(17-346) 37.8(18-474)

S. pneumoniae type 14 {range), {U/mL 45.8 (18-744) 43,6 (23-815)

standard-Dose  High-Dose Standard-Dose  High-Dose
Therpy Therapy Therapy Therapy
2.2{(1-8) 2.9 (1-10) 1801-7 2.9(1-17)
6.0 (2-20) 7.3 (4-30) 53(2-15) B.4 (3~39)
65.7 (24-453) 92.0 (40-660) 67.8 (27-403) 110.5 (41-667)
41.2 (16-334) 65.0 (33-660) 41.1 (23379 6B.9 (30-659)
49.8 (21-734) 87.5 (44-1158) 48.7 (30-785) 86.8 (38-1474)

mostly cotrimoxazole, during both study periods. In ad-
dition, 32 patients received antibiotics for treatment of
acute infections during standard-dose therapy and 26
patients did so during high-dose therapy; however, this
is not a staristically significant difference. The mean
number of antibiotic courses per patient was 2.5 * 2.2
during standard-dose therapy and 1.8 £2.5 during
high-dose therapy.

At the start of each study period, the IgG trough
level was similar in both groups. The IgG trough level
increased from 6.3 g/L to 9.4 g/L (P < 0.001) during
high-dose therapy but did not change during standard-
dose therapy. The difference in IgG uvough levels be-
tween the two dosages at month 6 and month 9 was
statistically significant (P = 0.001) (Table 4). During
high-dose therapy, the mean level of subclass IgG1 in-
creased from 3.8 g/L to 5.4 g/L and the mean level of
IgG2 increased from 2.4 g/L to 3.7 g/L (Table 4). No
changes were observed in the trough levels of 1gG3,
IgG4, IgA, or IgM during cither treatment. During
high-dose treatment, we found a significant positive cor-
relation between the trough level of IgG and trough
levels of antibodies o H. influenzae (r=0.42; P<
0.001), H. influenzae type B (r = 0.37; P < 0.001), and
S. pnewmoniae type 3 (r = 0.19; P = 0.003) and type 9
(r=0.14; P = 0.028) (Tables 4 and 5).

The results of routine sputum and stool cultures did
not differ with respect to the number of positive cultures
and the types of microorganisms found (in sputum,
mostly H. influenzdae, and in stools, mostly C. jeuni
and C. lars) during standard-dose or high-dose therapy.
Cultres were positive in 14 of 19 patients receiving
standard-dose therapy and in 8 of 17 patients receiving
high-dose therapy. The microotganisms most frequently

ww.annals.org

cultured during infectious periods were H. influenzae
and §. preumoniae.

Side effects of intravenous immunogfobulin were
documented in 10 of 41 patients (24%) during or di-
rectly after 23 of 518 standard-dose infusions (4.4%)
and in 13 of 43 patients (30%) during or directly after
35 of 539 high-dose infusions (6.5%). Side effects did
not differ significantly berween the two groups. Head-
ache and fever were most common, especially during
high-dose treatment in one specific patient. In this pa-
tienr, treatment had ro be discontinued because of the
severity of these side effeces after infusion of high-dose
therapy. When we adjusted for the fact that more patients
received more infusions of intravenous immunoglobulin
during the high-dose periods, no relation between the

Table 6. Adverse Events Related to Standard-Dose or
High-Dose Immunoglobulin Therapy

Varieble Stendard-Dose High-Oose
Therapy Therapy
Patients, n 9 LE]
Intusions, 518 539
Infusions with adverse events. n 23 EL]
Total adverse events, n 16 51
Patlents with adverse events 10 13
Type of adverse zvent
Headache 7 149°
Fever 8 -]
Malalse 2 2
Backache 4 3
Nausen [ 5
Perspiration ] 1
Chills 1 E)
Tachycardia 0 1
Dyspnea 0 1
Other " 12

* Ore patien reported headache afier teceiving cight of nine infusions of high-
dose incravenous immunaglobulin. Thi pacienc drapped out of the second pare of
the rudy because of this side effect.
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type of the reactions and the dose could be demon-
strated (Table 6). No signs of meningeal irritation, he-
molysis, neutropenia, or renal and liver abnormalities
were found to be related to intravenous immunoglobu-
lin therapy in cither study period.

DiscussioN

In this double-blind, randomized, crossover study,
we found statistically significant reductions in the num-
ber {# = 0.004) and duracion (P = 0.015) of infections
when high-dose intravenous immunoglobulin {adults,
600 mg/kg every 4 weeks; children, 800 mgrkg every 4
weeks) was compared with standard-dose intravenous
immunoglobulin (adults, 300 mg/kg every 4 weeks;
children, 400 mg/kg every 4 weeks). These differences
were found in patients with common variable immuno-
deficiency, in those with X-linked agammaglobulinemia,
and in adults as well as children. Our study sample rep-
resented 40% to 50% of the total number of patients
with these disorders in the Netherlands. The dosage fre-
quency {two, three, or four times weekly) did not seem
to influence the results. In addition, the time from the
start of immunoglobulin treatmenc until occurrence of
the first, second, third, and fourth infection was longer
when high-dose intravenous immunoglobulin was in-
fused. Although slightly more nonsevere adverse effects
were observed during high-dose treatment, none of the
side effects were dose related.

Previous studies have shown a relationship between
the amount of immunoglobulin administered and the
infection rate. None, however, fulfilled the stringent cri-
teria applied in our study {12-14, 18). In additon,
some studies used different immunoglobulin prepara-
tions (intramuscular vs. intravenous immunoglobulin)
to compare efficacy or included only a relatively small
number of patients (12, 13, 18, 19). In the parallel
study by Ochs and colleagues (20), which compared
intravenous immunoglobulin dosages of 100 mg/kg ev-
ery 4 weeks and 400 mg/kg every 4 weeks, patients with
humoral immunodeficiency who received high doses
showed nio significant improvements in the number of
infections, use of antibiotics, or the number of days
absent from work or school. Comparison of this study
with our trial is hampered by difference in study design
and dosage regimen. We chose a crossover design, in
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which each patient serves as his own control, o elimi-
nate berween-subject variabilicy.

Pruzanski and associates (18) performed a random-
ized, double-blind, crossqver, dosc-assessing study in
21 patients with common variable immunodeficiency.
They compared three dosages of intravenous immuno-
globulin (200 vs. 400 vs. 600 mg/kg every 4 weeks) over
a period of 6 months cach and found that 400 mgrkg
every 4 weeks tended to be more effective than 200 mg/kg
every 4 weeks, although the differences were not satis-
tically significant. Increasing the dose to 600 mg/kg ev-
ery 4 weeks did not provide better protection. The study
by Pruzanski and associates {18) has several method-
ologic limitations, including the relatively short observa-
tion period (6 months), which makes it possible that
that seasonal differences may have played a role. Since a
washout period berween the dosages was not included, a
carryover effect from high-dose to low-dose immano-
globulin therapy is also likely to have occurred (18).

In our study, we observed no differences berween
the two dosage regimens in the number of hospital ad-
missions and in days absent from school or work. Most
infections were treated in outpatient clinics, which ex-
plains the low number of hospital admissions. Our re-
sults concerning the duration of hospital admission and
absence from work during high-dose intravenous immu-
noglobulin therapy were negatively influenced by one
patient who had aspiration pneumonia for 67 days. This
patient remained in the hospital for 50 of these 67 days
and dropped out of the study after complering the first
study period. Because our study had an intendon-to-
treat design, this patient was included in the analysis.

Studies by Roifman and coworkers (14) and Berna-
towska and colleagues (17) have shown improvement in
the pulinonary functioning of patients wirh hypogam-
maglobulinemia and chronic lung discase who were
treated with high-dose intravenous immunoglobulin.
The results of our study confirm that peak expiratory
flow rate tended to increase more during high-dose
treatment than during standard-dose trearment, al-
though this difference was nor statistically different. We
hypothesize that when both the number and the dura-
tion of infections are reduced, morbidity, including the
risk for bronchiectasis and respiratory failure, will im-
prove. This hypothesis must be confirmed by future
long-terin prospective studies.

Patients with hypogammaglobulinemia are otten
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chronic carriers of H. infl and S. p jae (21).
In our study, positive sputum cultures were often found
in patients with chronic bronchopulmonary disease.
High-dose intravenous immunoglobulin did not de-
crease the number of positive sputum cultures, possibly
because intravenous immunoglobulin does not contain
sufficient amounts of IgA, the predominant immuno-
globulin on mucosal surfaces that protects against bac-
terial colonization (11, 21). This may also explain why
we observed no difference between the two dosages with
respect to the presence of Campylobacter and Giardia
species in the gastrointestinal tract.

In patients with primary hypogammaglobulinemia,
it has been recommended that the IgG trough level
should be maintained above 5 g/L to prevent recurrent
infections (12, 14). Our results show that a mean IgG
trough tevel of 9.4 g/L results in a significant difference
in the number and duration of infections compated
with a mean IgG trough level of 6.5 g/L.

Because intravenous immunoglobulin is expensive,
a cost—benefit analysis should be done to determine the
advantages of increasing immunoglobulin doses for all
patients with hypogammaglobulinemia. A 70-kg patient
receiving high-dose therapy would require 252 g of im-
munoglobulin instead of 126 g during a 6-month pe-
riod, an additional cost of $5000, These extra costs for
prevention of infections and, in the long term, bronchi-
ectasis and respiratory failure should be balanced against
the costs of repeated antibiotic treatment, hospital ad-
missions, and absence from work.

Although our study demonstrates that high-dose in-
travenous  immunoglobulin significantly reduces the
number as well rhe duration of infections, we do noc
believe that this treatment regimen is routinely required,
given the costs involved. In our study, an increased dose
decreased incidence of infections in many but not all
patients. In contrast, at a lower dose, some patients ex-
perienced fewer than two infections per year. Because
1gG levels differed considerably among patients in the
same treatment group, we advocate the use of IgG levels
instead of dosage schemes. Therefore, we propose that
patients with newly diagnosed primary hypogamma-
globulinemia should first be treated with a standard dose
of intravenous immunoglobulin (adults, 300 mg/kg ev-
ery 4 weeks; children, 400 mg/kg every 4 weeks). When
patients develop more than two severe infections per
vear despite this therapy, we recommend adjusting the

www,annaly.org

therapy to increase the IgG level by 1 to 1.5 g/L. This
cycle may be repeated uncil a level of approximately 9.5
g/L is reached. It remains to be seen whether an 1gG
level exceeding 9.5 g/L will contribute to reducing peri-
ods of infection. When increasing the dose does not
decrease the incidence of infections, maintenance com-
bination therapy with a lower dose of intravenous im-
munoglobulin and antibiotics may be required.
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(452) Effects of Fexofenadine, Diphenhydramine, and Alcohol on

~5117 Driving Performance
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Background: Sedating antihistamines may impair driving
performance as seriously as alcohol.

Objective: To compare the effects of fexofenadine, di-
phenhydramine, alcohol, and placebo on driving perfor-
mance.

Design: Randomized, double-blind, double-dummy,
four-treatment, four-period crossover trial,

Setting: The lowa Driving Simulator.

Participants: 40 licensed drivers with seasonal allergic
rhinitis who were 25 to 44 years of age.

Intervention: One dose of fexofenadine (60 mg), di-
phenhydramine (50 mg), alcohol (approximately 0.1%
blood aicohol concentration), or placebo, given at weekly
intervals before participants drove for 1 hour in the lowa
Driving Simulator.

Measurements: The primary end point was coherence, a
continuous measure of participants’ ability to match the
varying speed of a vehicle that they were following. Sec-
ondary end points were drowsiness and other driving mea-
sures, including lane keeping and response to a vehicle

that unexpectedly blocked the lane ahead.

Results: Participants had significantly better coherence
after taking alcohol or fexofenadine than after taking
diphenhydramine. Lane keeping (steering instability and
crossing the center line) was impaired after alcoho! and
diphenhydramine use compared with fexofenadine use.
Mean response time to the blocking vehicle was slowest
after alcohol use (2.21 seconds) compared with fexofena-
dine use (1.95 seconds). Self-reported drowsiness did not
predict lack of coherence and was weakly associated with
minimum following distance, steering instability, and left-
lane excursion,

Conclusions: Participants had similar performance when
treated with fexofenadine or placebo. After alcohol use,
participants performed the primary task well but not the
secondary tasks; as a result, overall driving performance
was poorer. After participants took diphenhydramine,
driving performance was poorest, indicating that diphen-
hydramine had a greater impact on driving than alcohol
did. Drowsiness ratings were not a good predictor of im-
pairment, suggesting that drivers cannot use drowsiness to
indicate when they should not drive.

Ann Intern Med, 2000;132:354-363.

For author affiliations, current addresses, and contributions, see
end of text.

Allergic rhinitis afflicts more than 39 million
persons in the United States (1). Only about
4.8 million persons (12%) take prescription . .igs
for this condition; most go without treatme:: or
self-treat with over-the-counter medications, which
generally contain a first-generation antihistamine.
These medications may be effective but carry poten-
tial risks, including drowsiness and impairment in
performing everyday tasks (2-6). These adverse
events may be sufficient to dissuade some persons
from treating their symptoms. Other patients take
these sedating drugs, become impaired, and try
nonetheless to perform complex tasks; as a resuit,
they are more likely to be involved in collisions 2,
7, 8).

Our goal was to examine automobile driving per-
formance, a complex multiaspect task requiring
mental alertness; visual, auditory, and kinestheric
information processing; eye-hand coordination; - 1d
manual dexterity. By using the Iowa Driving Simu-
lator, a unique state-of-the-art facility, we evaluated
driving performance measures and self-ratings of
drowsiness to determine the effects of alcoho! and
first- and second-generation antihistamines on driv-
ing performance. No previous study has compared
the effects of these drugs in the highly controlled
environment of a driving simulator.

Methods
Study Design

During ragweed season, we compared the effects
of fexofenadine (60 mg), a second-generation anti-
histamine; diphenhydramine (50 mg) (Benai s,
Warner-Lambert Co., Morris Plains, New Jersey), a
first-generation antihistamine; alcohol; and placebo
on driving performance and self-reported drowsi-
ness of persons who were allergic to ragweed. A
randomized, double-blind, double-dummy, crossover
design was used (9). The University of Towa Insti-
tutional Review Board approved the study, and all

See editorial comment on pp 405-407.
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Inclusion and Exclusion Criteria
N

Key inclusion criteria were ability to remain for §
hours after the drives, history of alcohol use and
¥ willingness to consume alcohol, age 25 to 45 years,
. seasonal allergic rhinitis caused by ragweed pollen,
revious successful use of antihistamine to treat sea-
sonal allergic rhinitis, status as a currently licensed
experienced driver who drove an average of at least
: three times a week for at least 3 years, and 20/20
3 corrected vision. Key exclusion criteria were medical
i conditions that might interfere with ability to per-
¥ form the study, pregnancy or lactation, unusual

;

i
:

previous experience in the lowa Driving Simulator,
. and a positive result on a drug screening test.

Procedures

At visit 1, participants were selected on the basis
 of inclusion and exclusion criteria. Qualified partic-
{ipants drove in the Jowa Driving Simulator for 8
' minutes; those with a tendency to develop simulator
sickness were excluded.

Visits 2, 3, 4, and 5 (treatment visits) occurred
' weekly on the same day at the same time. Partici-
pants avoided consuming food or beverages, except
water, for 2 hours before these visits. Participants
completed the baseline drowsiness visual analogue
scale immediately before taking a capsule of fexo-

to consume only fluids; caffeine, stimulants, and
depressants were excluded. Vital signs were deter-
‘;'mined and participants completed the second
drowsiness scale 1 hour after taking the capsule.
The study beverage was dispensed 60 minutes be-
i fore the scheduled drive and was consumed over 20
to 30 minutes with a light snack. The dose of aico-
* hol (or placebo alcohol) was derived by using an
algorithm that included the participant’s sex and
¢/ weight to reach an estimated blood alcoho! concen-
ration of 0.1% (21.7 mmol/L) (10). Male partici-
pants received the equivalent of 800 mg of absolute
alcohol per kg of body weight, and female partici-
pants received 640 mg/kg. Ninety-five percent alco-
hol (or placebo alcohol) was added to a glass, which
was filled with the participant’s choice of noncaf-
feinated carbonated soda. Alcohol was swabbed on
l the rim of each glass to maintain blinding. Imme-
¢ diately before and after the drive, participants again

completed drowsiness scales. After the drive, study
staff determined vital signs. Participants were ob-
served until they were sober. To maintain the dou-
ble-blinding of the alcohol treatment, participants
remained for 5 hours or uatil the blood alcohol
level was less than 0.03% after alcohol and after
one of the other treatments (selected randomly). An
unblinded Clinical Research Center nurse with no
other study role determined alcohol levels by using
a breath analyzer (Alco-Sensor, Intoximeters, Inc.,
St. Louis, Missouri).

Treatment Preparation and Randomization

Capsules {fexofenadine, diphenhydramine, and
placebo) were blinded and packaged by Hoechst
Marion Roussel, Inc. (Kansas City, Missouri). The
Division of Pharmaceutical Service, College of Phar-
macy, University of lowa, lawa City, lowa, prepared
alcohol and placebo beverages.

Driving Simulation

The lowa Driving Simulator allowed collection of
data on driving performance measures in a manner
not available with on-street driving (11, 12). Briefly,
the simulator consists of a domed enclosure mounted
on a hexapod motion platform. The inner walls of
the dome act as a screen on which correlated images
are projected.

The experimental drive was conducted in dry
weather conditions, with good visibility, on a two-
lane rural highway that was 72.4 km (45 miles) long.
The lane widths were standard (3.66 m [12 ft]) and
the road surface was standard blacktop. The posted
speed limit was 88.6 km/h (55 miles/h) for most of
the course. Vehicles in the oncoming lane simulated
low-density traffic. Participants practiced driving in
the simulator for 8 to 10 minutes before each ex-
perimental drive. The experimental drive consisted
of two phases driven consecutively without interrup-
tion. In phase 1 (30% of the total driving distance),
the driver followed a Volkswagen Golf. Phase 2
began when this lead vehicle turned off the main
road and participants continued to drive “as you
normally would” along the designated route. In the
first three sessions, the experimental drive ended
uneventfully. At the end of the fourth and final
session, participants encountered a vehicle that un-
expectedly pulled out from a driveway into the lane
of the experimental vehicle. A truck with trailer
simultaneously occupied the oncoming lane.

Outcome Measures

During the first phase, participants were in-
structed to maintain a eonstant distance behind a
lead car, which had realistic random velocity fluctu-
ations. The primary end point was coherence—the
correlation between the velocity of the participant’s
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vehicle and the velocity of the lead vehicle. Partic-
ipants with high coherence were able to maintain a
relatively uniform distance from the lead vehicle,
whereas those with low coherence had more vari-
ability in distance between their cars and the lead
vehicle.

In hoth phases of the drive, we evaluated steering
instability, the root-mean-square deviation (in meters),
of the participant’s car around the participant’s pre-
ferred position in the lane. Participants with high
instability wandered left and right within (and some-
times out of) the lane. We measured deviations
from the preferred position rather than the geomet-
ric center of the lane to avoid penalizing otherwise
steady drivers who simply preferred to be closer to
the center line or to the right shoulder line. We also
evaluated left-lane excursions—the total number of
times the participant partially or totally crossed the
center line during the second phase of the driving
session.

We measured participants’ responses to the
blocking vehicle (the last event on the final drive).
Videotapes and a computer-generated aerial view of
the driving course and vehicles (generated by using
Scenario Authoring Tool software {National Ad-
vanced Driving Simulator, Towa City, lowa]) were
reviewed by three blinded investigators who evalu-
ated two aspects of the participants’ responses to
the blocking vehicle. Response time was the time
from the moment the blocking vehicle began to
move uniil the instant the participant started to
respond. The blocking vehicle response category was
based on whether the participant’s car came into
contact with the incoming car or approaching truck
(collision), stopped completely in the lane before
passing the plane of the incoming car (clear avoid-
ance), or either passed the plane of the incoming
car or was more than a tire’s width out of lane
before stopping (potentially unsafe avoidance). Fi-
nally, we evaluated drowsiness by using a visual
analogue scale (3, 4, 13-15) that asked participants
to rate drowsiness from I feel wide awake” to “I
feel extremely sleepy.”

Data Capture, Reduction, and Management

Simulator data were collected in real time at 30
Hz and were then reduced. During the data reduc-
tion stage, checks were performed to ensure that
output was correct and meaningful. Data were visu-
ally inspected, sorted to identify extreme values, and
plotted to ensure that all points were within natu-
rally occurring boundaries. When extreme values
were found, operator and experimenter source doc-
uments were consulted fo determine an explanation.
Videotape records were inspected to establish the
origin of any anomalies in the data, and, if necessary,

the raw data were fed into the Scenario Authoring
Tool, which replayed the drive using animation.
Statistical Analysis

The experiment was run as a crossover design
with four periods and four treatments so fhat each

participant received all four treatments (alcohol, dj-
phenhydramine, fexofenadine, and placebo) on four
successive sessions in the driving simulator. With
few e_{ééptions‘ the sessions were 1 week apart at
the same time of day. Treatments were presented in
24 different sequences (such as AFDP and FDAP),
To ensure that each treatment occurred equally of-
ten in each period, the sequences were arrang:" in
six_Latin_squares (for example, PA/FPDA/
PDAF). Four of the squares were replicated twice,
for a total of 40 participants. The design was ba).
anced so that each treatment preceded and followed

the others equally often. Each treatment effect was
estimated with equal precision in a model with
treatment, period, and first-order carryover effects.
In the design phase, we did an extensive Monte
Carlo investigation of the robustness of this design
to random loss of participants (rows of data) and
found that the selected design (along with several
similar designs) was robust, much more so than a
design consisting of 10 replications of one Latin
square.

Crossover designs have advantages and diaw-
backs. With four treatments, a crossover design re-
quires one fourth the number of participants re-
quired by a completely randomized design in which
each participant receives only one treatment. Fur-
thermore, because each participant acts as his or
her own control, it is, in theory, possible to compare
treatments with much greater precision. One draw-
back of a crossover design is that early dropout of
participants complicates the analysis and may have a
comparatively greater impact on the precision of the
results than the loss of a participant from a com-
pletely randomized trial. The most problematic as-
pect of crossover designs may be the effect of pre-
vious experiences on a participant's reaction to the
current treatment. Such effects can be broadly clas-
sified as period effects, such as learning or habiiaa-
tion, which are unrelated to previous treatments,
and carryover effects, which are related to previous
treatments. Atthough it is unlikely that any residual
study drug remained after an interval of 1 week,
drug effects can carry over in other ways. For ex-
ample, if a drug promoted simulator motion sick-
ness, the participant may have driven more cau-
tiously the week after receiving that drug. Without
statistical adjusitment, this drug-induced caution is
attributed to whichever drug was administered the
week after that drug. Statistical adjustment to re-
move period and carryover effects from the treat-
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ment means was accomplished by including variables
for these effects in the analysis of variance model.

Another complication of crossover designs is the
statistical relation among repeated measures in the
same participant. Participants’ performance in the
. gimulator is expected to be similar from week to
week (that is, positively correlated), and variability
may increase or decrease over time. Specifying the
form of the “covariance structure” of the data deals
with such issues (16). For simplicity, we chose the
most peneral possible covariance structure.

Finally, the statistical method we used (the mixed
‘general linear model) requires that the data be ap-
proximately normally distributed. Most of the out-
comes we measured were significantly non-normally
idistribulcd, and it was necessary {0 re-express
{transform) them to achieve normality. We used
Box-Cox analysis (17) to select an appropriate
i, power transformation of each variable. Specifically,
left-lane excursion counts were re-expressed as log-
(count + 1), coherence (c) was re-expressed as
(1 = V1 - &' steering instability (s) was re-ex-
pressed as s~*, and minimum foliowing distance (d)
was re-expressed as d ™%, Statistics for re-expressed
data are difficult to interpret; what does it mean, for
example, that “log crossing count plus one” is 2.1
points higher for 1 drug than for placebo? To make
our statistics interpretable, we converted all statisti-
cal results—means, differences, and Cls—back to
the original, more interpretable measurement
scales. Thus, crossing counts are reported as counts,
steering instability and minimum following distance
§ ‘are expressed in meters, and coherence is expressed
in its original form as the correlation between the
velocity of the lead car and that of the participant’s
car. We used a Markov chain Monte Carlo proce-
dure (18, 19) to compute these statistics and Cls.

All data were analyzed by using SAS software,
versions 6.12 and 7.0 for Windows (SAS Institute,
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Figure 1. Maintenance of following distance for individual participants with near-best, near-worst, and near-median coherence scores. Inivial
and final vransients are semoved. The Jower the score, the more erratic the following distance. The best driver (coherence, 0.99) varied about 2.5 m, the
worst driver {coherence, 0.54) varied about *35 m, and the median driver (coherence, 0.89) varied about £10 m

Inc., Cary, North Carolina). The contrast tests were
two-sided, and an « level of 0.05 wus required.

Markov chain Monte Carlo computations were
made by using WinBUGS, version 1.2 (19). For the
primary and secondary outcome measures, we re-
port treatment means and differences; Cls are given
for differences between treatment means.

Response time to the blocking vehicle, which was
measured in the fourth driving session only (so that
only 25% of each treatment group was confronted
with this situation), was analyzed by using a general
linear model with treatments as the only effect. Re-
sponse to the blocking vehicle (clear avoidance, po-
tentially unsafe avoidance, ar collision) was ana-
lyzed by using an exact permutation test (20).

Missing Data

One participant fell asleep after receiving aleohol
and could not be roused for a driving session. Data
for four other participants were missing for the
second half of phase 2 in one session hecause these
participants had simulator sickness. Mechanical
problems resulted in the loss of phase | data for
one participant in one session and data from the
second haif of phase 2 for another participant in
one session. Thus, 2 of 160 sessions lacked phase |
data and 6 of 160 sessions lacked data from the
second half of phase 2.

The theory of missing data distinguishes between
random and informative missing values (21). Run-
domly missing data are those that are missing for
reasons unrelated to the participant’s response to
the treatment; they are therefore distrihuted like
the observed data and can be predicted from the
observed values of this participant and other partic-
ipants. Infonnative missing data are missing for rea-
sons related to the participant or treatment and are
likely to have been somewhat anomalous if ob-
served. Consequently, the fact that these data are
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missing gives some information about the wnobserved
value. For example, the participant who could not
be woken up would probably have driven badly if
she had been awakened, and the participants who
developed simulator sickness would probably have
driven badly if they had completed the session.

The statistical software that we used imputes ran-
domly missing data with the predicted value but
adjusts degrees of freedom and SEs to reflect the
fact that these valucs are not real data, Regarding
informutive missing data, Chow and Liu (21) re-
mark tbat “There is no satisfactory, well-developed
methodology to account for missing values or inter-
mittent missing values.” We believed that we should
probe the sensitivity of the results to a range of
plausible imputed values of the missing data. There-
fore, we did analyses to assess whether the results
were sensitive to possible values tor the informative
missing data. In one analysis, we treated them as
missing at random; in another (the worst-case analy-
sis), we imputed the nonrandomly missing values of
impairment measures (high = bad) as the predicted
value plus 2.5 SEs of the predicted value. We chose
2.5 SEs because it is pessimistic but does not distort
the analysis by adding outliers. For performance
measures  (high = good), we subtracted 2.5 SEs
from the predicted value. The results of the two
analyses did not differ substantively. In this article,
we report the results of the second analysis.

Role of the Study Sponsor

The industry sponsor had a consulting role in the
design, conduct, and reporting of the study. Deci-
sions in all aspects of the study, including the deci-
sion 1o publish the results, were made by the authors.

Results
Study Participants

Seventy-one participants were screened; 41 were
randomly assigned and received double-blind treat-

—>>Table 1. Primary End Point: Coherence*
P

Treaiment Participants, Mean Coherence Value
n "(95% CI)

Alcohol 40 0.920 = 0.014(0.897 10 0.945)
Diphenhydramine 40 0.877 + 0.019(0.837 10 0.911)
Fexofenadine 40 0.915 * 0.014 (0.884 10 0.940)
Placebo 40 0.906 + 0.015 (0.875 to 0.933)
Alcohal vs. diphen-

hydramine 40 0.043 + 0.012(0.021 to 0.068)
Alcohnl vs. fexofenadine 40 0.005 * 0.009 (~0.012 10 0.024)
Alcohol vs. placeba 40 0.014 = 0.009 (-0.004 t0 0.033)
Diphenhydramine vs.

fexofenadine 40 ~-0038 + 0.013(~0.06310 -0.013)
Diphenhydratmine vs.

placeba a0 —0.029 + 0012 (-0.054 to —0.005)
Fexolenadine vs

placebo 40 0.009 = 0010(~0.010 10 0.028)

* Daia are expiessed as the mean * SP

ment. One participant elected to discontinue partic-
ipation during the first portion of her first drive and
was not included in the efficacy analysis. Fifteen
men (37.5%) and 25 women (62.5%) were included
in the analysis. The mean age was 3[ years (range,
25 to 44 years); 37 were white. Participants had
mean duration of ragweed allergy of 20 years.

Phase 1

Coherence

As explained above, coherence was a partici-
pant’s ability to maintain a constant distance from 3
lead car that varied its speed randomly. Figurs {
provides a plot of distance fluctuations for thice
representative participants, one each with near-best,
near-median, and near-worst coherence. Differences

in caherence (Table 1) were observed among the

four treatmeérits. Pairwise comparisons revealed that
after taking diphenhydramine, participants per-
formed car-following with significantly less coher-
ence than after taking alcohol, fexofenadine, or pla-
cebo (the CI excludes zero).

Minimum Following Distance

Significant differences in minimum following dis-
tance (Table 2) were observed among the four
treaiments. Pairwise comparisons indicated that when
participants performed car-following after consu:-
ing alcohol, they had significantly smaller minimu
following distances (15.1 m) than they did after
taking fexofenadine (17.1 m) or placebo (17.4 m).

Steering Instability

Significant differences in steering instability (Ta-
ble 2) were observed among the four treatments.
Pairwise comparisons showed that after participants
took fexofenadine, they had significantly less steer-
ing instability than after taking diphenhydramine or
alcohol (but not placebo). After participants took
placebo, they had significantly less steering instabil-
ity than after consuming alcohol or diphenhydramine.

Phase 2

After completing phase 1, participants drove the
remaining 30 miles of the course “as you normally
would drive.” Road signs and markings were the
only guidance that they received in this phase.

Steering Instability

Significant differences in steering instability
(Table 2) were again observed among the four
treatments. Pairwise comparisons demonstrated that
after participants took fexofenadine, they had sig-
nificantly less steering instability than after taking
diphenhydramine or alcohol (but not placebo). Af-
ter participants took placebo, they had significantly
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‘less steering instability than after consuming alcohol
or diphenhydramine. After participants consumed
alcohol, they had the same or less steering instabil-
i ity than after taking diphenhydramine.

Lane Excursions

We determined the effect of treatment on the
probability that the participant’s vehicle moved to
the right and partially or totally crossed the right-
edge lane marker or moved to the left and partiatly
.. or totally crossed the center line (Table 2). No sig-
nificant differences for lane excursions to the right
_were noted among the four treatments. For excur-
" sions to the left, however, significant differences
- were noted the four treatments. Pairwise compari-
sons demonstrated that after participants took di-
phenhydramine, they crossed the center line signif-
icantly more often than after taking fexofenadine or
. placebo. After participants took alcohal, they crossed
the center line significantly more often than after
taking fexofenadine and placebo. Fexofenadine and
placebo did not differ significantly; the 95% ClIs
indicate that the difference is small (Table 2).

Response to Blocking Vehicle

No significant main effect of treatment on the
response time to the blocking vehicle was observed,
. although pairwise comparisons showed that after
. consuming alcohol, participants responded signifi-

cantly more slowly (2.21 seconds) to the event than
after they took fexofenadine (1.95 seconds) (differ-
ence, 0.26 seconds [CI, 0.02 to 0.66 seconds]).

Responses to the blocking vehicle were catego-
rized as clear avoidance, potentially unsafe avoid-
ance, or collision (Table 3). The ovecrall differences
were not significant (P > (.2, Fisher exact test).
Pairwise comparisons, expressed as odds ratios,
were also insignificant. However, because this event
occurred only during the fourth drive, there were
only 9 to 11 participants in cach group (rather than
40, as was the case for all of the other measures).
As a result, this analysis had far less power than the
analyses of the other secondary measures.

Crashes were evaluated for speed of the driver’s
vehicle at the instant of the crash. For the 5 colli-
sions, the speed at impact was 46 and 14 miles per
hour after alcohol, 37 and 8 miles per hour after
diphenhydramine, and 6 miles per hour after fexo-
fenadine.

Subjective Drowsiness Ratings

Drowsiness ratings were expressed as differences
between the drowsiness scales completed after treat-
ments and the baseline scale (Figure 2). Scores on
the second visual analogue scale, given 1 hour after
capsule administration, had small average differ-
ences from baseline (<10 points), and no significant
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Table 3. Clear Avoidance, Potentially Unsafe Avoidance, and Collision in the Finat Driving Session

Treatment C‘lear Potentially Unsafe Collision Odds Ratio for Collision vs. Clear Odds Ratio for Potentially Unsafe
Avoidance Avoidance Avoidance or Potentially Unsafe Avoidance or Colfision vs. Clear
Avoidance (35% CI) Avoidance {95% Ch
n (%) —
Fexofenadine (n = (1) 872 2(182) 1{9.1)
Diphenhydramine (n = 10) 5(50.0) 3(300) 2(20.0)
Alcohnl (n = 9) 6(66.7) LA} 2Q222)
Placebo tn = 9) 8(88.9) 11 0(0.0)
Diphenhydramine vs. alcohol 0.88 (0.051-15.3) 2.00(0.226-19.4)
Fexofenadine vs. alcohal 0.35(0.005--8.41) 0.75{0.073-7.87)
Alcohol vs placebo - .14)* 4.00(0.229-238.1)
Diphenhydramine vs. lexofenadine 2.22 (0.106-161.3) 2.67 (0.319-24.5)
Diphenhydtaimine vs. placebo - {019 8.00 (0.558-416.7)
Fexofenadine vs placebo - (0.309)* 3.00(0.181-175.4)
* The denuiminator of Ihe odds 1ano was zera Only the lower limit of the C) s given: the upper hmit was unbounded. -

diflerences were seen among the treatment groups
(the confidence limits for differences less than +10
points). At the timc of the third visual analogue
scale, just before the drive, participants were most
drowsy after taking diphenhydramine and least
drowsy after taking fexofenadine or placebo. The
differences between diphenhydramine and fexofena-
dine or placebo were significant (confidence limits
ranged from § to 27 poiats on the 100-point visual
analogue scale). The difference between fexofena-
dine and placebo was less than 1 point, with confi-
dence limits of * 11 points. After the drive, partic-
ipants were most drowsy with diphenhydramine and
least drowsy with placebo. The difference between
fexofenadine and placeho was insignificant (confi-
dence limits were ~7 to 19 points). With diphenhy-
dramine, participants reported significantly higher
levels of drowsiness than with fexofenadine (confi-
dence limits of 9 to 35 points) and placebo (confi-
dence limits of 15 to 41 points).

We examined whether sell-reported drowsiness
immedialely before driving predicted impaired driv-
ing performance. Drowsiness was expressed as the

70

&0 %
= Fexofanadine \

50 X Dlphanhydramine

3 Alcohat
23 Placabo

Visual Analogue Drowsiness Score

After Drug Before Drive Aftar Drive

Figure 2. Change from baseline in visual analogue drowsiness
scores. Parupants rated drowsiness on a scale from “wide awake" to
“extremely drowsy,” whach corresponded 1o a store of 1 1o 100 on a
159-mm scale

difference between the third and first self-ratings.
The correlation between drowsiness and the primary
end point, coherence, was not statistically significant
(Table 4). Statistically significant but small correla-
tions were found between subjective drowsiness and
minimum following distance, steering instability, and
left-lane excursions; no correlation was greater than
0.21.

Although a significant correlation indicates some
relation between two variables, the size of the cor-
relation coefficient is not a good indicator of the
strength of that relation. To give an idea of the
practical meaning of the correlations we observe |,
Table 4 shows mean driving performance values tur
participants who had increases in drowsiness scores
in the upper quartile and lower three quartiles.
Clearly, drowsiness was a weak predictor of poor
driving. Indeed, only one of the five collisions oc-
curred among the participants who were in the
drowsiest quartile (as measured before or after the
drive). Thus, “grounding” the drowsiest 25% of
drivers would have prevented only 20% of the col-
lisions. In contrast, three of five collisions occurred
in participants who had the lowest quartile of fol-
lowing distances (following distance < 12.2 m), and
four of five collisions occurred in participants who
had the highest quartile of left-lane crossings (seven
Or more Ccrossings).

Adverse Events

No unusual or serious adverse events were ob-
served in this study. Adverse events occurred with
similar frequency after all four treatments, with no
significant differences between any two treatments
in any adverse event category.

Discussion

First-generation antihistamines, such as diphen-
hydramine, cause sedation (2-6), which Gengo and
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Gabos (22) have distinguished as impairment and
drowsiness. Cognitive impairment refers to some
interference with the patient’s ability to perform
tasks and is measured by objective tests; drowsiness,
which may or may not limit performance, is mea-
sured subjectively. The least desirable condition
would be impairment without drowsiness because a
patient might have no subjective clues suggesting
impairment.

The second-generation antihistamines have diffi-

culty crossing the blood-brain barrier and are be-
lieved to cause little or no central nervous system
depression. In previous studies, fexofenadine and its
. parent compound, terfenadine, did not impair the
.+ performance of automobile drivers or airplane pi-
v lots (6, 23, 24).
) In this study, participants in a driving simulator
were first instructed to match the speed of the car
they were following, then to drive “as you normally
would.” Coherence was chosen as the primary end
point because the added complexity of trying to
match the variable speed of the lead car might lead
to greater sensitivity if impairment- did occur. Co-
herence was significantly better after participants
took alcohol or fexofenadine than after they took
diphenhydramine. The minimum following distance
was slightly shorter than the recommended distance
after all four treatments (15.1 m {49.4 ft| to 17.4 m
[57.2 ft]). The mean minimum following distance
was about one-half car fength longer (and safer)
after participants had taken fexofenadine or placebo
than after they had consumed alcohol. The shorter
following distance might also have contributed to
_ increased coherence. However, during the car-fol-
lowing phase, steering instability scores were highest
after diphenhydramine or alcohol use, indicating
poorer steering control.

Thus, although participants under the influence
of alcohol did surprisingly well at matching the ve-
locity of the lead car, they did so at the expense of
driving closer to that vehicle and having less control
over steering. These findings agree with the resuits
obtained in other studies in which alcohol was ad-

ministered to participants who were cngaged in
complex tasks that required divided attention.
Horne and Baumber (25) reported that drivers who
had consumed alcohol were able to maintain lateral
position in wind gusts but did not perform well a1
following another vehicle. Landauer and Howat (1()
used a nondriving task involving reaction time and
tracking accuracy and found that after participants
consumed alcohol, reaction time improved slightly
but the number of tracking errors increased. Mos-
kowitz (26) and Kerr and Hindmarch (27) reviewed
studies of alcohol and divided attention and sug-
gested that if one part of a divided attention task is
perceived to be primary afd the other part second-
ary, only the secondary task becontes impaired.

When we examined how participants performed
when driving “normally,” we found more stecring
instability after participants took diphenhydramine
or alcohol than after they took fexofenadine or
placebo. Participants with poorer steering were
more likely to drive with part of the vehicle out of
the lane. Lane excursions over the center line (caus-
ing potential exposure to oncoming traflic) may se-
riously affect safety. The numbers of tane excursions
over the center line more than doubled after the
participants had taken diphenhydramine compared
with fexofenadine or placebo.

We also examined drowsiness and found that
participants were significantly drowsier after taking
diphenhydramine than after taking any of the other
treatments. However, we found that subjective
drowsiness either did not predict driving perfor-
mance measures (coherence) or was a relatively
weak predictor (for minimum following distance,
steering instability, and left-lane excursion). This
suggests that drivers who use alcohot or diphenhy-
dramine are probably mistaken if they believe that
lack of drowsiness means that they will be able to
drive without impairment.

The potential crash scenario on the last drive
provided some additional evidence of impairment.
Participants had to react to a vehicle that unexpect-
edly pulled out of a driveway and blocked their lane.

Table 4. Performance Measures according to Degree of Sieepiness before Drive 4

Mean Coherence Value
(95% Ciyt

Drowsiness

Category* Distance (35% CI#$

Mean Minimum Following

Left-Lane Excursions
(95% CHl

Mean Collision Rate

Mean Steering Instabiity
% Cl (95% Ci)

(95

n

Lower three fourths
Upper one fourth
Difference

Odds ratio

0.893(0.869 10 0.923}
0.917 (0.864 10 0.919)
0.024(~0.037 10 0.077)

16.1(13.810 18.7)
12.9(10.0to 16.6)
3.2(-1.27t07.11)

2.06(1.00t0 3.53) 0138{(0012t00263)
4.88(1.691010.41) 0.100 (0.000 t0 0.263)
282(-0721w0840)

0.530 {0.503 10 0.557)

0.539(0.538 10 0.591)

0.009 (-0.045 to 0.067)
0.694 (0.013 10 8.44)

tr=0.06 P> 0.2
$r=020;P=001
§r=0320;p =001
1r=0.21; P =001,
¥ Statistically significart (P = 0.008).

* Increase in drowsness hetween baseline Ulirst drowsiness evaluation) and the third evaluation (mmediately before a drive).
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Participants responded significantly more slowly to
the event after consuming alcohol than after taking
fexofenadine. At the posted speed, this slower reac-
tion time resulted in a stopping distance that was
approximately 8 m (26 ft) longer.

The observations reported here, combined with
past reports, indicate that diphenhydramine clearly
impairs driving performance, whereas the second-
gencration antihistamine fexofenadine was indistin-
guishable from placebo. Vermeeren and O’Hanlon
(24) studied one driving variable, lateral position,
and also reporied that fexofenadine did not affect
standard deviation of lateral position in an instry-
mented car used in an on-the-road study, nor did it
affect various nondriving psychomotor tasks. In con-
trast, the first-generation antihistamine clemastine
caused significant impairment.

In the United States, diphenhydramine is the
top-selling over-the-counter medication sold for
treatment of allergic rhinitis (28). It is estimated
that 47% of persons with allergies treat themselves
with over-the-counter products, most of which con-
tain a sedating antihistamine (29). Consequently,
millions of patients use first-generation antihista-
mines.

Several health programs have been developed that
limit patient access ta nonsedating antihistamines and
emphasize the use of first-generation antihistamines
(30, 31). The cost savings of these programs shouid
be weighed against the potential increased risk to
the driving public and against the laws of 27 states
that prohibit driving under the influence of any drug
or any substance (32, 33).

We conclude that participants performed simi-
larly when treated with fexofenadine or placebo.
Participants who consumed alcohol did well in per-
forming the primary driving task but not the sec-
ondary tasks, resulting in poarer overall driving per-
formance. This study demonstrates that the first-
generation  antihistamine  diphenhydramine may
have an even greater impact than does alcohol on
the complex task of operating an automobile.
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DIETARY APPROACHES TO STOP HYPERTENSION (DASH) DIET

FRANK M. Sacks, M.D., LAURA P. SvETKeY, M.D., WiLLiaM M. VOLLMER, PH.D., LAwWReNCE J. AppeL, M.D.,
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fOR THE DASH-Sopium CoLLABORATIVE RESEARCH GROUP

ABSTRACT

Background The effect of dietary composition on
blood pressure is a subject of public health impor-
tance. We studied the effect of different levels of di-
etary sodium, in conjunction with the Dietary Ap-
proaches to Stop Hypertension (DASH) diet, which is
rich in vegetables, fruits, and low-fat dairy products,
in persons with and in those without hypertension.

Methods A total of 412 participants were randomly
assigned to eat either a control diet typical of intake
in the United States or the DASH diet. Within the Bs-
signed diet, participants ate foods with high, interme-
diate, and low levels of sodium for 30 consecutive days
each, in random order.

Results  Reducing the sodium intake from the high
to the intermediate level reduced the systolic blood
pressure by 2.1 mm Hg {P<0.001) during the control
diet and by 1.3 mm Hg (P=0.03} during the DASH di-
ot. Reducing the sodium intake from the intermedi-
ate to the low level caused additional reductions of
4.6 mm Hg during the control diet {P<0.001) and
1.7 mm Hg during the DASH diet (P<0.01). The ef-
fects of sodium were observed in participants with
and in those without hypertension, blacks and those of
other races, and woman and men. The DASH diet wes
associated with a significantly lower systolic blood
pressure at each sodium level; and the difference was
greater with high sodium levels than with low ones. As
compared with the control diet with a high sodium
level, the DASH diet with a low sodium level led to a
mean systolic blood pressure that was 7.1 mm Hg
lower in participants without hypertension, and 11.5
mm Hg lower in participants with hypertansion.

Conclusions The reduction of sodium intake to lev-
els below the current recommendation of 100 mmol
per day and the DASH diet both lower blood pressure
substantially, with greater effects in combination than
singly. Long-term health benefits will depend on the
ability of people to make long-lasting dietary changes
and the increased availability of lower-sodium foods.

(N Eng! J Med 2001;344:3-10.)

Capyright © 2001 Massachusetts Madical Soclaty.
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YPERTENSION aftects almost 50 million

people in the United States and places

them at higher risk for cardiovascular dis-

eases.t?2 Furthermore, this risk increases
with progressive elevations in blood pressure, begin-
ning at even normal levels of blood pressure.? The
Diectary Approaches to Stop Hypertension (DASH)
trial demonstrated that a diet that emphasizes fruits,
vegetables, and low-fat dairy products, that includes
whole grains, poultry, fish, and nuts, that contains only
small amounts of red meat, sweets, and sugar-contain-
ing beverages, and that contains decreased amounts of
total and saturated far and cholesterol lowers blood
pressure substantially both in people with hyperten-
sion and those without hypertension, as compared
with a typical diet in the United States.* The DASH
diet is now recommended in national guidelines.’
Clinical trials have shown that reducing the sodium
chloride content of typical diets in the United States or
northern Europe lowers blood pressure,¢# and guide-
lines recommend reducing the daily dietary sodium
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intake to 100 mmo) (equi
i quivalent to 2, sodi
or 5.8 g of sodium chloride) or Jcoss?‘s & of sodum

mmol per day, which is equi
3 W quivalent to 3.5 g of sodj
or 8.7 g of sodium cl:nloridc) to below tﬁcocZ?gcj:::R’,

than 60 mmo) of sodiur
lc;)n‘lpktely controlled’o "noi:irmfl?l)-:caall’g;i‘ell;:if;"::'iln'
[h:c]: ::ﬁ I~)]ASH diet loyvcr the blood pressure bcy(l)n;
o v ac 1|cvablc. by simply reducing sodium intake»
Vhat is the combined effect of the DASH d; d
rLdLIFCd sodium intake? The extent to whic) lcht o
.d_ulcnon_ of the sodium level, in the contcxtLo]ft e
i;;sL}IInét;d States diet and in combination witlrz,}?
o fet, lowers blood pressure in people witho .
Ypertension is a much-debateds # issue critical he
prevention of hypertension. calto the

METHODS
Study Design

T .
he study was a multicenter, randomized trial com, aring the ef-
L comparing the cf:

fects on bloa ressure of three leyels
L s of sodium in i i
;]t.z‘ir:;j(;qg [‘;c(l)\:l:ts“:/ag: ooa_EEssurc exceeded lf::)lkg()mn:o;gp
K age 1 hypertension (2 systolic blood .
ey systolic -
n m(n: I;g)toT1,59dnn_n Hgora dilasrolic blaoé prrssur:zf 9%":)
Seprom ]§97]ch csign of the trial, which was conducted from
acbusmoer | “r' rough November 1999, has been described j
o lsotrc. The three sodium levels were defined as high (u:
i .m""f“ per da).' w:f)x an energy intake of 2100 keal
e mrgﬂyg}c;naonsumpuon in the United States!), intermedi-
o argets b mmol per fiay, reflecting the upper limit of th:
per o e nal recommendarions'), and low (a target of 50 mm T
addjtjm;a] ; ctnpg a level thar we hypothicsized might produc, "
Pmpomonc::\cnng of blood pressure). The daily sodium imalrgcwln
Feportiona rc' to Irhc total energy requirements of individual :—5
rnnd a"d, th:rc]fll .argcr or VCI')’ active persons WOLI]d receive n:)rc
Thand ther ore more sodium than smaler or less active person:
in e Lo :{Hs were a control diett typical of what man ISl
f"r‘ﬁt?—\»?g::c\ Smci(ﬁn, and ‘h.c iet, which emp ::zc:
pm,]t;y ﬁ;h‘ mc;, and fow-far diu.r)' foods; includes whole grains
verte ‘a"d s‘u "l [Tl.lrs; and contains smalll:r amounts ﬂffﬁd mcat,
Unigcd‘ s E:T’r-';il]ralnlng bclvcragcs than the typical diet in lhc’
e d\m“‘ )4 ' c D._ASH diet (priginally termed the “combi-
g on diet t:l stl) contains smaller amounts of toral and saturated
e and dic: cr;:hnnd larger amounts of potassium, calcium, mag-
pesium, ry fiber, and protein than the typical dieg 4.7 Th 5
composition of the dicts was calculated and monimr:dcwri‘:f;

Duriag 1 two-week run-in period, eligible persons ate the high

sodium contro fet. Participant: were 1 rando. ass, (o]
d s then ra mly assigned ¢

follow one of the two diers according to a paraliel-group desipn

bey ate [ assy C h 35 ! Ts for
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artici " b j
5eigh[prt:;z :n;rgy tntake was adjusted to ensure that his or her
ned constant throughout the study. Each of four clin-

ical ce ial i
T R:rs C(Lnducrcd the trial in four or five cohorts of participants.
. lgcom: Was systolic blood pressure at the end of each
S € tar ntervention, and the second outcome
QOG pressure c study v
G f 5]_ d T Yy was approved by the
E) $ committees of the centers, and written informed co‘rl:::t\

was given by each participant.
Criteria for Eligibility

hm};ol::;‘:’ligiblc plr[i&':ipan[s had to be at least 22 years old and to

v ls;r;‘lng: s])-,lsmhc blood pressure on three screening visits of

95 o Tv & and an average diastolic blood pressure of 80

N pﬂccﬁ.‘ w;;:iiﬂ]:'ﬁ an enrollment that was 50 percent blacks
; ! - Lhe criteria for exclusio, j

renal insufficiency, poorly controlled hypcrl.ipidc:-n:!z;: gx?;:tf:rcna:lc’

Measurements

B .
numI:de pr;slsun: Was measured with random-zero sphygmom

ers while participants were scated at three scr:cningg visit:
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TABLE 1. Base-LiNg CHARACTERISTICS
OF THE PARTICIPANTS.*

DASH D Conrmor Dier

Characrrrignc (N=208) (N=204)}
Age (1)
47+
Female sex (%) 59 * 4::10
Ra};e or ethnic group (%) *
lack
Ngn»Hisp:m‘c white ig 2
Asian or other 3 °
Hypertension (%)t 41 4?
IBI(Smd Pressure (mm Hg)t
ystolic
§._ Diasrolic lgzigo 1:25‘10‘
Body-mass index§ 2925 30:5
Waist circumference (em} 96x12 100:14

Urinary sodium (mmol/da;
¥} 1S8x79
Educarional levet (%) teaer2

High-school gradu.

Attended collEg: e ‘:f 2

College graduare 45 s
Annual income (%) *

<$30,000 32

$20,000-560,000 33 "

>3560,000 35 ;;

*Plus—minus values are me:
ans +SD. i
nor all percentages total 100, 55D Becauae ofroundiog,

r:s]s'{yper;ensiun was defined as an average sysiolic blood
gr“luu:: nrglgo to 159 mm Hg or 2n average diastolic biood
" T to 95 mm Hg during the three screcning visits.
2s¢-line blood pressure was the ave| -

. Tage of three screen-
INg measureme, i i
g e ns and two measurements during the run-in

$The body-mass index is the ighr &
: 2 e weight i ivi
by the squarc of the height in mertfi. i Klograms diided

YBase-line urinary sodium 1
) 3 Y was determined from a 24-
il;}r:::’c‘t:,l‘l:cuon'dunzg the screening period, when Lhtzfna}::':»!
were cating their customary, self-sel, I
were missing for four pan.icip:nu?:’z the EA‘;;;%’::C;ouD; “

' www.nejm.org

DIETARY EFFECTS ON BLOOD PRESSURE

twice during the run-in period, weekly during the first 3 weeks of’
cach of the three 30-day intervention periods, and at five clinic vis-
its during the last 9 days (at ieast two during the final 4 days) of each
intervention period. During the screening period and during the
fast week of cach intervention period, a 24-hour wrine collection was
obtained. The participants and the dictary staff were unaware of the
outcome dara; the personnel involved in the collection of the out-
come data were unaware of participants’ diet assignment. We as-
sessed participants’ adherence to the diet by reviewing their daily
food diaries, having them cat their weekday lunches or dinners on
site, and measuring 24-hour urinary excretion of sodium, potassi-
um, phosphorus, and urea nitrogen. Side effects were monitored
by mieans of questionnaires regarding symptoms and ilinesses. Ac-
cording to the study protocol, a systolic blood pressure of more than
170 mm Hg or a diastolic blood pressure of more than 105 mm Hg
at a single visit was considered to necessitate a second measurement;
if the reading was sustained, the participant was referred to his or
her physician for further evaluation and treatment.

Statistical Analysis
The analyses were structured according to a twa-by-four design
to compare the two diets (control and DASH) during the four pe-
riods (the run-in period and three intervention periods). The base-
line blood pressure used for the analyses was the average of the
measurements taken during the screening and run-in periods, and
the blood pressure used for the end of each intervéntion period was
the average of the fast five measurements. A unificd generalized-
estimating-equation™ modél with an exchangeable covariance ma-
trix was uscd for all primary analyses. Blood pressure was the out-
come. The base-line blood pressure, the clinical center, and the
cohort were represented in the model as fixed effects, whereas the
intervention periods were included as random effects to allow for
within-person correlation among blood-pressure measurements.
‘The model included indicators of the cohort, the clinical center, and
the carryover effect from the previous intervention. Results were
similar with and without carryover in the model. Indicators for the
subgroups specified in the study protocol (hypertensive status,
race, and sex) and for the relevant interactions with the effects of
the dier assignments and sodium levels were included in the sub-

group analyses.
The linearity of the effects of sodium within the control dict or

the DASH dict was assessed by comparing the decrease in blood
ptessure from the high to the intermediate level of sodium with the

the resulting adjusted P values could be compared to 0.05 to deter-
mine significance.® The adjusted P values were used for the Mood-
pressure changes in the toral cohort, but not i subgroups, as spec-
itied in the study protocol. All analyses were performed according

to the intention-to-treat approach; in 22 instances, missing, blood-
pressure measurements during an intervention period, including
those owing to a participant’s withdrawal tfrom the study, were re-
placed by base-line values. The planned samiple size af 400 was cal

culated in order to provide the srudy with a power ol 90 percent
to detect a difference in systolic blond pressure of 2.1 mm Hg be-
rween sodium levels, and a difference of 3.0 mm Hg between the
DASH and control diets at each sodium fevel.

RESULTS

The base-line characteristics of the participants are
shown in Table 1. A total of 95 percent of the partic-
ipants assigned to the DASH-dict group (198 of 208)
and 94 percent of those assigned to the control-diet
group (192 of 204) completed the study and provid-
ed blood-pressure measurements during cach inter-
vention period. Mean urinary sodium levels averaged
142 mmol! per day during the high-sodium period,
107 mmol per day during the intermediate-sodium
period, and 65 mmol per day during the low-sodium
period (Table 2). The levels of urinary potassium,
phosphorus, and urea nitrogen (reflective of the intake
of fruit and vegetables, dairy products, and protein,
respectively) were higher in the DASH-dier group than
in the control-diet group, and were nearly identical
for all three sodium levels. Weight remained stable, as
intended.

The reduction of sodium intake significantly low-
ered systolic and diastolic blood pressure in a stepwise
fashion, with both the control diet and the DASH diet
(Fig. I). The level of dietary sodium had approximate-
ly twice as great an effect on blood pressure with the
control diet as it did with the DASH diet (P<0.001
for the interaction). There was a greater response of

decrease from the intermediate to the low fevel of sodium. Mufriple
comparisons were accounted for by means of the method of Holm'®;

blood pressure to progressively lower levels of sodi-

TaBLE 2. URINARY EXCRETION AND BODY WEIGHT ACCORDING TO

DIETARY SODIUM LEVEL AND ASSIGNED DIET.

Hign SooiuM LeveL

DASH CONTROL
DIET DIET

VARABLE

Urinary excreton

Sodium
mmol/day 144%58 14155
3.3x13 3.3*+13

8/day
Potassium
mmol /day 75227 4014
g/day 29=x1.1 1.6+0.5
778+285 666+248

Phosphorus (mg /day)

11.5%4.0 9.6%3.2

INTERMEDIATE SoDIUM LEVEL Low Sooium Lever

DASH CONTROL DASH CONTROL

DIET IMET DIk NIkt
maean +SD

107£52 106244 67146 64+37

25+1.2 24210 15*1.0 520
8131 4114 8129 42714
3.2x12 1605 32=*11 1.6+0.5

825350 6462264 7831286 672%243

124245 9.7x34 11.8x4.1 10.0£3.3

Urea nitrogen {g/day)
Creatinine (g/day) 1.4%05 15205 1.520.6 15+0.6 14205 1.6%0.6
Weight (kg) 82.3t145 B85.3x}5.6 82.1x14.4 85.1=%l6.0 822x145 85.0x157
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um intake. In the control diet, a reduction in the sodi-
um intake of about 40 mmo) per day from the inter-
mediate sodium leve) lowered blood pressure more
than a similar reduction in the sodium intake from the
high level (P=0.03 for systolic blood pressure, P=
0.045 for diasrolic blood pressure).

The DASH dict, as compared with the controf diet,
resulted ina significantly lower systolic blood pressure
at every sodium level and ip 3 significantly lower dj-
astolic blood pressure ar the high and intermediage
sodium levels (Fig. 1). Tt had a larger effect on both
systolic and diastolic blood pressure at high sodium
levels than it did ar low ones (P<0.001 for the in.
teraction),

As compared with the high-sodium controf diet, the
low-sodium DASH dier produced greater reductions
in systolic and diastolic blood pressure than either the
DASH diet alone or a reduction in sodium alone (Fig.
1). The reductions in blood pressare caused by the
combination of dietary interventions were smaller than
they would have been if the effects of each dietary in-
tervention were strictly additive (P<0.007] for the in-
teraction).

Reducing the sodium intake from the high to the
low level, with either the control diet or the DASH
dict, reduced systolic blood pressure in participants
with and in those withour hypertension (among blacks
as well as among participants of other races of ethnic

Figure 1. The Effact on Systolic Blood Pressure (Panel A) and
Diastolic Blood Pressure (Panel B) of Reduced Sodium Intake
and the DASH Diet.

The mean systelic and diastolic blood pressures are shown for
the high-sodium control diet. The mean changes in blood pres-
sure are shown for varigus sodium levels {solig lines), and the

{mean, ~6.7 mm Hg; 95 percent confidance interval, -54 10
—~8.0; P<0.001) and tha DASH diat {mean, —3.0 mm Hg; 95 per-
cent confidence interval, -1.7t0 -4.3; P<0.001) and between
the high-sodium phase of the control diet and the tow-sodium
phasa of the DASH diet imean, - 8.9 mm Hg; 95 percent coni-
dence interval, ~67 1t -1171; P<0.001). There was also a sig-
nificant difference in diasiolic blood pressure between the
high-sodijum and low-sodium phases of the control diet {maan,
-=3.5 mm Hg; 95 percent confidence interval, —~2.6 to —4,3;
P<0.001) and of the DASH diet {mean, -1.6 mm Hg: 95 percent
confidence interval, -0.g to -2.5; P<0.001) and between the
high-sodium phase of the control diet and the low-sodium
phase of the DASH diet {maan, -4.5 mm Hg; 95 percent confi-
dence interval, ~31 to -5.9; P<0.001). Asterisks {P<0.05), dag-
gers (P<0.01), and double daggers {P<0.001) indicate signifi-
cant differances in blood pressure between groups or betwean
dietary sodium catagories.
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8roups), and in men and women (Fig. 2). The effects
of sodium were Breater in participants with hyper-
tension than in those withour hypertension (interac-
tion, P=0.01 on the control diet; P=0.003 o the
DASH diet), in blacks on the control diet than in par-
ticipants of other races or ethnic groups on that diet
(P=0.007), and in Wwomen on the DASH diet than
in men on that diet (P=0.04). As compared with the
combination of the control diet and a high leve| of
sodium, the combination of the DASH diet and a low
level of sodium lowered systolic blood pressure by
115 mm Hg in participants with hypertension (12.6
mm Hg for blacks; 9.5 mm Hg for others), by
71 mm Hg in participants without hypertension (7.2
mm Hg for blacks; 6.9 mm Hg for others), and by
6.8 mm Hg in men and 10.5 mm Hg in women (P<
0.001 in all subgroups). The combination of the two
dietary interventions lowered systolic blood pressure
more in participants with hypertension than in those
without hypertension (P=0.004), and more in wom-
en than in men (P=0.02).
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levels of sodium inteke.

lic blood pressure of more than 170 mm Hg
orja\csi{asst;lic blood%rcssurc f)f more ﬂ]:lr‘l l(()iS mn:oll-Jlg
occurred in 36 participants in the cgnnol- 1c_t-_g m[:
and in 7 in the DASH~dilct g:‘jc_)up; y]éfepazrztljssing
i e period of high sodium intake, r
ilt;'rrlgegilatgsodium intake, and 3 during low sogixt:nn:
intake; and in no participant dunr}g the Iow-'sq fum
hase of the DASH dict. None of these partm{u ts
Eeached the predefined threshold for sustained eleva
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ed blood pressure!® that necessitated referral for anr:;
| articipants
i acologic therapy. The par ]
hypertensive pharmaco y. Th cipa
tr:);?dcd to report fewer symptoms during p:;’mtdl.s u:
: cas
jium intake. Headache was reported a ea
educed sodium intake cl L :
I’anc by 47 percent of the participants during the hxigh
g i ' reent dur-
i he controt diet, by 39 pe
sodium phase of t I pereent dur-
i sodi hase of the contro )3 A
ing the low-sodium p ; ! |
36gpcrccnt during the low-sodium phase of thlc D|A§)H
diet (P<0.05 for both comparisons with the high
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::L):::un[) ph;lsc(?f‘itllc control diet). The number of par
ants who did not complete an ; i i
nts i anintervention period
was similar during all thr i o
\ ce sodium levels (seve

: : ! n dur-
ing the high-sodium phase, seven during the interme-

diate-sodium ph ;
: ase, and e i ;
phasc). Phase, and eight during the low-sodium

DISCUSSION

~ This trial produced several key findings that
::];:‘ortm;:r‘ for tlhr: prevention and [rCﬂ[mcIﬁ.Of}?\'p:"c
‘nsion. First, the DASH diet Jo ssure
:fl hxgh,‘i ntermediate, and low lc:/‘;izcodfls)(l)(:ici)l?rl‘l“;cstilll(rc
;;lxlglr_;mpg ;\1\:1 extending the findings of the prcnvi‘()ucs:
DASH n;iifl;L)i‘;ve In}(]):l\s,b;?s etlwmms . ?0!lo\k'il1g e
the range of sodium inmkc:smi::ghm'npp o o Ehout
mended fur the prevention ’:md t:f:::ri::?scffr):mm~
tension, becopd, blood pressure can be lowered .)’Pt‘;lf‘
g([m[sunlcrshuflc)il;hscr a diet that is typical in the UI:itc;
ates or the H diet by reducin ium i
i:;tcl ﬁ'olrr_) ap‘pr({-xinmtcly l‘i,O mm(); Ec?lsg??;sn;\':;-
age level in the United States) to an intermedj I |
of approximately 100 mmol per day (the cur:cllittcl e,
l(::n,r?]c'n.dc:d upper limit'), or frony this level to ‘3 ::IC”
wer leve) of 65 mmol per day. Moreover, reducir
r‘hc sodium intake by :lpproxim.atcly 40 mm‘ol er 115
caused a greater decrease in blood pressure \vlfc' t,ﬂ):
srarting sodium intake wag already at the recom . [(;L
fllli li‘\,'cl th;\‘n \x;]hcgit was at a hi'ghcr level 9imri]l]:rnt(;
¢ average in the United S These result i
a scientific basis for a ln\\i[:[;:)'nll :](f:iill:i::['s Pﬂ;‘fldc
th:u) ‘thc fevel currently recommended yrodum
Third, 'rhc combined effects on blo6d pressure of
alow smhu.m intake and the DASH diet were g e
than thc'cﬂ‘ects of cither intervention alone a 51-:“”
substantial. In participants with hypcrtcnsionnthwcrfc
[fl:;: !\:’C;f](;t}]ljlal to or ti_zr::atcr than those of sing,lc-gncug.
apy. 2127 The combined effec
would be estimated on the basi[: :Ffrrr:i)tt :(sigil;c'aF .
perhaps t"ﬂ'ausc low levels of sodium attcnuatcr;v:;]y’
hy;;)otcnswc cﬂ'cc'ts of porassium in the DASH djct“"i
3:: lg;/:;zls”c ;I;:[Tgh potassium or calcium content of
S0 0 et attenuaced the effects of low levels of
:eodmm.z-" ¥ Nevertheless, the combination of the
mrerventions achieved the greatest effect on ]bl rwz
pressure, and therefore, both — not just one 0?1
other — merit recommendation. The DASH diotr ‘ ;
the I()v'v sodium level were well tolerated, with Coﬂ}l
yrease in symptoms or dropouts. However. lon l?tcm-
health benefits remain to be dcmnnstrat;d angd "}}
depend on the ability of people to make long-la [‘.Vl
dictary changes, including the consistent is ice of
lower-sodium foods. choiee of
We found that the reduction of dietary sodium s
nificantly lowered the biood pressure of’[’)crson 'Tl 'Sllg-
out hypcrtension who were cating a diet that ?smf -
ical in the United States. These results should sc[i‘rll)_
the controversy over whether the reduction of'sodiun:
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has a worthwhile effect on blood pressure in perso
without hypertension. This controversy stcmencd ?:
part ﬁ_'om thc_: apparently divergent results and inter-
pretations of individual trials and meta-analyses.¢-8 Be-
cause of differences in the designs, quality, and srudc
populations of the trials and the subjcctivi‘ry in\'olvcr)i,
in }udgmcn_rs about which studies to include in meta-
:S:SIZS;Z‘L?:'B(::’ larg;, well-controlled trial with a dj-
aci . .
ol cfl:fccts 0? S';?:::?:ZSIC most reliable estimates
lq our study the dietary intake was controlled and
the influences of behavioral factors, programs ofacr;L
etary education, and varying degrees of adherence ¢
the dl.crs were minimized, so that we Mmeasured ‘0
true blologic effects. This method offers the o n?n )l’
approach for determining the effects of diet onl:l’)l;nii
pressure. The variation in the resulrs in persons Wi[(;‘l‘
out hypertension among previous trials and meta-
la:j\lalyscs were probably caused in large part by variable
adherence to the prescribed reduction in sodium, in-
adcqu'atc trial design, small samples, or limitations in
a{mlysx§ and presentation, rather thay by the lack of
bxo]ngl}' eftect of sodium on blood pressure ’
. We found that the level of dietary sodiumland -
Sienment to the control or the DASH diet each haii
a substa.rmal effect on the blood pressure of blaclil
conﬁrmng previous findings.?83 Blacks have a hi hs’
e rate of hypertension and the resulting cardjovascEl
disease than other racial and ethnic groups in the Uni:tlf
ed Star;s. We speculate that a greater sensitivity to th,
deleterious effects of diet could contribute to the hj }cx
prevalence of hypertension in blacks. These ﬁnding
justify the intensification of public health and thc:rgf
peutic cﬂ‘og-ts to induce dietary change among blackz
T'hc attainment of a lower sodium Jeve! in the op-
ulation as a whole preseuts challenges, since sOdiume
widely prevalent in the food supply, ‘and since mols
of the daily sodium intake comes fr’om salt in ros‘t
essed foods rather than from rable salt.3 The ﬁrgt r:~
porton U.S, dictary goals by the Senate Select Com-
mittec for Nutrition and Human Needs recommended
a goal pf’a’ g of sodium chioride per day (52 mmol
of sodium),* but concern about the feasibility of
achieving this goal led to an increase of the 0;3; to
5 g of sodium chloride.3 Hence, cfforts to grcduc
sm,hum intake must ultimately rely both on consum?
Fr:'s selection of low-sodium faods and, perhaps more
;,,f:;iﬂt' on the increased availability of low-sodium
Our results should be applicable to most people in
the United States. Approximately 50 percent of the
adult population of the United States and 80 percent
of those 50 years of age or older have a blood pressure
pfa_t lca§t 120/80 mm Hg,% which is the upper lim-
it of optimal blood pressure! and which was thpc lower
limit of the cligibility requirements for blood pres-
sure for our trial. Furthermore, epidemiologic studies
suggest that diets low in sodiumn and high in potassium
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blunt the rise in blood pressure that normally occurs
with age.? The intervention periods in our trial were,
of necessity, brief — just 30 days. Still, the effect of the
reduction in dietary sodium on blood pressure tends
to persist over time to the extent that adherence to the
lower-sodium diet is maintained.”'53 In conclusion,
our results provide support for 2 more aggressive target
for reduced sodium intake, in combination with use of
the DASH diet, for the prevention and wreatment of
elevated blood-pressure levels.
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PURPOSE: Estrogens inhibit adrenomedullary catecholamine
. release and catecholamine-mediated responses to stress. We ex-
amined whether estrogen supplementation reduces the sympa-
thoadrenal response to mental stress in postmenopausal
. women.

(‘é;i MATERIALS AND METHODS: We compared the effects of
%‘;/ 3-week treatment with transdermal 17-beta-estradiol and pla-
AL
By

3. cebo in 10 postmenopausal women using a randomized,
f{;‘ blinded, crossover design. We measured plasma catecholamine
levels and the cardiovascular and metaboliic responses to a 15-
fninute stress with mental arithmetic, Treatments were com-
/- pared using repeated measures analysis of variance.
».;FBSULTS: During placebo treatment, mean (+ D) epineph-
ine levels reached a peak of 431 * 135 pmol/liter after 15 min-

tradiol treatment, with a peak of 357 + 77 pmol/liter (P <0.05).
Estradiol also blunted the diastolic blood pressure response to
stress {baseline levels of 78 + 15 mm Hg vs peak 0f90 + 6 mm
Hg during placebo; baseline of 80 * 8 mm Hgvspeak of 84 + 6
mm Hg during estradiol; P <0.05), Estradiol treatment also
blunted the decrease in the standard deviation of the mean of
the electrocardiographic RR intervals and the increase in the
ratio between the low-frequency and high-frequency band-
widths.

CONCLUSION: We observed a moderate, although signifi-
cant, reduction in markers of the stress response to mental
arithmetic in postmenopausal women treated with transdermal
17-beta-estradiol. Am ] Med. 2000;109:463—-468. ©2000 by
Excerpta Medica, Inc.

ex hormones affect the activity of the sympathoad-
N\ renal system. The catecholamine responses to vari-
ous stirnuli, such as physical exercise (1,2), hypogly-
béria (3), and mental stress (1), arelower in women than
Mn men. There is a reduction in the stress-induced cate-
holamine response in men after estrogen administration
gn) Estrogens reduce catecholamine release from adre-
;v,é'medullary cells (5) and affect the enzymatic pathways
tgulating catecholamine synthesis and degradation
7). They may also modulate the activity of both alpha-
ind beta-adrenoreceptors (8-10).
1211 The menopause-related decline in circulating levels of
strogens is associated with an increased cardiovascular
k(11), and postmenopausal women have a greater car-
I .ﬁmvascular response to certain stressful stimuli than do
remenopausal women (12). However, although obser-
wtional studies have reported a significant decrease in
rdiovascular events in women who use postmeno-
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pausal estrogen therapy (13,14), a randomized trial
found that estrogens were not effective for the secondary
prevention of coronary heart disease in postmenopausal
women (15). Moreover, interim results from the Wom-
en’s Health Initiative, a primary prevention trial, have
suggested a potential increase in the risk of heart disease
during postmenopausal estrogen therapy (16). There-
fore, although estrogens have beneficial effects on serum
lipid levels and endothelial and vasomotor function
(17,18), the overall effects of postmenopausal hormonat
replacement therapy are uncertain.

One unsolved question is whether estrogens affect the
cardiovascular system by decreasing the sympathoadrenal
response to acute stress, Investigators have reported that es-
trogens reduce both basal and stress-induced sympathetic
tone (19,20), but others have reported no effects on cardio-
vascular responses to stress (21,22), Different regimens, in-
cluding dose, duration, and route of administration, of es-
trogen were used in these studies. Therefore, we studied the
effects of 17-beta-estradiol, administered transdermally for
3 weeks, on plasma catecholamine levels and the cardiovas-
cular and metabolic responses to a mental stress challenge in
postmenopausal women,

MATERIAL AND METHODS
The study was performed in 10 postmenopausal women,

who had a mean age of 53.9 + .1 years, a mean body
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mass index 0f25.2 = 1.3 kg/m?, and few or no vasomotor

symptoms. All wornen had undergone natural (nonsur-

gical) menopause. Menopausal status was confirmed (se-

rum levels of follicle-stimulating hormone greater than

40 mU/mL and estradiol less than 60 pmol/liter). All sub-

jects were nonsmokers, had normal serum lipid levels,

and had no history of cardiovascular disease. They had a

low caffeine intake and took no medications. None had

ever used estrogen replacement therapy. All of the suh-

jects answered the Kellner Symptom Questionnaire (23),
the Paykel Life Events Scale (24), and the Spielberg State-
Trait Anxiety Inventory (25); those with identified psy-
chological problems or who had experienced stressful life
events in the previous 6 months were excluded. Subjects
gave their informed consent to participate in the study.
The protocol was approved by the Ethics Cormumittee of
the University of Parma.

Design

Subjects were treated with 17-beta-estradiol or placebo
for 3 weeks, according to a randomized, double-blind,
crossover design with a 3-week wash-out between the two
treatments; 6 women were randomly assigned to receive
estrogen as the first treatment. Both treatments were ad-
ministered by skin patches (Rotta Research, Milan, ltaly),
which were renewed every 3 days. The release of 17-beta-
estradiol was 50 ug per day. Atthe end of each treatment,
the subjects underwent a mental stress test.

Mental Stress Test
In preliminary sessions, the subjects were familiarized
with the serial subtraction test and the digit span test.
Roth sessions of mental stress were performed in the
morning between 9 and 10 am. The subjects ate a light
breakfast at least 2 hours before the experiment, avoiding
substances known to affect the sympathoadrenal system.
They were seated in a comfortable chair in a quiet testing
chamber. A 19-gauge intravenous catheter was placed in
a superficial vein of the hand; the hand and the distal
forearm were then placed in a box heated at a constant
temperature of 55° C to obtain arterialized venous blood
samples. The catheter was kept patent with a slow infu-
sion of 0.9% saline. A cuff for automatic recording of
blood pressure (A&D International, Ltd., Tokyo, Japan)
was placed in the arm contralateral to the one used for
bload sampling. 1n addition, continuous automatic elec-
trocardiographic (ECG) monitoring was performed us-
ing a three-channel amplitude modulated tape recorder
(Cardio Corder; Del Mar Avionics, Irvine, California).
The stress test was divided into three consecutive parts: an
initial 30-minute period of resting, a 15-minute mental
stress, and a final 15-minute recovery period in resting
conditions. During the last 15 minutes of the initial rest
period, two (—15 and 0 minute) blood samples were col-
lected, and systolic and diastolic blood pressures were
recorded.

The 15-minute mental stress was divided into three
5-minute periods, each consisting of two different tasks: a
4-minute serial subtraction testand a }-minute digit span
test. The serial subtraction test required subjects to sub-
tract 17 from a four-digit number. The digit span test
required subjects to remember numbers in the correct
sequence forward during the first and the third periods,
and backward during the second period of the stress chal-
lenge. The length of the items was varied to make the
difficulty of the task unpredictable. The numbers used
were the same as those in the Digit Span Test of the Wech-
sler Adult Intelligent Scale (26). The subjects performed
the tests as fast as possible and were accompanied 4 a
metronome; they were not allowed to use paper or pe il
during the procedure. If they made a mistake, they were
asked to stact again from the beginning. Blood samples
were collected during the mental stress at 5, 10, and 15
minutes from the beginning of the challenge. At each
sample time, systolic and diastolic blood pressures were

recorded.

At the end of the stress challenge, subjects were left in
resting conditions for 15 minutes, after which a blood
sample was collected and blood pressure was recorded;
soon after, the continuous automatic ECG monitoring
was stopped. The subjects rated the overal} difficulty of
the tests using a five-point scale (with 1 indicating easy
and 5 indicating very hard). To assess the level of anxiety
caused by participation in the study, subjects comp!rted
the Spielberg State-Trait Anxiety Scale before and ut the
end of the stress challenge.

Measurements of Hormonal and Biochemical
Variables in Blood Samples

Blood samples for measuring plasma epinephrine and
norepinephrine levels were collected at each sample time
in tubes containing glutathione and ethyleneglycol-bis-
(beta-aminoethyl ~ether)-N,N,N’,N’-tetraacetic acid
(EGTA) and immediately put on ice; after separationina
refrigerated centrifuge, plasma was stored at —80° Cuntil
assayed. Plasma catecholamine levels were evaluated us-
ing a reverse-phase high-performance liquid chromatog-
raphy method with electrochemical detection (4). Blood
glucose levels were determined with a glucose analyzer
(Beckman, Palo Alto, California). Serum insulin fevels
were measured by radioimmunoassay (Sorin, Milar, Ita-
ly). Serum levels of free fatty acids were determiried in
basal conditions and at the end of both the 15-minute
stress test and the recovery period by a spectrophotome-
ter (Beckman, Palo Alto, California). Serum levels of 17-
beta-estradiol were evaluated on basal samples that were
collected in both sessions before the stress test by radio-
immunoassay using a commercially available kit (Sorin,
Milan, ltaly). All samples were run in duplicate. The in-
tra- and interassay coefficients oMariation were less than
10% for all of the measurements.
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U Analysis of Continuous ECG Recording

f Three leads were used for monitoring. The Strata Scan
Holter Analysis System program (Del Mar Avionics, Ir-
vine, California) was used for the tape analysis. Heart rate
j; was expressed as the mean of the RR intervals, A histo-
& gram of the consecutive RR ratio was examined, and cy-
g cles outside 80% to 120% of preceding RR intervals were
{’.& excluded to avoid the interference of artifacts, premature
@ beats, or postextrasystolic pauses (27,28). All tapes were
B then analyzed to measure heart rate variability in both the
#  time and frequency domains. Recordings were analyzed
% by one investigator who was unaware of treatment. In the
time domnain of heart rate variability, we calculated the
standard deviation of the mean of all normal RR jntervals
in the following three periods: the final 15 minutes of the
initial resting conditions, the 15-minute stress chalienge,
'/ and the 15-minute recovery period. In the same intervals,
§,fj we also evaluated the frequency domain of heart rate vari-
iz ability; spectral measurements were computed by fast-
Fourier transform analysis. Spectral plots were used to
identify two subsets of the frequency domain: low fre-
Quency (0.05t0 0.15 Hz) and high frequency (0.15to 1.35
sp). Spectral power was quantified in these two fre-

" :

uency bandwidths. Spectral plots were squared to quan-
q'fy power in the two frequency bands (in milliseconds
«éguarcd). The ratio of low-frequency to high-frequency
power was calculated.

"
:Data Analysis
fa‘?reliminary analysis with the Shapiro-Witk W statistic
¥5t was performed to determine whether the data con-
v};r.ned to a normal distribution, and the homogeneity of
jeriance was computed by Bartlett’s test. Data were ana-
ved using repeated measures analysis of variance in
_ch the effects of both time and treatment were evalu-
ed. There were no statistically significant interactions
I_tween order of treatment and effects on stress response
hll P.<0.l9); thus results were combined. If an F value
’g&?s significant (P <0.05), Student’s ¢ test was used to
Mmpare means between the groups. When data were not
%)rmally distributed, analysis was performed using the
3 fﬁcdm‘an rank test followed by the Wilcoxon signed rank
ftlst to identify differences between distributions; these
i 5ts were used to evaluate the effects of treatment on free
0 fﬁ&}y acid levels. All statistical calculations were made us-
gSPSS software (SPSS, Chicago, Hlinois) (29). Contin-
YOus values are expressed as mean * SD.

Prrum estradiol levels were increased at the end of the
tment with the 17-beta-estradiol patch (placebo 30 *
ﬂrbmf)llliter vs estradiol 171 # 25 pmoV/liter, P <0.003).
seline Spielberg State Anxiety scores were similar dur-
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Figure 1. Mean (+ SD) plasma epinephrine levels before, dur-
ing, and after mental stress after 3-week treatmeat with pl:;ccl\<)
(open square) or estradiol (flled circle) in 10 postmenopausal
women. Repeated measures analysis of variance revealed a sig-
nificant (P <0.05) difference between treatments.

ing the two treatments (placebo 40 + 3 vs estradiol 43 +
5, P = 0.72) and were not affected hy the mental stress
challenge (placebo, 41 + 4; estradiol 41 + 5 P= 0.6l)~
The subjects rated the test as being equally difficult (on ;
1-to-5 scale) during both the placebo and the estradiol
sessions (placebo 3 + 0.6 vs estradiol 3 + I, P=0.21).

Evaluations of Circulating Levels of
Catecholamines and Other Hormonal and
Biochemical Variables
Basal plasma epinephrine levels were similar during the
estradioland placebo treatments. In response to the men-
tal stress (Figure 1), epinephrine levels increased signifi-
canily during placebo treatment, fro_mms‘ammes of
273 % 67 pmol/liter to a peak of 431 + 135 pmol/liter
1easured at the end of the stress enge. The epinep
rine response was less marked during estradiol tre:

From a baseline of 2‘7"9wf—7-2“gm'ovl/l'ité'r, the values
reached a peak of 357 * 77 pmol/liter (P <0.05 com-
pared with baseline) 5 minutes after the beginning of
stress, with a subsequent continuous decrease. There was
asignificant (P <(.05) difference in the eftects of placebo
and estradiol on the stress-induced epinephrine re-
sponses using repeated measures analysis of variance.

There were no significant differences in basal levels of
plasma norepinephrine during the two treatments. Inre-
sponse to the stress stimulus, norepinephrine levels in-
creased during both treatments; however, these changes
were not statistically significant (Figure 2).

B.asal serum glucose and insulin levels were similar
during the two treatments and were not significantly af-
fected by the mental stress challenge during either pla-
cebo or 17-beta-estradiol treatment. Serum free fatty acid
levels increased significantly in response to the stress
challenge during the administration of both placebo
[peak values of 667 + 163 UM vs basal values of 520 +

October 15, 2000  THE AMERICAN JOURNAL OF MEDICINE®  Volume 109 465



Transdermal Estradiol and Mental Stress in Postinienopausa
4

.

2500

000
2500
2000

—— T
e S1s ° [ 10 18 30 min

Norepinephrine pmoliL

Figure 2. Mean (% SD) plasma norepinephrine levels .btforc.
during, and after mental steess after 3-week treatment with pla-
cebo (open square) or estradiot (filled circle).

136 uM (P <0.05)] and 17-beta-estradiol {peak values of
617 + 123 uM vs basal values of 489 * 108 uM (P
<0.05); Figure 3). There were no differences between
treatments in either the absolute increments (P = O.§7)
or the area under the curve responses for free fatty acids
levels (P = 0.70).
Evaluations of Blood Pressure Levels and
Continuous ECG Monitoring o
Basal systolic and diastolic blood pressures were similar
during the two treatments (Figure 4): In respor?se't_o
menta} stress, systolic blood pressure increased signifi-
cantly during placeho treatment, from 120 i.‘) mm Hg'to
a peak of 136 = 15 mm Hg (P <0.001).'Durmg est.rad.lol
treatment, systolic blood pressure also increased signifi-
cantly in response to the stress challenge, from 119 * 9
mm Hg to a peak of 133 = 15mm Hg (1'3' <0.01). Then:e
were no effects of treatment on the stress-m(:luced systolic
blood pressure changes. However, estradiol treatment

%00

Free Fatty Acids umol/L

00

) 418 30 min

end of atress
Figure 3. Mean (£ SD) serum free fatty acid levels evaluated at
baseline, at the end of mental stress, and at the end of the recov-
ery period after 3.week treatment with placebo (open square} or
estradiol (filled circle).
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igure 4.

- stolic blood pressure (below) before, during, and after men-
diastol fier 3-week treatment with placebo (open square) or
tat stress aﬁlled circle). Repeated measure analysis of variance
estradiol ( ficant (P <0.05) difference between treatments

vealed a sigh!
- the diastolic blood pressure response.
n

the effects of stresson diastolic blood pressure P
<0.05). Mean diastolic blood pressure was significantly
o <ed from baseline during placebo treatment (peak
mcreasfgo + 6 mm Hg vs basal levels of 78 = 15 mm Hg,
levels 802) put not during estrogen treatment (peak lev-
I:ls<00f.84 :'5 nm Hg vs basal levels of 80 * 8 mmn Hg. P =

0.64).
Subject

blunted

s had similar mean RR intervals, standard devi-
tion of all mean RR intervals, and low-frequency and
a.lon( uency bandwidths during the two treatments
h,lrgtl\)—l r)ec}[v‘ean RR intervals decreased significantly during
(Table 'S challenge during both treatments; the decre-
the stres somewhat less pronounced during estradiol
ment wai put the difference between treatments was not
nea.m'\ennv signiﬁcam (P = 0.51). In response to stress,
stansncas i significant decrease in the standard deviation
tl}:rﬁ xagan RRintervals values (P <0.01) during placebo
° 1. but not during estrogen treatment (P =023,
P <005 ,for the comparison of placebc.) and es'tradio)
"eatmcms)‘We observed a stress-related increase inlow-
pandwidths during both treatments; there
fmquemyffccts of treatment on stress-induced high-fre-
were nobe ndwidths. The ratio of low-frequency to high-
quency abandwidths increased after the stress challenge
geq.ucn\jz’“h treatments but were significantly lower dur-
g enpradioltreatment (P <0.05).

treatmen

CONCLUSION

We found that transdermal administrath?n of 1.7.bm-
diol reduced the effects of mental ar.nhmeuc stress

e a epinephrine levels and diastolic, but not sys-

?;isla;;god pressure in postmenopausal women. These
)
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Table. Indexes of Heart Rate and Heart Rate Variability before, during, and after Mental Stress after 3-Week Treatment with Either

b

.I('_\ Placebo 17-beta-Estradiol

'( Measurement Baseline Stress Recovery Baseline Stress Recovery

)}‘; Mean * SD

3 .

B Mean of all RR intervals (msec) 828 + 39 776 * 42 816 * 56 824 * 35 777 * 37 831 £ 51

:, Standard deviation of all mean 5% * 11 47 7 50*9 54 * 5 47 £ 12 52 %23

'}?5' RR intervals (msec)

(}‘3 Low-frequency bandwidth 494 * 172 1.562 * 1,046 699 + 269 543 * 154 756 x 152 551 * 230

i, (msec?)

:‘ High-ftequ:ncy bandwidth 327 £133 309 = 200 310 = 120 320 = 157 238 121 276 * 188

. (msec?) .
Low-frequency/high-frequency 1.9+ 0.6 5923 27 * 14 211 37 * 14" 24 x09

ratio

“P <0.05 versus placebo, by analysis of variance.

effects were accompanied by a decrease in the responses
4 of some measures of stress-induced cardiac sympathetic
i1 tone. The blunting effects of estrogen administration are
unlikely to be the result of 2 learning effect on mental
._ét’ress, given that we used a double-blind, crossover de-
{8ign, Moreover, the Spielberg State Anxiety scores and the
egree of difficulty of the mental stress were similar dur-
B the two testing sessions. Thus, it seems unlikely that
e reduced sympathoadrenal response to stress that we
bserved during the estradiol treatment was primarily the
Fesult of the stress being perceived as less severe.
Although estradiol had a moderate effect in reducing
Y'l'_'t}ss-induced plasma epinephrine levels, it did not have
jigniﬁcam effect on norepinephrine levels. However,
brepinephrine levels were not significantly increased
Quring mental stress with either treatment. These obser-
’, t;‘p_m agree with previous findings that there is less ac-
dtion of the sympathetic nervous system (ie, norepi-
iephrine levels) than of the adrenal medulla (ie, epineph-
¢ levels) during mental stress (30,31). In our study,
ubjects were tested at the end of 3 weeks of 17-beta-
tradiol administration. Estrogens rapidly and directly
',ibit catecholamine secretion from the adrenal me-
“a, likely through a nongenomic mechanism (32).
s, we believe that 3 weeks of estradiol administration
WWAS sufficient to detect any effects of treatment on stress-
Uced adrenomedullary activity.
We did not find any significant effects of estrogen ad-
istration on stress-induced heart rate, as measured by
(i%an RR intervals, However, when the heart rate vari-
(bqll‘y was evaluated in the time domain, estradiol
}‘ln_ted the stress-related decrease in the standard devia-
an ©of all mean RR intervals. Similarly, estradiol reduced
€ Fesponse of the low-frequency/high-frequency ratio
ITess, primarily because of a decrease in the values of
low—frequenq’ bandwidth. The changes are directly
ted 10 the cardiac sympathetic tone, both in basal con-

ditions and during psychologic stress (33,34). Our re-
sults, therefore, suggest that a decrease in the stress-in-
duced cardiac sympathetic activity occurs during 17-
beta-estradiol supplementation in
women.

Recently, Komesaroff et al (35) reported a reduction in
the blood pressure and catecholamine responses to men-
tal stress during oral estrogen administration in peri-
menopausal women. We could only partially confirm
those results, as we found that estradiol had a less potent
blunting effect on the overall sympathoadrenal response
to stress. Therefore, we hypothesize that a reduction in
the sensitivity of the sympathoadrenal system to estrogen
occurs during the transition from perimenopause to
overt postmenopausal status. We studied postmeno-
pausal women who had no or minor vasomotor symp-
toms, to avoid the potential bias of an estrogen-related
relief in those symptoms. This may have led to a less se-
vere perception of the stress stimulus during estrogen
treatment. However, in the study by Komesaroff et al,
estrogen administration resulted in circulating estradiol
levels greater than those that occur during the standard
transdermal estrogen administration, as in our study.
Therefore, the more complete blunting effect ﬂestrogen
on mental stress—-induced sympathoadrenal activity in
the previous study could have been the result of greater
circulating estrogen levels.

In agreement with a previous report (36), we did not
find any stress-related changes in either blood glucose or
insulin levels, but we did observe similar, statistically sig-
nificant mental stress—induced increases in serum levels
of free fatty acids during both placebo and estradiol treat-
ment. Mental stress causes an increase in catecholamine-
mediated lipolytic activity through an activation of beta-
adrenoreceptors (37}, and estradiol decreases the stress-
induced activation of lipolysis in men (4). Data from
experimental animals show that estrogens blunt the beta-

postmenopausal
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adrenoreceptor respanse to catecholamine stimulation 16.
(10). Thus, postrenopausal estrogen supplementation
might be expected to reduce the effects of mental stress-
induced sympathoadrenal activation on lipolysis; how-
ever, our results did not confirm this hypothesis.

In conclusion, we found that transdermal 17-beta-es- 18,
tradiol administration, at a dose of 50 ug per day, mod-
erately, but significantly, reduces the response to mental
stress, as measured by plasma epinephrine levels, dia-
stolic blood pressure, and the overall cardiac sympathetic
tone, in postmenopausal women. Studies are needed to 20
determine the influence of estrogens, either alone or in
combination with progestins, on sympathoadrenal func-
tion in basal conditions, during daily activities, and after
cballenges with several types of psychologic tests.

3
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An Intensive Communication Intervention
for the Critically 111

Craig M. Lilly, MD, Dawn L. De Meo, MD, Larry A. Sonna, MD, PhD, Kathleen |. Haley, MD,
Anthony F. Massaro, MD, Robert F. Wallace, MPH, Sean Cody, RN, MSN, MBA

PURPOSE: We sought to determine the effects of a communi-
cation process that was designed to encourage Lhe use of ad-
vanced supportive technology when it is of benefit, but 1o limit
its burdens when it is ineffective. We compared usual care with
a proactive, multidisciplinary method of contmunicating that
prospectively identified for patients and families the criteria that
would determine whether a care plan was effective at meeting
the goals of the patient. This process allowed caregivers to be
inforimed of patient preferences about continued advanced sup-
portive technology when its continuation would result in a
compromised functional outcome or death.

MATERIALS AND METHODS: We performed a before-and-
after study in 530 adult medical patients who were consecutively
admitted to a university tertiary care hospital for intensive care.
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=

care admission. Patients, families, and the critical care team
discussed the care plan and the patients’ goals and expectations
! for the outcome of critical care. Clinical “milestones” indicative
,6f recovery were identified with time frames for their occur-
fence. Follow-up meetings were held to discuss palliative care
i~ options when continued advanced supportive technology was
b ‘ not achieving the patient’s goals. We measured length of stay,

mortality, and provider team and family consensus in 134 pa-
ticnts before the intensive eommunication intervention and in
396 patients after the intervention.

RESULTS: Intensive communication significantly reduced the
median length of stay from 4 days (interquartile range, 2 to 11
days) to 3 days (2 to 6 days, P = 0.0} by survival analysis). This
reduction remained significant after adjustment for acute phys-
iology and chronic health evaluation (APACHE} 3 score [risk
ratio (RR) = 0.81; 95% confidence interval (CI), 0.66 to 0.99;
P = 0.04). Subgroup analysis revealed that this reduction oc-
curred in our target group, paticats with acuity scores in the
highest quartite who died (RR = 0.60; 95% C1,0.38t0 0.92; P =
0.02). The intervention, which allowed dying patients earlier
access to palliative care, was not associated with increased mor-
tality.

CONCLUSIONS: Intensive communication was associated
with a reduction in critical care use by patients who died. Our
multidisciplinary proeess targeted advanced supportive lech-
nology to patients who survived and allowed the earlier with-
drawal of advanced supportive technology when it was ineffec-
.(ive.l Am ] Med. 2000;109:469-475. ©2000 by Excerpta Med-
ica, Inc.

s much as 1% of the gross national product in the
United States is used to provide care for critically
ill adults (1). Access to critical care is valued not

o not survive (2). The wider respect for patient auton-
omy and the advent of advance directives have allowed
some dying patients to receive palliative, rather than ag-
¢ essive, critical care (3). Despite the alternatives, many
S ?atients choose aggressive care, and 2% to 40% do not
survive (4). Access to palliative care is often delayed for
dying, critically ill patients (5,6), because it is difficult for
providers to articulate, and for patients and families to
ficcept, that advanced supportive technology has been in-
effective or will not result in a functional outcome that is
‘ Iacceptable to the patient. The optimal timing of the tran-

2 F.rum the Combined Program in Pul y and Critical Care Medi-
tine, Department of Medicine, Brigham and Women’s Hospital and
Harvard Medical School, Boston, Massachusetts; and US Army Re-
3earch Institute of Environmental Medicine, Natick, Massachusetts,
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Reguests for reprints should be addressed to Craig M. Lilly, MD,
Respiratory Division, Brigham and Women's Hospital, 75 Francis
?tre:t, Boston, Massachusetts 02115.
Manuscript submitted November 22, 1999, and accepted in reviscd
form June 5, 2000.

' ©2000 by Excerpta Medica, Inc.

All rights reserved.

sition to palliative care affects patient comfort and critical
care use.

Dying patients consume a disproportionate amount of
intensive care resources. In one study, high-use patients
who died comprised 13% of intensive care unit (ICU)
patients, yet consumed 32% of the resources (7). In our
medical ICU in 1996, more than 50% of patient-days
were spent providing advanced supportive technology
for patients who did not survive. More important, be-
cause the support of critically ill patients is accompanied
by substantial discomfort and deprivation, it is not hu-
mane to continue burdensome technologsdwhen there is
no reasonable hope that it will be effective. The intravas-
cular lines, support tubes, and restraints used in this pro-
cessare inherently uncomfortable and are associated with
reduced mobility, autonomy, and ability to communi-
cate. When advanced supportive care is associated with
healing and the return of function, these discomforts are
almost universally acceptable, but they are difficult to jus-
tify for patients who die. For this reason, as many as 75%
of hospitals now work with patients and their families to
withdraw advanced supportive technology when it is not
thought to be of benefit (4,8-12).

Like others (13,14), we believe that improved commu-
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(235) Mediterranean and Low-Fat Diets Improve Endothelial Function in
[ 263 Hypercholesterolemic Men

Francisco Fuentes, MD, PhD; José Lopez-Miranda, MD, PhD; Ellas Sdnchez, MD, PhD; Francisco Sdnchez, MD, PhD; José Paex, MD;
Eler Paz-Rojas, BSc; Carmen Marin, PhD; Putlficacién Gémez, BSc; José Jimenez-Perepérez, MD, PhD; losé M. Ordovids, MD, PhD; and

Francisco Pérez-Jiménez, MD, PhD

Background: The regulatory function of the endothelium is al-
tered in hypercholesterolemla, and the sub dothellal

were assigned In a crossover' deslgn to the NCEP-1 diet or a

dysfunction plays a central role In the development of atheroscle-
rosis.

Objective: To determine whether hellal function In hyper-
cholesterolemic patients Is affected by replacing a saturated fat-
enriched diet with a low-fat. low-saturated fat diet (the U.S.
National Cholesterol Education Program stage 1 [NCEP-1] diet) or
a diet rich In monounsaturated fat (such as that common in
Mediterranean countrles).

Design: Intervention dletary study with a baseline phase and two
randomized crossover dietary periods.

Sct(ing: Hospital Universitario Relna Sofia, Cordoba, Spain,
Patients: 22 hypercholesterolemic men.

Intervention: Patlents followed a dlet high in d fat, then

Medi dlet. Each dietary period lasted 28 days.

Measurements: Plasma P-selectin levels, lipid
and endothellal function.

Results: Compared with the saturated fat diet, fi dlated
dilatation increased during the Mediterranean diet but not during
the NCEP-1 dlet tn lddl!lon, fevels of plasma cholesterol, low-
density |i hol apollpop B, and P-selectin
decreued duﬂng the NCEP-1 lnd Meditermanean diets.

Conclusion: In hypercholesterolemlc men, dists low In fat
(especlally saturated fat) and diets rich In monounsaturated fats
Improve endothellal function.

Ann Intem Med, 2001;134:1118-1119, wowannah.org
For author alfilations, current addresses, and contributions, see end of text

he endochelium helps regulate vascular tone through

the release of vasodilator and vasoconstrictor sub-
stances (1), but this regulatory function is altered in
hypercholesterolemia (2). Endothelial dysfunction plays
a central role in the development of atherosclerosis (3).

Diet is the cornerstone of hypercholesterolemia
treatment. Studies in animals have shown that dietary
therapies restore endothelium-dependent vasodilatation
to normal (4). However, the informarion available in
humans is scarce and was obrained mainly in studies of
diets rich in polyunsaturated n-3 faty acids (5). The
U.S. Natdional Cholestero! Bducation Program (NCEP)
recommends a low-fat, low—saturated fac diet for the
primary prevenrion of atherosclerosis (6); this diet is
referred to as the stage 1 diet (NCEP-1). In addition, a
diet high in monounsaturated fat, which is a common
diet in Mediterranean countries, has been related to de-
creased risk for coronary heart disease (7), and the Lyon
Diet Heart Study found that a Mediterranean diec rich
in linolenic acid reduced cardiovascular events (8). Ac
present, the effect of these diets on endothelial function
in humans is unknown. Our aim was to investigate en-

www.annals.org

dothelial function after substituting each of these poten-
tially cardioprotective diets for a saturated far~enriched
diet in hypercholesterolemic patients.

MeTHODS
Patlents

Twenty-two white hypercholesterolemic men  at-
tending the Lipid Clinic at the Reina Sofa Universiry
Hospital in Cérdoba, Spain, volunteered to participate
in the study. All parients were 18 o 65 years of age
(mean [* SD}, 40.5 * 14.7 years) and had plasma cho-
lesterol concentrations greater than 5.2 mmol/L (200
mg/dL). None had chronic illness, were extremely phys-
ically active, or had any known secondary cause of
hypercholesterolemia. Padents were excluded if they
had a family history of premature coronary heart disease
or if they had taken vitamin supplements or medication
known to affect plasma lipid levels in the 6 months
before the study. Patients were encouraged to maintain
their regular lifestyles and regular levels of physical
activigy.
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Interventlon

The study design included an initial 28-day period
during which all patients consumed a diet high in satu-
rated fag, with 15% protein, 47% carbohydrates, and
38% fat (20% saturaced far, 12% monounsaturated fat,
and 6% polyunsaturared far) constituting energy intake.
Following this period, two groups of 10 and 12 patients
cach were randomly assigned in a crossover design to

two diets for two 28-day periods: the NCEP-1 dier and

a___d_.ls I'ug_l]_ rated fat (a cypical Mediter-
ranean diet ve oil). Group 1 was placcd

on_the Mediterranean diet_ followed b_L[hc NCEP-1

dxc(. while the order of the diets for | paucn[s in group 1p 2
was reversed. The NCEP-1 diet consisted of 57% car-
bohydrates and 28% fat (<10% satrated far, 12%
monounsaturated fat, and 6% polyunsaturated far). The
Mediterranean diet consisted of 47% carbohydraces and
389 far (<<10% saturated far, 22% monounsaturated
far, and 6% polyunsacurated far). Olive oil provided
75% of the rotal monounsaturated fat consumed during
the Mediterranean diet. Dietary cholesterol was main-
tained at a constant level (3 mmol/4800 kJ) during che
three periods. We did not include washout periods be-
oween the three stages of dietary intervention because
washout is unnecessary when dietary intecvention lasts
longer than 3 weeks (9). The Human Investigation Re-
view Committee at Reina Sofla Universicy Hospita! ap-
proved the study, and informed consent was obtained
from all patients.

The experimental diets followed the U.S. Deparnt-
ment of Agriculrure food cables and Spanish food com-
position tables. Twenty menus were prepared with com-
mon food items and were rotated during the
experimental period. Dieraty adherence was determined
by measuring faty acid enrichment of low-density
lipoprotein (LDL) cholesterol esters at the end of each
diet, since changes in dietary fatry acids induce a parallel
change in the composition of LDL cholesterol esters.

Blood Sampling and Blochemlical Determinations

At the end of each diet, after a 12-hour overnight
fast, venous blood samples were collected in tubes con-
tining EDTA (1 g/L). Cholesterol and triglycerides
were assayed by using enzymatic procedures. High-
density lipoprotein cholesrerol level was measured after
precipitation of apolipoprotein B—containing lipopro-

nulw June Zbol[AnnaIs of Internal Medicine| Volume 134 « Number 12
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teins with phosphowolframic acid. Low-density lipopro-
tein cholesrerol level was calculated by using che Friede-
wald formula, Apolipoprorein A-l and apolipoprotein B
concentrations were deterinined by using turbidimetry.
Plasma levels of cell adhesion molecules (vascular cell
adhesion molecule-1 [VCAM-1] and intercellular cell
adhesion molecule-1 [[CAM-1]) and P-selectin were de-
termined by using enzyme-linked immunosorbent assay.

Endothelal Function

A noninvasive method described by Celermajer and
colleagues (10) was used to evaluate endothelial func-
tion. This technique uses postischemic vasodilatacion,
causing enhanced flow in the proximal brachial arcery
and shear stress-induced vasodilatation considered endo-
thelium dependent. The diameter of the right brachial ar-
tery was measured at the end of cach dictary period by
using two-dimensional ultrasonography images, with a
7-MHz linear array transducer and a standard 128XP/10
system (Acuson Corp., Mountain View, California). Scans
were taken ac rest, during reactive hyperemia (endotheli-
um-dependent vasodilatation), again at resc (10 minutes),
and after 400 ug of sublingual glycery! crinitrate. Two in-
dependent observers who were unaware of clinical details
and the stage of the experiment measured vessel diameter.
The resistance index was also measured by each observer.

Statlstical Analysls

The sample size calculations indicated that a mini-
mum of 15 parients was required per group (based ou a
minimal expec hial artery diame-
3 mm, an a value
of 0.025,a power of 8.90, and a 10% estimated loss to
follow-up). For each dier, we used analysis of variance
for_repeated mcaslu‘cs to test for dietary effecs on
plasma lipid lcvgls a_l “endothelial funcuon When sig-
nihcant effects were detected (P < 0.05), the Bonferroni
test was used for a post hoc comparison. For example,
to determine whether consumption of the rhree diets
modified levels of LDL cholesterol, we initially used the
analysis of variance test, which indicated rhar the diews
differ (P < 0.001). Subsequently, we performed a post
hoc test using the Hochberg modification of the Bon-
ferroni procedure (11) to establish in which pair of diets
differences were produced, tking into consideration
thar each independenc variable had three possible paired
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Table 1. Flow-Assoclated Vasodllatation (Endothellum-Dependent); Glyceryl Trinltrate~Induced Vasodllatation
(Endothellum-Independent); and Plasma Levels of Soluble Intercellular Cell Adhesion Molecule-1, Vascular Cell
Adhesion Molecule-1, and P-Selectin at the End of £ach Dletary Period*®

BrIEF COMMUNICATION | Diet and Endothelial Function in Hypercholesterolemic Men

Vartable Saturated Fat Dlst Mediterranean Dlet NCEP-1 Diat P Vahut
Basellne vessel size, mm 4.14 x 0.12 4.06 * 0.09 404 x 0.1 0.182
Flow-associated vasodilatation, mm 0.41 £ 0.05 0.54 £ 0.04% 045 x 0.03 0.04
Glyceryl tinitrate-induced vasodilatation, mm 0.58 x 0.06 0.48 * 0.05 0.49 x 0.04 »02
Flow-associated vasodilatation, % 99x08 135 09 11111 0,05
Clyceryl trinitrate-induced vasodilatation, % 131216 M3x13 11511 »>02
Flow-aisoclated vasodilatation resistance index 0.944 + 0.021 0.880 = 0.017% 0.907 * 0.023% 0.002
Glycery! trinitrate-induced vasodilatation resistance index 0.992 x 0.025 0.921 % 0.027#% 0916 * 0.022¢% 0.001
VCAM-1 level, ng/mL 402 * 22 400 x 20 39520 »02
ICAM-1 level, ng/mL 521 x41 505=%38 505x 39 >0.2
P-Selectin level, ng/mi 76.1 6.2 574 x 413 63.1 56 0.001

* Value wie expravsed w the mean % SD. ICAM-1 = intercciiutar cell sdhrion molecule-1; NCEP-1 = National Cholarerol Educarion Program, sape 1; VCAM-} =

vascular cell adhesion molecule-1.
+ Repeated-mearures analysis of variance.
$P < 0.05 compared with the mrurated it diet.

comparisons. Triglyceride values were logarithmically
transformed to achieve an approximately normat distri-
bution, and statistical tests were performed on the crans-
formed values.

Role of the Funding Sources

The funding sources had no role in the collection,
analysis, or interpretation of the data or in the decision
to submit the paper for publication.

ResuLTs

Adherence to the dicts was excellent, as suggested by
the absence of significant events recorded in the partic-
ipants’ diaries and the composition of plasma cholesteryl
esters found in LDL cholesterol. Compared with the
NCEP-1 diet, palmitic acid increased significancly dur-
ing the saturated fac diet (P = 0.01) and oleic acid levels
increased significantly during che Mediterranean diet
(P = 0.02).

end of each dictary period, measurement of

lochelial function showed na significanc differences in
the basal diamerers of che brachial artery (Table 1) orin
the glyceryl trinitrate—induced vasodilaracion. Flow-
associated vasodilatation of the brachial artery was sig-
nificantly higher after che Mediterranean diec (P=
0.027) than after che saturated far diet (13.5% vs.
9.9%). However, we did not observe significanc differ-
ences in Row-associated vasodilatation berween the sat-
urated fat diet and the NCEP-1 dier (9.9% vs. 11.1%).

The resistance index was higher afrer Row-associated

www.annals.org

vasodilatation (the endothelium-dependent value) (P =
0.003) and after glyceryl trinicrate—induced vasodilaca-
tion (P = 0.002) during the saturated fat diet than
during the Medirerranean diet or the NCEP-1 diet
(P = 0.008). P-Selectin levels were lower during the
Mediterranean diet and the NCEP-1 diec (P = 0.003
and P = 0.068, respectively) than during the saturated
fac diet. We did not find significant differences in plasma
concentrations of VCAM-1 and 1CAM-1 among the
three diets.

Compared with the saturated fac diet (Table 2), the
NCEP-1 and Mediterranean diecs were associated with a
decrease in plasma cholesterol level (P = 0.001), LDL
cholesterol level (P < 0.001), and apolipoprotein B level
(P=10.002) but did not significandy change high-
densicy lipoprotein cholesterol, apolipoprotein A-I, or
iglyceride levels. In addition, we found a negative
correlation berween LDIL cholesterol levels and fAow-
associated  vasodilatation (r= —0.23; P = 0.036).
Changes in LDL cholesterol levels were positively cor-
refated with P-selectin levels (r = 0.275; P = 0.030),
while Aow-associated vasodilatation was negatively cor-
relaced with P-selectin levels (r = — 0.372; P = 0.018).

DiscussioN

In our study, replacemene of a saturated fac—
enriched diet by a monounsaturated fat-enriched diet
and an NCEP-1 diet increased endothelium-dependent
vasodilatation. The increase in flow-associated vasodila-
tation observed with the consumption of a diet high in
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tradomerde
Table 2. Plasma(Llpl;>nd Apolipoprotelr(Concentratlon t the End of EJ(h Dietary Perlod*
A7 v

Varlable Saturated Fat Diet Mediterranean Dlet NCEP-1 Diet P Valuet
Total cholestero! level, mmol/L {mg/dt) 65 % 1.5(251 1 59) 6.0+ 1.3(232 = 50) 59 1.3(228 * 50} 0.001
Triglyceride level, mmol/L (mg/dL) 1.9 08168 71) 2.0z 05(177 £ 44) 2.1 £ 0.4 (186 x 35) >0.2
LDL cholesteral level, mmol/t (mg/dt} 442140170 % 54) 3.8 % 1.2(147 = 46) 3.7 £1.2(143 £ 46) «0.001
HDL cholesterol level, mmal/L (mg/dt) 12202046 x727) 1.2+ 02(45 x 7.2} 120244273 >02
Apolipoprotein A-f level, g/t 1.47 x0.17 142z 0497 140 %017 0.062
Apolipoprotein B level, g/t 1.21 024 1.16 £ 0.24 1.14 £ 0.20 0.002
LDL-HDL ratio 352132 324118 3.08 x1.02 <0.001

* Valus are espreused as the man % SD. HDL = high-density lipoprotein; LDL = low-densicy lipoprotein; NCEP-1 = National Cholesterol Education Program, stage 1.,

+ Repeated-measures analysis of variance.

monounsaturated far suggests that this diet improves
endothelial function. Our patients had primary hyper-
cholesterolemia. In hypercholesterolemic persons, the
response of endothelium-dependent vasodilatacion is al-
tered, even in the absence of atherosclerotic lesions (12).
Such alteration is reversible after treatmenc with lipid-
lowering drugs (13). Qur findings support this hypoch-
esis, since we observed a correlation between a decrease
in LDL cholestetol levels produced by dietary interven-
tion and flow-assoctated vasodilatation. The mechanisms
responsible for endothelial dysfunction in hypercholes-
terolemia are not completely understood but may be
explained by decreased bioavailabilicy of nitric oxide be-
cause of decreased production by endothelial cells or
increased degradation by oxygen-derived free radicals
(14). Our study was limited, however, because we inten-
tionally included only men to exclude the effect of hos-
monal status in women.

In recent years, it has been demonstrated that di-
ctary fac may affect the endothelium (5, 6) and factors
related to the arterial wall, such as ype 1 plasminogen
activator inhibitor and von Willebrand facror (15). It
has also been shown thar the incubation of human en-
dothelial cells with oleate and docosahexanoic acid (16)
reduces the expression of adhesion molecules and mono-
cyte adhesion (17). In addition, the antioxidant-rich
foods of a Mediterranean diet benefic postprandial en-
dothelial function after a fac-tich meal (18). Our data
also support the notion that diet influences endothelial
cells, improving vasomotor function and decreasing
plasma levels of P-selectin by decreasing levels of LDL
cholesteral (19). Previous studies have shown that endo-
thelial dysfunction precedes atherosclerosis and is prob-
ably importanc in its pachogenesis (20). If acherosclerosis
is part of a continuous spectrum from normal endothe-
lial function to overt atherosclerosis, it may be possible

11 lll 19 June 2001 l/\nn-ln of Internal Madicine| Vohume 134 = Nimber 12

to correct endothelial dysfunction, a useful early func-
tional expression of the disease process, by prescribing a
lipid-lowering dict, as we observed. The beneficial ef-
fects of dietary intervention are not limited solely to its
action on plasma lipid levels buc may also influence
other pathogenic mechanisms, opening up new perspec-
tives for its protective effect on atherosclerosis.
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irEtfect of temazepam on |
| ventilatory response at
‘moderate altitude |

Eprror—Dubowitz’s study of the effect of
temazepam on oxygen saturation at high
altitude found that benzodiazepines do not
have a depressant effect' He explains the
discrepancy between his findings and those
of previous studies by the fact that other
studies have investigated the effect of
long acting benzodiazepines.” Dubowitz’s
probands were investigated after altitude
acclimatisation while walking to Everest base
camp, whereas climbers in Europe mainly
engage in short periods of mountaineering.
We therefore evaluated the effect of 10 mg
temazepam On respiration in  non-
acclimatised Alpine climbers at moderate
altitude.

We performed a randomised, double
blind, placebo controlled, crossover trial in
seven healthy men aged 21 to 27. Partici-
pants at 171 m altitude were randomised to
receive either 10 mg temazepam or placebo.
Three days later the men were given the
same medication and taken by cable car to
3000 m. The procedure was repeated after
one week, with the men crossed to the other
arm of the study. Arterial blood samples
were obtained from the ear lobe before and
one hour after temazepam or placebo was
taken.' Arterial oxygen partial pressure and
carbon_dioxide partial pressure were ana-
lysed on an IL. Synthesis 25 blood gas
analyser  (Instrumentation  Laboratory,
Milan, Italy). Differences in blood gas
concentrations before and after temazepam
or placebo at each altitude were analysed by
paired ¢ tests.

The table shows the results of blood
gas analysis before and after temazepam.
At 171 m blood gas concentrations did
not. change significantly after temazepam.
At 3000 m the arterial oxygen pressure
decreased and carbon dioxide pressure
increased significantly after temazepam.
The mean decrease in arterial oxygen
concentration between aldtudes was 0.77
(95% confidence interval —8.02 to - 3.69)
kPa (P<0.01) and the mean increase In
arterial carbon dioxide concentration was
0.3 (0.46 t0 4.11) kPa (P <0.05). Placebo did
not affect blood gas concentrations at either
altitude.

Although we did not measure respira-
tion directly, our data indicate that a low
dose of a short term benzodiazepine can
impair respiration at moderate altitude.
These findings seem to contradict Dubow-
itz's conclusion. Treatment with temazepam
at stable conditions after altitude acclimati-
sation may not impair respiration, but initial
stages of acute respiratory adaptation to
hypoxia at altitude are inhibited. Similar
results were féund after 50 g alcohol at
moderate altitude’ Caution in the use of
benzodiazepines to treat sleep disorders at
altitude is therefore necessary, especially in
the initial stages of altitude acclimatisation.
Georg Roggla head of department
interne@khneunkirchen.at

Berthold Moser student

Department of Internal Medicine, Municipal
Hospital of Neunkirchen, Neunkirchen, Austria
Martin Roggla lecturer
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Vienna, Austria
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Guidelines are needed if drug
testing of those arrested by the
police becomes compulsory

Epitor—The prime minister's announce-
ment at the last Labour Party conference that
the government proposes to introduce
compulsory drug and DNA testing for
people arrested for indictable offences before
they have been convicted will raise some
important ethical issues for healthcare pro-
fessionals if it does eventually become law.’ As
pointed out in the Economist? the upshot of
compulsory DNA testing might be that every
alleged shoplifter could be held down forcibly
while a mouth swab is taken.? Collecting sweat
for a drug test by wiping the forehead of a
restrained and resisting subject with a swab
would be no more dignified.

Arterial oxygen (Pao,) and carbon dioxide (Paco,) concentrations (kPa) of seven men before and one

hour atter 10 mg temazepam/ét 171 and 3000 m

Pao, Paco, R
Tim 3000 m Tim 3000 m
Case No Before After Betore After Before After Before After
1 122 12.2 9.3 86 45 43 43 44
2 1.2 116 86 8.4 47 49 44 47
3 121 12 8.9 8.2 44 45 a4 a7
L A T Y TY 48 TTao 43
5 109 1 C8s 81 47 44 a4l a4
5 125 122 91 81 45 48 44 S 47
7 12 122 94 84 44 45 a0 as
Mean (SD) 117(0.63) 118 (0.48)  9(0.29) B83(02)  334(14) 346(18)  42(0.19) 45(02)
BM] VOLUME 320 FJANUARY 2000 wwaw bij.eom
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Context Numerous studies have demonstrated that hearing aids provide significant
b_eneflt fO[ a wide range of sensorineural hearing loss, but no carefully controlled, myt.
ticenter clinical trials comparing hearing aid efficacy have been conducted.

Objective To compare the benefits provided to patients with sensorineural hearin
toss by 3 commonly used hearing aid circuits. §

Deslign Double-blind, 3-period, 3-treatment crossover trial conducted frol
to February 1998. ey 1558

Setting FEight audiology laboratories at Department of Veterans Affairs medical cen-
ters across the United States.

Patients A sample of 360 patients with bilateral sensorineural hearing loss (mean
age, 67.2 years; 57 % male; 78.6% white).

Ipterventlon Patients were randomly assigned to 1 of 6 sequences of linear peak
clipper (PC), compression limiter (CL), and wide dynamic range compressor (WDRC)
hearing aid circuits. All patients wore each of the 3 hearing aids, which were installed
in identical casements, for 3 months.

Main Outcome Measures Results of tests of speech recognition, sound quality
.and subjective (hearing ald benefit, administered at baseline and after each 3-month
intervention with and without a hearing aid. At the end of the experiment, patients

ranked the 3 hearing aid circuits.

Stephen A. Fausti, PhD
Bruee Z. Rappaport, PhD

for the Participants of the NIDCD/VA
Hearing Aid Clinical Trial Group

ENSORINEURAL HEARING LOSS 15

one of the most prevalen: dis-

abling conditions reported in the

United States, affecting some 20

million te 26 million people.'”> Hearing

loss is present in 35% to 42% of indi-

viduals older than 65 years.*® {tadversely

affects physical, cognitive, behavioral, and

social function, as well as the general

quality of life,” and has been linked to
depression and dementia.*'°

While hearing aids are the main form

of treatment, only about 20% of those

1806 JAMA, Octaber 11, 2000—Vol 284, No. 14

Each circuit markedly improved speech recognition, with greater improve-
ment observed for soft and conversationally loud speech (all 52-dB and 62-dB con-
ditions, P=.001). All 3 circuits significantly reduced the frequency of problems
encountered in verbal communication. Some test results suggested that CL and
WDRC circuits provided a significantly better listening experience than PC circuits in
word recognition (P = .002), loudness (P = .003), overall liking (P = .001), aversive-
ness of environmental sounds (P = .02), and distortion (P = .02). In the rank-order
ratings, patients preferred the CL hearing aid circuits more frequently (41.6%) than
the WDRC (29.8%) and the PC (28.6%) (P=.001 for CL vs both WDRC and PQ).

ancluslons Each dircuit provided significant benefit in quiet and noisy listening situ-
ations. The CL and WDRC circuits appeared to provide superior benefits compared
with the PC, although the differences between them were much less than the differ-
ences between the aided vs unaided conditions.

JAMA. 2000;284:1806-1813 www,jama,com

who could benefit from hearing aids wear
them.?*!! Moreover, surveys have sug-
gested that about 50% of hearing aid us-
ers are dissatisfied with their instru-
ments.!? A recent survey, however,

Author Alfillations and a complets lisl of the mem-
bers of the NIDCD/VA Hearing Ald Clinical Tria! group
are listed at the end of this article.
C ponding Author and Reprints: Vernon D.
Larson, PhD, Howard Leight tndustries, 7828
Waterville Rd, San Diego, CA 92154 (e-mail:
viarson@howardleight.com).

ed that because of finproved tech-
B¢, approximately 65% of hearing
$liers are satisfied with their de-

i
vst array of hearing aid technolo-
available, ranging from simple and
{ yely inexpensive analog circuits to
4 lex and expensive digital devices
q‘pquire sophisticated fitting proce-
. Whereas numerous studies have

nstrated that hearing aids provide
ificant benefit compared with un-

il carefully controlled, multicenter
kichl wials of the relative benefit pro-
j by different types of hearing aids
¥ not been conducted. Laboratory
fdies and small-scale field studies have
i designed in ways that make them
é\xh to compare and have failed to
consistent superioricy for any type
| processing.'s'?
pices among available hearing aids
e made without the benefit of data
well-designed clinical trials. This re-
'wresents the results of a double-
i, multicenter clinical trial to com-
% the efficacy of 3 different hearing aid
its. Efficacy was measured in a va-
of listening situations using tests of
h understanding, sound quality,
tient rank-order ratings, The 3
atd circuits jointly account for
the US hearing aid market.
clinical trial compared 3 com-
yused hearing aid circuits: the lin-
k clipper (PC), the compression
er (CL), and the wide dynamic range
fipressor (WDRC). The PC and CL
jits amplify input sounds linearly up
redetermined level (usually set rela-
Hive [0 loudness discomlort levels). Above
Jevel, the output is limited using 2
Herent electronic methods. FIGURE 1
ikrrates the major difference among the
bircuits. For the PC, as the input sig-
] evel increases by 10 dB, so does the
Uiput level up 1o its maximum output
iabilities when the instrument s said
e in “saturadon.” The CL operates
pilarly in that the output increases lin-
up to a certain point. Alter that,
ever, the output is reduced by cir-
itry that automatically tums down the

gatu ol the hearing aid by u lixed ratio.
1n this instance, the output is allowed to
increase by 1 dB for each 10-dB in-
crease in the input sound level. Finally,
the WDRC behaves similarly to the CL
circuit except that the automatic gain
function begins at lower input sound lev-
els and allows, in this instance, the out-
put to increase 1 dB for each 2 dB in-
crease in input sound level up toils point
of maximum output.

The PC removes the positive and/or
negative peaks of the amplified signal,
whereas the CL uses automatic volume
control circuitry. A disadvantage of PC
circuitry is that some acoustic distor-
tion results when the output limit is ex-
ceeded.®* Far fess distortion is created
by CL circuitry.?* The WDRC circuit al-
lows input signals that vary in level over
a wide range to be amplified as a nar-
rower range of output signals,** which
is associated with the reduced dynamic
range found in the majority of sensori-
neural hearing loss. Although theoreti-
cally beneficial to listener comfort and
speech understanding, a disadvantage
of compression circuits (eg, CL and
WDRC) is that they alter the temporal
characteristics of signals in a way that can
be apparent to the listener 2%

METHODS

Yrial Design

Eight audiology laboratories located
within Department of Veterans Affairs
(VA) medical centers participated. The
experimental design was a 3-period,
3-treatment crossover design. Base-
line meastirements were made using a
battery of tests in the unaided condi-
tion (no hearing aids). Patients were
then stratified by center and random-
ized to 1 of 6 sequences of the 3 hear-
ing aid circuits. Six sequences were used
so that each hearing aid circuit had
approximately an equal nunber of pa-
tients who used the circuit first, sec-
ond, and third. Each block of 6 con-
secutive patients within each center was
balanced so that each sequence was rep-
resented once. The actual frequencies
for the 6 sequences in the trial ranged
from 59 to 61. In each of the 3 peri-
ods, the patients were fit binaurally and

Figure 1. Pecformance Charactenstics of 3
Hearing Aid Circuits
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PC indicates linear peak clipper: CL, compressian firm-
iter; and WDRC, wide dynamic range compressor

used 1 circuit (aided condition) lor 3
months. At the end of cach period, the
battery of outcome tests was repeated
in both the unaided and aided condi-
tions. The protocol was conducted in
double-blind fashion. Neither the au-
diologist who adininistered the tests nor
the patient could identify the circuit be-
ing worn because al} 3 hearing aid cir-
cuits resided in the same casement and
because a different audiologist pro-
grammed the device.

Patient Sample

The protocol was approved by the Na-
tional Institute on Deafness and Other
Communication Disorders (NI1DCD)
Hearing Aid Advisory Comumnitiee, the
Hines VA Cooperative Studies Pro-
gram Coordinating Center's Human
Rights Committee, and by the institu-
tional review board of each participat-
ing center. All patients provided in-
formed conscnt, were fluent speakers
of English, and had bilaterally sym-
metrical sensorineural fosses with no
evidence of retrocachlear pathology.
Average audiometric thresholds for 500,
1000, 2000, 3000, and 4000 Hz were
no better than 25-dB hearing level in
either ear, with no threshotd from 500
o 2000 Hz exceeding 70-dB hearing
level. FIGURE 2 shows the mean (+1 SD)
audiogram. To ensure thal the sample
included patients who were typical of
the majority of aduolt hearing aid us-
ers, monaural word recognition scores
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Figure 2. Mean Audiogram of Patient
Sample (N=360)
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Error bars for each ear indicate the range from 1 to
—1 SD; the darkes error bar on the left in each pair
corresponds to the left ear. Asterisk indicates values
based on American Nalional Standards fnstitute guide-
lines tor 1996

on arecorded version of the Central In-
stitute for the Deaf W-22 test”” were re-
quired to be at least 28%, with a differ-
ence no greater than 26% hetween ears.

Experimental Apparatus

Each participant was fit binaurally with
single channel, programmable, full-
concha in-the-car hearing aids (Dyna
P2, Phonak, Siafa, Switzerland) that
contained all 3 circuit options. The Na-
tional Institute of Standards and Tech-
nology evaluated prototypes to ensure
that characteristics of the hearing aid
conformed to the manufacturer's speci-
lications.

The 3 programmable options were
PC, CL,and WDRC. The CL had an 8:1
cnmpf«:ssmn ratio (above compres-
sion threshold, an 8-dB increase in the
input level resulied in only a 1-dB in-
crease in the output) and duration-
dependent release timne capability. The
WDRC had a fixed-compression thresh-
old (approximately 52-dB input spund
pressure level [SPL]), a compression
ratio that ranged from 1.1:1 to 2.7:1
and a short, fixed release time (50
milliseconds). The maximum output
levels of the 3 circuits were program-
mable over approximately the same
range of SPLs.

EJCC“‘OHCOUSHC measu remenlsm were
made at each visit to ensure that hear-
ing aid characteristics remained stable.
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Acoustic gain targets were established
using the NAL-R method,* and probe
microphone procedures were used to
verify that targets had been achieved.
Maximum output targets were ob-
tained using loudness discomfort lev-
els*® and were subsequently held con-
stant across visits aud circuit types.

Outcome Test Battery

All testing was carried out in audio-
mietric test rooms using identical equip-
ntent for test presentation and data col-
lection at each site. Three categories of
outcome measures were used: speech
recognition tests, category ratings of
perceived sound quality, and sell-
assessed subjective ralings of hearing
aid benefit.

Speech Recognition
Two tests of speech recognition were
used. A recorded version of a mono-
syllabic word-recognition test, the
NU-6,2 was presented using a single
loudspeaker (positioned at 0° ie, pa-
tients faced the loudspeaker) at an SPL
0f 62 dB (conversational speech level).
Each of the 4 NU-6 lists contains 50
scoreable items with each item having
avalue of 2%. At conversational speech
levels, listeners with normal hearing ob-
tain perfect monosyllabic word recog-
nition scores. The second test, a re-
corded version of the Connected Speech
Test (CST), "3 consists of 48 passages
with 8 to 10 sentences that approxi-
mate everyday, connected discourse.
Because it was unlikely that a single
laboratory condition could represent
the range of possible listening condi-
tions, we conducted this test in a vari-
ety of presentation and background-
noise levels. The CST was presented via
the loudspeaker (located at 0° azi-
muth) at a level of 74-dB SPL (loud
speech) in quiet and then again at 74
dB in 3 background noise conditions.
For SPLs of 52 dB (soft) and 62 dB (con-
versational loudness), the speech ma-
terials were presented in 3 conditions
of background noise.

The background noise used was an
uncorrelated multitalker babble,*!
which was delivered from loudspeak-

ers located at azintuths 45° lelt aud right
at nominal signal-te-babble (S/B) ra.
tios of -3 dB, 0 dB, and 3 dB. The S8
ratio refers to the relationship of the Sp.
of the speech to the SPL of the back-
ground babble. The nominal 0-dB 5/
condition was estimated during the
baseline visit prior to conducting tests
for each patient by presenting CST prac.
tice materials at 62-dB SPL in the “un-
aided” condition using a bracketing
procedure in which the binaural babble
level was varied for each subject 1o pro.
duce 50% intelligibility. (The mean
{SD] level of the babble was 55 15.4}
dB.) This relationship for each subject
was designated as the 0-dB condition,
The same S/B ratio for each subject was
used for the -3-dB and 3-dB condi.
tions, and for all tests conducted over
the 9-month protocol, the same ratios
were used. Normal listeners typically
receive perfect scores at loud and con-
versational levels in a quiet back-
ground, but their perforrance at softer
levels and in the presence of back-
ground noise varies as a function of the
difficulty of the listening situation.

Category Ratings

The Quality Rating Test, was used to
assess 3 aspects of patients’ percep-
tion of sound quality: loudness, noise
interference, and overall liking of the
listening experience. The patients rated
each dimension on a 10-point scale. On
the loudness scale, 1 was too soft; 10,
too loud; and 5, comfortably loud. For
overall liking, 1 was very poor or ter-
rible and 10 was excellent. In this task,
the patients were instructed to ignore
the loudness of the speech and con-
sider only the overall sound quality. For
noise interference, they assigned a 1 il
noisiness completely interfered with
quality and understanding ol the
speaker and 10 if noisiness did not in-
terfere. Intermediate integer ratings
could be assigned for all tests. Sen-
tences designated as practice sen-
tences of the CST*' served as the stimuli
for the Quality Rating Test. Patients
were presented 5 different sentences
and provided a rating after each pre-
sentation, which were were then aver-

The sentences were presected at
";;PL of 52dB, 62 dB,and 74 dB ina
¢t background and then in the mul-

¢ssions of the quality of hearing aid
ormance from the patients. One was
¢ Profile of Hearing Aid Performance/

ts of hearing aid performance: speech
fmunication in a variety of daily life

Ste derived from the 66 items of the in-
tory that were completed by the pa-
tin written format. The scales quan-
| (pmblems in communication in
'{ i able and unfavorable listening con-

rtion of a variety of sounds. The 7
cales include communication with
itiliar talkers, ease of communica-
it reverberation, reduced cues, back-

ﬁ}: 3 wrial periods, the patients com-
ed the PHAP/PHAB inventory in the
ided and aided conditions using a
int scale that ranged from always to
tr. The PHAP scores quantify the
& ores in terms of aided perfor—

ed scores). Hence, in the PHAP,
tés for all subscales are reported in
s of percentage of time a problem
erieniced and scores for the PHAB
reported in terms of the change in
tage of time a problem is experi-

he second subjective assessment pro-
(ire was used at the final visit only.
er having completed each of the 3
ents, the patients provided, from
fory, a rank-order rating of the 3.

m

fistical Methods

ssover design was chosen [or this
ly instead of the more traditional
idomized, parallel group design be-

cause it required fewer puients, elini-
nated between-patient varjation, and it
increased power for other objectives of
the trial (eg, to determine which pa-
tient characteristics predict success with
the different hearing aid circuits). Inad-
dition, some of the known disadvan-
tages of the crossover design (eg, large
dropout rate, instability of the pa-
tient's condition, and a large car-
ryover effect) were not expected in this
study. The 3 circuits were compared us-
ing aided scores and aided minus un-
aided scores (benefit scores) with a re-
peated measures analysis.

The sample of 360 patients pro-
vided at least 80% power to detect a
small-to-medium effect size [or the pa-
tients' rank-order rating among the 3
circuits, This sample size also pro-
vided greater than 95% power to de-
tecta 7.2% difference in the NU-6 test,
greater than 95% power to detecta 3.6%
difference in the CST, greater than 90%
power to detect a 20% difference in the
Quality Rating Test, and 90% power to
detect a 16.6% difference in the PHAB.

A mixed, repeated measures model
was used to compare the 3 hearing axd
circuits for ¢ the individual out

ables. 1f the ¢ overall lest was stansu-
cally significant, then pai
pavisons were madg between the _gr__yps
using the Bonferrom  pIC
just the & level for multiple tests. No
adjustment was mgc!g [q_rvmlllluple'oul—
comes. For this reason, P values close
to .05 should be interpreted with cau-
tion. Sample sizes reported for spe-
cific tests and conditions departed
somewhat from 360 because some pa-
tients did not complete the study, some
were unable to perform the task, or, oc-
casionally, the examiner was unable to
follow the study’s protocol.

RESULTS

Patient Sample

Four hundred forty-six patients were
screened for inclusion in the trial and
360 (80.7%) were randomized. Of the
patients who were not randomized, 15
were excluded on the basis of a single
criterion, but most failed to meet 2 or
more of the inclusion criteria. The main

FEPIFREY VIV YIERRIR Ry ARt v 1=

reasons inchuded: air conduction
thresholds exceeded 70 dB in cither car
(20); a difference in pure tonc aver-
ages between ears of more than 10 dB
(17); mean air-bone gap exceeded 5 dB
in either ear (13); or routine otascopy
did not reveal clear ear canals (13). In
7 instances, the audiologist did not {eel
that the patient was capable of perform-
ing the tasks required by the trial.

Of the 360 patients enrolled, 69.7%
were military veterans. The mcan age
of the group was 67.2 years (range,
29-91 years). The racial/ethnic distri-
bution approximated that of the US
population: 78.6% were while; 12.2%
black; 6.1% Hispanic; 1.9% Asian; and
1.1% Native American. Fifty-scven per-
cent were men; women were mainly
nonveteran patients who were autho-
rized (o be treared at VA medical cen-
ters [or the purposes of this trial he-
cause the study grant funded the cost
of the hearing aids and the titne of the
treating and evaluating audiologists.
The most common self-reported causes
ol the patient's hearing loss were noise
exposure and aging. About half (46.7%)
had never used a hearing aid.

The number of patients [rom each
center was nearly equal (range, 44-16).
None of the groups representing the 6
randomized orders were statistically dif-
ferent in terms of age, age a1 onset of
hearing loss, sex, race, previous hear-
ing aid usage, and degree of hearing loss
(P=.11 for all comparisons). Twenty-
nine of the 360 patients did not com-
plete the trial due to illness, relocation
of residence, or other reasons (eg, with-
drawal of patient consent, illness un-
related to hearing, death, sudden
change in hearing). Three hundred
thirty-seven patients completed the 90-
day trial with the PC circuit, 338 with
the CL, and 333 with the WDRC. The
average reported hearing aid use time
for the 3 circuits did not differ signifi-
cantly and averaged about 9.8 (5D, 4)
hours per day.

Speech Recognition Tests

FIGURE 3 provides a suinmary of the
mean percentage correct results for the
unaided and aided conditions for the
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NLU-6 1est lor each of the 3 circuits 1o-
gether with the benefit scores (aided mi-
nus unaided). For statistical testing, per-
centage correct scores for the NU-6 test
were arcsine transformed to stabilize the
error variance. ™ Comparison of the un-
aided mcans with the aided means
showed that each of the 3 circuits im-
proved the mean waord recognition score
by a substantial amount (approxi-
mately 29% in absolute score differ-

Figure 3. Mean Percentage of Correctly
Recognized ManosyHabic Weords
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Ci indicates compression imiter; PC, linear peak clip-
per. and WDRC, wide dynamic range compressor. The
unaided values were obtained in the same test ses-
si0n as the aided valtues. Sample sizes varied shightly
across conditions (320 1o 324 for the aided condi-
tions and 288 to 291 for lhe unaided conditions).

ences; P<.001). The overall siatistical test
comparing the 3 circuits was signifi-
cant (P=.002 for the aided scores aud
P=.002 for the benefit scores). Pairwise
camparison tests showed that the WDRC
circuit was superior to the other 2 cir-
cuits for the aided scores and superior
to the PC circuit for the benefit scores.

FIGURE 4 summarizes the findings for
the aided and unaided CST resnlts. Per-
centage correct scores were arcsine
transformed 10 stabilize the error vari-
ance.™ As expected, there were no dif-
ferences among unaided means. How-
ever, significantly higher CST scores
(P<.001) were achieved for all aided
conditions relative to the unaided cou-
ditions. The overall statistical test com-
paring the 3 circuits for aided CST
scores was significant for 1 condition
(62/0;, P=.006). Pairwise comparisons
showed that the WDRC circuit was in-
ferior 10 the Cl. and PC circuits.

The mean CST benefit scores (aided
minus unaided) are shown in FIGURE 5.
Comparison of the 3 circuits showed
significant differences for the 62/0
(P=.04) and 74/0 conditions (P=.02).
Pairwise comparison tests showed that
for the 62/0 condition, the WDRC cir-
cuit was inferior 1o the CL circuit; and

Figure 4. Connected Speech Recognition of Different Ratios of Signal to Ambient Noise
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CL indicates compression limiter; PC, linear peak clipper; WDRC, wide dynamic range compressor; and SPL,
sound pressure level. Mean unaided and aided scores on the Connected Speech Test (CST) shown for 10 test
conditions for the 3 circuits. The abscissa labels the conditions by signal/babble levels (d8) for 9 conditions
(52/-3 through 74/ +3). 5/8 indicates signal-lo-babble; Q, That the test was performed in quiet. Sample sizes
varied across conditions (from 280 1o 322 for unaided conditions and 320 to 336 for aided conditions).

1810 JAMA, Oclober 11, 2000—Vo! 284, No 14

for the 74/0 condition, the WDRC cir.
cuit was superior to the CL circuit.

The data presented in Figures 4 anq
5 also show that the 3 circuits provided
similar amounts of improvement in tes,
scores, but all showed successively less
benefit as a function of signal level wheq
background noise was present. 4
marked decrease in CST benefit scores
from about 26% for the 52-dB condi.
tions to approximately 6% for the 74-dp
conditions was observed, suggesting tha
the hearing aids were less helpful
higher than at lower and moderate in.
put levels. Furthermore, the Figures
show that all 3 circuits provide measur-
able benefit in noisy conditions.

Quality Rating Test

The Quality Rating Test was adminis-
tered at 3 signal levels in quiet (desig-
nated as 52Q, 62Q, 74Q) and elicited rat-
ings of loudness, noise interference, and
overall liking,. 1t was also administered
at the same signal levels with an abso-
lute S/B ratio of 10 dB (designated as 52N,
62N, and 74N), which means that the
level of the speech was 10 dB grealer than
the level of the multitalker babble.

TaBLE 1 shows no differences in the
loudness ratings between the unaided
means for each condition. Significant dif-
ferences were observed, however, for the
aided condition across the 3 circuits for
both the quiet and background noise
conditions for the lowest (52-dB SPL)
and for the highest signal levels (74-dB
SPL) (P<.001). The WDRC circuit was
rated as being more comfortably loud (ie,
a rating closer to 5) than the other 2 cir-
cuits for the 52-dB SPL conditions
(P=.003) and 74-dB SPL conditions
(P=003). The CL circuit was more com-
fortably loud compared with the PC cir-
cuit for the 74-dB SPL condition.

A surnmary of data for the noise in-
terference task is shown in TABLE 2.
Analysis of the mean unaided data re-
vealed no differences. For the aided
data, the analysis also showed no sig-
nificant differences among circuit types,
except for the 62N condition (P=.01).
Pairwise comparison revealed that the
PC circuit scored higher (less noise in-
terference) than the WDRC circuit.

"s summary of data for the overall lik-
k is shown in TABLE 3. There were
gnificant differences between the un-
¢d means at each condition. The
yses of the data among circuit types
the aided condition showed signifi-
&ce for the 74Q condition (P=.001).
; irwise comparisons across circuits
E;wed that the PC was less liked than
th the CL and the WDRC.
?ﬁ'mally, for each circuit, significant
srovement in overall liking was ob-
red for soft and conversational
FCh levels (P=<.05). For the loud
tions (74Q, 74N), however, nega-
?glaverage benefit ratings were ob-
ved (P=<.01) except for the 74N
idition for the WDRC (P=.39), sug-
ng that the aided experience was
as being less liked than the un-
experience for loud sounds.

il
o

b

jective Assessment
differences were observed among
naided means for the PHAP. For
faided means, the analysis showed
Hstical significance (P<.001) for 2
7 scales: distortion of sounds and
iveness of environmental sounds.
vise comparisons showed that the
for the PC were significantly dif-
t (ie, higher frequency of prob-
than both the CL and WDRC cir-
n the aversion and distortion
P=.02). The mean values for the
Wwitcuit were 4% to 5% higher (ie,
frequency of problems) for aver-
hd were 2% to 3% higher for dis-

PHAB scores also showed that
tircuit significantly reduced the fre-
8y of problems reported on 6 of the
es (P<.001). For aversion, how-
@ll circuits produced a signifi-
j higher frequency of problems
(001) than in the unaided condi-
In the analysis comparing circuit
significant differences were ob-
for aversion (P<.001) and dis-
’Q}; (P=.02). Pairwise comparisons
7 yersion showed that the PC circuit
4Inore aversive than both of the other
*"* (P=.003) with the mean fre-
iy of problems being 4% to 5%
- The PHAB scores also showed

o

that the PC score was significantly higher
than the WDRC for distortion (P=.02)
with the mean difference berween PC and
WDRC being 3%.

Finally, on completion of the study,
the patients provided, from memory, a
ranking of the 3 hearing aid circuits. The

CL circuit received the highest percent
age of first rankings (41.6%), followed
by the WDRC (29.8%), and the PC
(28.6%). In addition, the CL circuit was
ranked third by the lowest percentage
of patients (25.4% for the CL vs 36.2%
for the PC and 38.4% for the WDRC).

Figure 5. Mean Benefil Scores on the CST of Different Ratios of Signal to Ambient Naise
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Abbreviations are expanded in the legend of Figure 4. The abscissa labels the conditions as signal/babble level
(dB) for 9 conditions (52/~3 through 74/+3). $/8 indicates signal-to-babble; Q that the test was performed in
quiet. Sample sizes across conditions varied from 277 to 321.

Table 1. Loudness Ratings Obtained in the Aided and Unaided Conditions*

Alded Unaided
l i —
Condition, Typaof No.of No. of
dB Cireuit  Subjects  Mean (SD) PValue Subjects Mean (SD} P Value
52Q CL 335 4.14 {0.94) 7] 318 2.77 (1.24) 7
PC 333 4.15(1.00) <001t 314 277(1.31) 97
WDRC 330 4.43{0.99) 312 2.78{1.26)
52N CL 335  3.92(1.06) 318 2.46(1.23 ]
PC 333 3.81(1.08) <001t 316 2.45 (1.24) .82
WDRC 328 4.21(1.07) 32 2430122
62Q CL 335  533(090) 325 4.36(1.21)
pPC 333 534(0.90) 26 325 431 (Lzz)] 48
WDRC 330  5.41(1.00) J 320  4.29(1.18)
62N cL 334 5.31(1.19) 326  385(1.27)
PC 333 5.20 (1.09) :! 35 325 3.86 {1.33} 73
WODRC 330  525(1.31) 320 390(1.37)
74Q CL 335 7.96 (1.55) 7] 338 6.30 (1.63)
PC 333 8.31(1.49) <.001% 332 6.28 (1.64) B4
WDRC 330  7.73(1.59) 330  6.30(167)
74N CL 335 7.57 (1.89) 335 5.88 (1.72)
PC 333 8.11(1.69) jl <.001% 334 5.81(1.74} jl 72
WDRC 330 7.26 (194) 330 5.87 (1.84)

»CL Indicates compression kmiter; PC, inear peak clipper; and WDRC, wide dynamic range compressar.
1Pairwise comparison revaels PC and WDRC, and CL end WDRC are stalistically significant.
$Pairwise comparison reveals all 3 cikcuils are stallstically significantly different.
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Statistical analysis using the Friedman
test showed a significant overall differ-
ence amaong the rankings (P=.002). Sub-
scquent analyses using the Wilcoxou test
showed that, overall, the CL was pre-

ferred more frequently than the PC
(P=.001) and the WDRC (P=.001) and
that there were no significant differ-
ences between the rankings for the PC
and the WDRC (P =.86).

Tabie 2. Noise Interference Ratings Obtained in the Aided and Unaided Conditions*

Aided Unaided
f [ 1
Condition, Typeof No.of No. o
dB Circuit Subjects  Mean (SD} P Value Sub,ects Mean (SD) P Value
520 GL 33 974(099) 317 953(133
e T332 980 (0.79)} 42 314 957(1. 15)]
WORC 329 9.74 (0.86) - 309 9.45(1.49)
52N cL 336 7.10(224) 316 6.96 (2.43)
PC ez rase2d 1 56 315 693 {2.41) :\ 99
'WD’RE T 707 @249 . 309 6.85(2.47)
C 336 9.83(066) 323 9.66(1.28)
332 9.85(053) 86 324 9.74(0.99) ] 22
328 9.83(0.57) 318 9.66(1.15)
336 6.41{2.28) 320 6.36 (2.28)
333 6.55(2.34) o1t 322 6.37(2.29) ] 62
WDRC 329 617(2.38) 317 6.47 (2.23)
74Q CcL 336 9.74{0.73) 332 967122
PC 331 9.73(0.85) 92 330 9.74(1.07) J 22
WDRG 329 972(0.77) J 327 9.66(1.20)
2 336 5.13(2.47) 334 5.48(2.31)
PC 33 5.18(2.48) 69 333 5.37 (2.36) ] 80
WORC 329 5.25(2.65) 328 543 (234)

+CL indicates cornpression himiter; PC, #near peak clipper;, and WDRG, wide dynamic renge compressor.
tCompanson of PG circuit with WORC circuit, which is statistically significantly diffarent In peirwise compearison lests.

Table 3. Overall Liking Ratings Obtained in the Aided and Unaided Conditions*

Aided Unalded
Condition, Type of l No. of i No. of !
JB Circult  Subjects  Mean {SD) _ PValue Subjects Meaan (SD) P Valus

520 cL 335 7.70(2.35 316 5.63 (2.93)

PC 333 7.78(2.39) ] 314 5.56(2.80) ]
v WDRC 330 7.96(221) 308 5.57 (2.81)

52N cL 335 6.77(2.38) 316 4.86(2.77)
PC 33 686(2.49) ] 64 314 4.87(274) jl 72
'WDRC 330 6.762.33) 300 4.75(2.76)

620 oL 336 8.44 (1.85] 322 7.28(2.58)
PC 331 843 (1. 84)} 97 3z 7.3t (2.551} 28
WORC 330 8.45(1.78) 318 7.14 2.51)

2N cL 335 6.85@2.27) 321 5.86(2.55)
P 330 697 (2.30) } o7 323 5.82(251) :] 90
WDRC 330 6.70(2.90) 318 5.79 2.60)

740 CcL 336 7.43 (2.60) 331 7.732.31)
PC 332 6.91(2.76) :l 001t 330 7.04(2.23) ] o8
WORC 329 7.49(2.54) 325 1.72(224)

74N cL 336 580257 334 6.04(2.39)
PC 331 558277 jl 12 333 6.05(2.55) } 10
WDRC 330 592 2.64) 329 597 (2.47)

*CL indicates compresson imiler; PC, linear peak clipper; and WDRC, wide dynamic range comprassion.

+Companacn of CL circuit with PG circuit and comparison of PC circuit with WDRC circull are statistically ditferent in

palrwise comparison tests.
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COMMENT
Each of the 3 hearing aid circuits pro-
vides substantial benefit over unaided lis-
tening. Benefit was observed for mea.
sures of speech recognition and ratings
of speech quality in a variety of noisy and
quiet conditions as well as for subjec-
tive measures. Each circuit improved
monosyllabic word recognition scores in
a quiet background at conversational lev-
els by an average of 29% (absolute score
improvement). Speech recognition abil-
ity, as shown by the CST, in noisc was
improved by each circuit by amoungs
ranging from 10% 1o 30% (absolute score
improvemem), with greater wmprave-
ment observed for speech atsoft and con-
versational levels. Loudness rating daia
suggested thatall 3 circuits amplified soft
and conversationally loud speech to com-
fortable levels. The noise interference rat-
ings showed that none of the circuits had
a deleterious effect. For soft and conver-
sational speech levels, each circuit im-
proved the overall quality of the lisien-
ing experience. For loud speech, the
overall quality of listening was not sig-
nificantly degraded. The results of 6 of
the 7 subscales of the subjective mea-
sure of hearing aid benefit (PHAB)
showed a significant reduction in the fre-
quency of prablems associated with com-
munication in everyday environments.
Statistically significant differences
(small in comparison with the benefits
seen with each of the circuits) were noted
among the circuits on several compo-
nents of the outcome measures. The re-
snlts of the loudness rating suggest that
the WDRC circuit was more comfort-
ably loud than the other 2 circuits for soft
and for loud speech input conditions. Be-
cause of its operating characteristics, the
WDRC was expected to produce a more
comfortable listening experience for the
softand loud input fevels. Differences in
scores on the PHAP/PHAB for 2 subs-
cales were statistically significant among
circuits, with the PC rated as 4.5% more
aversive than the other 2 circuits and pro-
ducing an average of 3% more prob-
lems for distortion of sounds compared
with the WDRC circuit. The prefesence
rankings provided at the end of the triat
favored the CL circuit. Because the dif

ual patiens, (n this regard, many pro-
nable hearing aids (such as the one
d in this trial) may be configured to
iction as a PC, CL, or WDRC and, as
3 ch, there are no cost differences be-
Ween circuit options; however, for con-
ntlonal nonprogrammable devices,
"mpressmn circuitry (either CL or
HUDHRC) adds significantly to the single-
it price of the device.

ecause concerted efforts were made
gecruit patients into the study from
ihth sexes and all racial groups, the
§ ﬂy sample was a good representa-
'ﬁofUS adults who are candidates for
ing aids. We believe, therefore, that
study results are generalizable to the
éopula(ion with sensorineural hear-
Joss. One limitation of the trial is
did not measure other domains,
s affect and cognition, which are
'Qenced by hearing loss.
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Toplcal butyrate for acute radiation proctitis: randomised,

crossover trlal  (320) [ 33072

P Vernla, P L Fracasso, V Casale, G Villotti, A Marchegglano, V Stigliano, P Pinnaro, V Bagnardi, R Caprifil

Summary

Background No available therapy has, as yet, proven
effective to treat acute radiation proctitis (ARP) foliowing
radlation therapy for malignant pelvic disease. We
assessed whether sodium butyrate enemas, at a dose of
80 mmol/L (80 mL/24 h), might offer effective treatment
for this condition.

Methods 20 patients presenting with ARP after completing
a cycle of 35-52 Gy external-beam radlation therapy for
pelvic malignant disease, were treated for 3 weeks with
topical sodium butyrate and sallne enemas according to a
randomised, double-blind, crossover protocol. Clinical,
endoscopic, and histological findings were assessed at
enroiment, at week 3, and then at the end of the study.
Data were analysed by two-tailed ¢ test for palred date
{continuous variables) and a logisticTegression mogel with

variable multiple fesponse Tor ordered categorical data.

Findings Topical butyrate, but not saline, led to remission
of symptoms (clinical score from 8-2 {SE 1-6) to 1-5 [0-7]
vs 7-9 [1-8] to 8-1 [3-4]). When the treatment regimen was
switched, eight out of nine of the previously placebo-treated
patlents went into remission, whereas three patients
telapsed when switched to sallne. The advantage of
butyrate over placebo, expressed as Cl, odds ratio, and p
value was significant for almost all the clinical, endoscopic
and histological factors taken into consideration.

Interpr%tatlon Topical sodium butyrate, unlike other
therapeutic regimens used so far, proved effective in the
treatment of ARP.

Lancet 2000; 356: 1232-35
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Introduction

Radiotherapy for malignant pelvic disease is often
followed by acute treatment-induced bowel injury, the
prevalence being related to the total radiation dose and
therapeutic protocol.'* The risk of chronic proctitis is
lower, ranging between 5% and 20% at 5 years, after
pelvic radiation therapy.**

Although most patients have only mild side-effects
during treatment and heal spontaneously after
completing therapy, no proven effective treatment of
acute radiation proctitis (ARP) is available as yet.

Topical steroids and sucralfate, in some instances,,

improve mucous and bloody diarrhoea, tenesmus, and
pain,* but true efficacy is still debated. The crucial issue
seems to be, however, the prevention of acuie
damage, since clinical and experimental data indicate
that catly damage to the intestinal mucosal lining
and the vascular endothelium leads to late mucosal
injury.” Acute toxicity is, indeed, the only factor,
besides the total radiation dose, significantly correlated
with increased risk of chronic proctitis,® but again, no
effective therapeutic regimen has so far proved effective
in the prevention of ARP.

Among new therapeutic approaches, short-chain fatty
acids (SCFA) and butyrate are likely candidates.
Derived from the bacterial fermentation of unabsorbed
carbohydrates within the colonic lumen, they have a
pivotal role in the regulation of mucosal proliferation
and provide ovér half the enetgy requirements of the
mucosa. Butyrate, besides being the main contributor to
these processes, favours mucosal rtepair through
transglutaminase-mediated and non-transglutaminase-
mediated  pathways,” dilates resistance  arteries
increasing mucosal blood flow and oxygen uptake,’™"
reduces mucosal permeability, and enhances production
and release of mucus.”” Some preliminary data
indicate that SCFA may be effective in acute, but not in
chronic, radiation proctitis,” but no hard data are
available.

The present study was thus aimed at assessing the
efficacy of topical butyrate in the management of ARP,
by a randomised, double-blind, placebo-controlled
crossover pl’O[OCOl.

Methods

Patients

Over a period of 13 months, 58 patients completed a
cycle of extemngl-beam radiation therapy to the pelvis
(35-52 Gy) for prostate or cervical cancer, Every week,
patients had received five daily fractions of 1:8-2 Gy,
with a four-field box centered on the pelvis. Enrolled
in the study were 20 patients (11 male and nine
female, mean age 57-0 years [SD 6'8]) out of 25 who
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B palisiin
utilarwant adialiog
therapy

25 developed
radiation proctitis

5 refused entry
into study

l

20 enrotfed
in study

l

10 randomised to 3
weeks of butyrate

l |

10 switched to 3 10 switched to 3
weeks of saline + weeks of butyrate

10 randomised to 3
weeks of saline

[y

withdrew

9 completed study 9 completed study

Figure 1: Trial profile

had ARP within 3 weeks of completing radiation
therapy. Five patents refused to enter the study.
ARP was defined as the occurrence of loose stools
and tenesmus lasting more than 7 days, associated
with at least two of the following symptoms: greater
than four bowel movements per day, rectal bleeding,
night bowel movements, and abdominal/rectal pain.
Patients with a history of chronic diarrhoea or
inflammatory bowel diseases, or who had used
topical treatment for haemorrhoids in the 4 weeks
preceding the study, were excluded. All patients gave
writtent informed consent to take part in the study, which
had been approved by the ethics committee of our
institution.

Study design

In accordance with a double-blind, placebo-controlled,
crossover protocol, the patients were submitted to a
3 week treatment period with either one 80 mL enema
per day of sodium butyrate (B0 mmol/L, ten patients) or
a sodium chloride (placebo) solution (ten patients) once
a day, in random order. One drop of butyric acid was
applied to the cap of the saline-containing bottles to
mimic the smell of the butyrate solution. Patients were
allocated to the Iwo treatment arms accotding to a
computer-generated randomisation list and were
instructed to self-administer enemas each evening
before sleeping. Patients were assessed clinically,
endoscopically, and histologically before entry to
the study, at week 3, and at the end of the study.
The physicians were unaware of the treatment regimen
received by the individual patients. To assess

i

map iR
ity sl VER(IA w4l i
Ahdominal paln L EUNERF B nin
Burning/tenesmus 16'5(15-181-3) no4
Self evaluation 23-4(1.9-276-4) oo

10-4 (0-9-114-2) 0ns
Histology (fnflammation) 62 (0-3-42-2) aa6

Hlsl_m_ogy_(gllhelgl damage} 0.52
Bowel movements to ) 0.008
Night bowe! movements ~0-35 (~0-57 to -0-50} 00006

Oata refer to first 3 weeks of treatment. OR=odds ratio.
Advantage of butyrdte over placebo In the treatment of ARP

compliance, patients were asked to return unused
enemas during the visit at week 3 and art the end of the
study.

The clinical activity of ARP was assessed by recording
bowel movements and stoo! consistency, rectal bleeding,
night bowel movements, abdominal pain, recral
burning/tenesmus, and from a self-rating based on the
impact of symptoms on normal life activities. For each
factor, a scale from 0 (normal) to 3 (highly
abnormal) was used. The maximum overall score was 21
and the minimum score required for enrolment was 6.
The endoscopic assessment was graded as follows:
O=normal mucosal pattern; |=mucosal erythema,
slight oedema; 2=pronounced ‘ocdema, superficial
erosions, friable mucosa with bleeding on touch:
3=mucosal ulcerations, spontaneous bleeding. The
histological scoring system was also graded from 0
(normal mucosa) to 3 (defined as  severe
inflammation/damage), according to the degree of
superficial epithelium impairment/goblet cell depletion,
and inflammatory cell infiltration. 18 patients completed
the study, and two did not complete the second 3 weeks
period.

Statfstical evaluation

Student’s ¢ test for paired data was used in
the compatison between groups  lor  continuous
outcome variables (number of bowel movements). All
other variables were analysed by logistic regression
for ordered categorical data.' Since a considerable
carryover effect was observed when  buryrate
preceded the placebo treatment, an analysis was also
done to compare data from the first 3 weeks of
treatment.

Results

Figure 1 shows the trial profile. No important
differences were observed between groups before
Ll'ea[men[ All patl:n[s first treated with buryraze‘

we"Es of “treatment. In Lhe placeEo ‘group_ three
‘patients some lmprovcmem whereas three
detenorated slightly. Thus, the overall score value
was unchanged (7-9 {8} vs 8-T [3-4]). ‘THie number of
bowel “movements _decreased_in th:Abutyrate group
from 3-7 QO )b)[o 1° 7{((.0 7),/but remained unchanged

in the bo  group— (from 28 ‘"[0 3] w26

[0-2])

~When the treatment regimen was switched to
butyrate, clinical remission occurred in eight of nine
of the previously placebo-treated patients. Three of the
patients treated with butyrate had a rclapse of
ARP symptoms when switched to saline (clinical score
from 1'5 [0-7] to 26 [2-1]). Pretreatment endoscopy
showed, in most cases, only mild lesions, consisting of

THE LANCET - Vol 356 » October 7, 2000

-~ 1233
f: I b v



Figure 2: Rectal blopsy specimen from a patient with acute
radlation proctitis

Three crypts show necrollc epithelium and invasion by neutrophlls and
eosinophils with forination of crypt abscesses. Focal mucln depletion of
crypt epilhelium and damage in the superficial epithelium are also
visible, Chronic inflammatory mtiltrate in the lamina propria 1s
neghgible.

-~ 2 h o ge )
Figure 3: Rectal blopsy speclmen from same patlent as fligure
2 after treatment

After 3 cycle of lopical butyrate, appeacance of mucosa has teturned o
narnal,

ocdema, erythema, and erosions. Butyrate led to
improvement or remission in all but onc patient, whereas
only four paticnts on placebo improved, and one
worsened,

Superficial epithelial damage and inflammation were
negligible before treatrnent in hoth stedy groups. Again,
improvement was observed in most patients after
butyrate, but ouly in three paticnts after saline (figures 2
and 3).

Compliance was good because no participant returned
more than two unused enemas at the end of treatment.
Asscssment of the data showed that the advantage of
butyrate over placebo and the carryover clfect were so
marked that the odds ratio, in some instances, could not
be quantified, inasmuch as the odds ratio approached
infinite  values. An analysis was thus performed
comparing only data from the first 3 weeks of treatment.
The advantage of butyrate over placcho, expressed as
95% CI, odds ratio, and p value for clinical endoscopic
and histological findings is teported in the table.

Discussion

Early radiation-induced symptoms are frequent in
patients submitted to radiation therapy for cancers in the
pelvic region and have a further ncgative effect on
the quality of life in these patients. No proven effective
therapy is, at present, available.

This double-blind  placebo-controlled,  crossover

trizl indicates that topical butyrate at a dose of
80 mmol/L. (80 ml/day) is effective in ARP. Rclapse
of symptoms was observed in three patients after
withdrawal of treatment, suggesting that the
optimum coursec of buryrate is longer than 3 weeks.
Pretreatment endoscopic and histological abnormalities
were not distributed homogencously, and were, in
most instances, minor. Despite the possibility of
sampling errors, the level of significance, after butyrate
therapy, was rcached for endoscopy and approached it
for histological findings.

ARP symptoms, occurring during or soon after
treatment, spontancously resolve, in most instances,
within weeks or a few months. The risk of developing
chronic proctitis besides depending upon the total
radiation dose, is greatly increased by concomitant
pathological  conditions, such as diabetes and
vascular damage, or old age and the occurrence of eacly
radiation toxicity.™" Of these various factors, only ARP is
potentially preventable, but preliminary findings
were that putative drugs, such as 5-aminosalicylic acid,
epidermal growth factor, and prostaglandins were not
fully satisfactory.”™" The present study provides
strong but preliminary cvidence that sodium butyrate
is effective in the tweatment of ARP. Whether early
administraiton of this SCFA also has an cffect on
late intestinal radiation damage remains to be
established.

Finally, ARP represents a unique human model
in which a noxious agent is applicd, for a short time, on
a previously normal mucosa. The efficacy of sodium
butyrate in enhancing the healing of mucosal lesions
and reducing related symptoms further supports the role
of this agent in the treaunent of ulccrative colitis and
other mucosal diseases of the coton.™'"
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A 29-vear-old HIV-negative man presented with a t-year history of a widespread pr\ju'itic cruprif)n. Unsuccesslul
prior treatments had included isotretinoin, fluocinonide gel, indomethacin, erythromycin, dicloxacillin, fluconazole.
loratidine, cetirizine, doxepin, and ultraviolet B phototherapy. Physical examination rev.caled cluglcrs of ery[hcnmyms
follicular papules and pustules primarily on the head, neck, and upper body (figure A). A blopsy specimen showed am {,\'ud
dermal perifollicular infiltrate of lymphocytes, cosinophils, and histiocytes with necrasis of follicular cprhc)lwn
confirming the diagnosis of esoinophilic pustular folliculitis  (Ofuji's disease). After u:1§ucces:<Fu] [_rlals with
isotretinoin, antibiotics, ciclosporin, and dapsone, 0-1% tacrolimus cintment (topical FK-506) applicd nwice d;_nly rcwllul
in near complete resolution of lesions and pruritus in 10 days (figure B). During an inadvertant 5-day pcnokni w.l"'],1"ml
treatment, all lesions recurred, but resolved rapidly upon resumption of trcatment. Tacrolimus ointment, by l_nh‘b‘“”‘g
inteclcukin-2 formation and T-cell activation, is a potent immunosuppressant with potential for topical use in Ofuji's

diseasc.

Sectlon of Dermatology, Unlversity of Chicago Hospltals, Chicago, IL 60637, USA (S‘Dale MD, J Shaw Mp)
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Comparison of pharmacokinetics and systemic effects of inhaled
fluticasone propionate in patients with asthma and hea‘thy
volunteers: a randomised crossover study (465)[ 4217

Martin H Brutsche, Ingrid Carlen Brutsche, Mohamed Munavvar, Stephen J Langley, Catherine M Masterson,

peter T Daley-Yates, Ronan Brown, Adnan Custovic, Ashley Woodcock

Summary

Background Inhaled corticosteroids are. curren‘lly the
cornerstone of asthma treatment. Some studies of high-dose
fluticasone propionate in patients with no or.mnd as(h.ma
have, however, suggested substantial systemic absf)rpt‘on,
We investigated the pharmacokine(ics. _of Hu(ncasgne
propionate in patients with asthma receiving appropriate

doses for severity.

Methods We did a doublebhnd,_randomisel_crossovev study
in 11 patients with asthma and 13 matched hgallhy controls
(age 20-65 y?ars: asthma patients forced expiratory volgme
in 1 s <75% and stable on high-dose inhaled corticosteroids).
Patients received one 1000 pg intravenous dpse or 1900 ug
daily for 7 days inhaled (via spacer devxcg) fluticasone
propionate. In the 12 h after dosing. we mom.loreg pjgxsma
fluticasone propionate and ggr\i§9l _cppcgrllriglloqs by mass
spectrometry and competitive Wnunoassay yith use of
‘direct chemiluminescence. Analysis was by intention 1o treat.

Findings After inhalation. geometric mean.values were
significantly lower n the asthma group than in controls for
fluticasone propionate plasma area under curve (1082
[(95% Cl 850-1451] vs 2815 pg mL' h'! [2262—39491.
—-62% difference [45-72]: p<0-001). maximum
concentrations {117 {91-159} vs 383 pg/mL .[302754.6.;,
—68% (—50 to —81]; p<0-001), and systemic bioavaitability
(10-1 {7-9-14-0] vs 21-4% [15-4-322]. -54% |27 to
—70]; p=0-001). Intravenous-dose clearan?e. volume of
distribution at steady state. plasma half-life, and mean
residence time, were similar n the two groups. Les_s
suppression of plasma cortisol concentralions was §een in
the asthma group than in controls 4-12 h after inhaled
fluticasone propionate.

Interpretation Systemic availability of fluticasone propionate
is substantially less in patients with moderate to.seve're
asthma than in healthy controls. Inhaled corticosteroids (h?[
are absorbed through the lungs need to be assegsed in
patients who are receiving doses appropriate for disease
severity, and not in normal volunteers.
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Introduction
Since their introduction almost 30 years ago, inhaled
corticosteroids have played a central part in_Lhe treatment
of asthma. These drugs have almost entirely replaced
maintepance oral corticosteroids, which had major
adverse effects. Inhaled corticosteroids, because o_[ tu.pical
application, have a subslamially better therapeutic index
than oral steroids.'” Further |mpr0vcmer\‘ts bave been
seen because of reduced oral bioavailability for newer
inhaled coricosteroids. About 20% of the towal inhaled
dose from most metered-dose inhalers is dePosilcd in the
lungs and 80% stays in the oropl:\arynx and is swa.llowcd_‘
Molecules with a high hepatic first-pass mctabohs_m and
low oral bioavailability, such as fluticasone propionate,
therefore, have lower systemic exposure Q\an other
inhaled corticosteroids.** For ﬂuticason:: propionate, any
systemic activity results from»absorptlc_n Ofldlc"dru_g
deposited in the lungs and its oral bioavailability is
igible.
nc%‘j]liillasonc propionate has a high therapeutic index and
efficacy.™ The drug has been used successfully for several
years for all severitics of asthma and has proyed to be well
tolerated. No clinically important .sysmmc cffcc_lsm are
reported for the normal therapeutic dose range.” " By
contrast, pharmacokinetic studies ljave .suggeslcd
hypothalamic-pi[uiLary»adrcnnl sgppregs:on with ligher
doses. However, those studics involved normal
volunteers™" ** or paticnts who had mild asthr‘-na and were
receiving inappropriately high doses, well in exeess 'of
those needed to conurol their disease." " I.n patients with
moderatc or severe asthma requiring higher doses.of
inhaled corticosteroids, factors such as airflow obstruction
and ventilation-perfusion mismatch cquld aller_ drug
deposition in the lung and change systemic absorption.
To clarify the safery of higher doses of ﬂun.(?asolnc
propionate in asthma, we studied the Phanxmacoklnet?lmh
and pharmacodynﬂmics of the drug in patients WIl
moderately severe asthma compared with normal controls

in a randomised double-blind, double-duminy, Crossover .

design (figure 1).

Methods

Study population B

We )rlccrui[ed individuals from outpatient clinics at d:;
North West Lung Cenue, who had phys|c:an-d|a§"°scd :
asthma, gave written informed consent, and‘were -afﬁ. (%
berween 20 years and 65 years. The inclusion Crl“wd’“
included forced expiratory volume in ! s (FEV)) Od
than 75% at screening, previous bronchodilator use, nnid“
stable condition on high-dose inhaled comcos;erc o
(beclomethasone dipropionate [BDP] _2000 gl :icyd !
budesonide 1600 pug/day). For each paticnt, we S¢€
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.:_v;'_hcallhy volunteers (generally stalf and relatives of staff at
! the North West Lung Centre), matched for sex, age, and
;,body—mass index. All participants were non-smokers (=6
months). Exclusion criteria were: clinically important
disease, systemic disease other than asthma, or both,
o, pregnancy  or  lactation  in  women, suspected
' hypersensitivity to inhaled corticosteroids, treatment with
. oral or parenteral corticosteroids in the past 6 weeks, or
‘ inhaled fluticasone propionate in the past 2 months.

Study design

Participants were trained in an optimum inhalation
echnique before entering a l-week run-in period. They
“were randomly assigned 1000 g fluticasone propionate
+.(500 pg twice daily), or a therapeutically equivalent dose
{/ of 2000 pg of BDP daily (1000 pg twice daily), inhaled at
\r‘, 0800 h and 2000 h from metered-dose inhalers with use
i of spacer devices (Volumatic, Glaxo Wellcome, UK;
hgure 1).

8 We assessed adherence by weighing the acrosol
.+ canisters before and after each weatment period. On the
i1.day before the pharmacokinetic sampling, participants
L-were telephoned at 2000 h to remind them to take the last
“inhalation at the precise time. We asked participants to
:"}eﬁain from strenuous exercise. The next day all
| phrticipants attended the study-day visit at 0700 h after
; Fdsting overnight and abstaining from alcohol for 24 h. We

£l
r

10 patients excluded

13 normat volunteers
randomised

11 asthma patients ]

;“éi randomised
i y === v %
5 assigned 6 assigned 7 assigned 6 assigned
{'Inhaled inhaled inhated inhaled
| fluticasone BDP for fluticasone BOP for
propionate run<n 1 propionate run-in 1
| for run-in 1 for run-in 1
1 patient 1 control
withdrew withdrew
l A v
n study day | [On study day | | On study day | | On study day
L S received | |1.5 received | | 1, 6 received | | 1. 6 received
ihpaled intravenous inhaled intravenous
. hmicasone fluticasone fluticasone fluticasone
fopionate propionate propionate propionate
6 received 5 received 6 received 6 received
Inhaled inhaled inhaled inhafed
Ufluticasone BDP for fluticasone BDP for
\:propionate run-in 2 propionate run-in 2
for run-in 2 for run-in 2
1/ l l
"is\udy day | |On study day | (On study day | {On study day
 received | |2, 5 received | | 2. 6 received | |2, 6*received
aled intravenous inhaled intravenous
icasone fluticasone fluticasone fluticasone
pionate propionate propionate propionate
n

n
ure 1.: Trial profile

Hudes patient with extravasation of intravenous dose (data not
ded in analysis).

Charactedstics

Controls {n=13) Asthma group (n=11)
Demography
Age (years) 42(12) 4510
Sex (M/F) 5 (38%Y/8 (62%) 4 (38%)/7 (64%)
Height {m} 170(009) 169{0-10)
Vieight (ki) 77 (15) 84(14)
Body mass index (kg/m’) 26413.7) 29.747.2)
Splrometry
FEV, (L/s) 362 10 A0} 17440 GG}
FEV, (% predicted) 10814 RERSIUN
FVC (L} 44111 16) VIS0
FYC (% oredicled) (NN TR
FEV/FVC (%) 1O (%) A1)
Total ling capacity {L) ECEYEREN EERETIT
Total lung capacity (% predicted} A 0/ pm
Residual volume (% predicled} M1y 161
R (kPal's') 0180 04) 021020
G, (kPa/s) 150 (029) g
NO,, (parts per billion) 572M LR R PR
Gas transfer
OLCO (% predicled) 96(11) 91 (1a)
KCO (% predicted) 97 (15) 104 (20

FVC=forced expuatory wilal capacity. Data are mean (SD) excepl vhere il atel
athenwise.

Table 1: Baseline characteristics

had to be within 15% of the value obtained during the

screening visit. Participants had a standard breakfast

30 min betore drug administration, and ate a standard

diet for the rest of the day. A venous catheter was inserted
into a forearm vein of ecach arm in all participants. At
0800 h, we administered 1000 g inhaled fluticasonc
propionate and intravenous placebo (sodium chlonde
0-9%) or 2000 g inhaled BDP and 1000 g intravenous
fluticasone propionate (in 2 mL of propylene glycol). The
methods of administration were identical {or intravenous
trcatment and placebo or inhaled treaument and BDP.
The infusion was adininistered over 10 min with the aid of
a syringe driver. Inhalation trecatment was taken in a
sitting position. During the first hour after dosing,
participants remained in bed. We took venous blood
samples at baseline and 10 min, 20 min, 30 min, and 45
min, and at hours 1, 2, 3, 4, 6, 8, 10, and 12 after dosing
to measure plasma concentrations of fluticasone
propionate and cortisol. For the next week, participants
crossed over to the other run-in treatment, after which
they returned for a second pharmacokinetic-sampling day.

All static and dynamic pulmonary-function tests were
measured with a VMAX22 spirometer (Sensor Medics
BV, Bilthoven, Netherlands) and a body box (Autobox
6200 DL, Sensor Medics BV), according to ATS
recommendations. Carbon-monoxide transfer facror was
assessed with Transfer Test (Morgan Ltd, Chatham,
Kent, UK).

In addition to establishing plasma cortisol profiles on
sampling days, we measured plasma cortisol con-
centrations at 0800 h and 24 h urinary cortisol
concentrations at the screening visit and on the two
sampling days (ie, at a steady state for fluticasone
propionate 500 pg and BDP 1000 pg).

All blood samples were drawn into heparinised tubes.
They were immediately placed on ice and centrifuged
within 30 min at 1500 rpm for 10 min at 4°C. Plasma and
urine samples were immediately frozen at —70°C until
assay. Masked analysis of plasma and urine samples was
done at the Department of International Bioanalysis,
Glaxo Wellcome Research and Development, Ware, UK.
Fluticasone propionate was isolated from plasma by solid-
phase extraction liquid chromatography—tandem mass
spectrometry (LC-MS-MS) that uses thermally and
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pneumatically assisted electrospray ionisation." The assay
“has a lower limit of detection of 20 pg/mL, with between-
assay and within-assay coefficients of variance at less than
6%. Plasma and urinary cortisol concentrations were
measured by a competitive immunoassay with use of
direct chemiluminescence (Product 672303 and
ACS:1B0SE, Chiron Diagnostics, Harefield, Middlesex,
UK). For this assay, the lower limit of detection is
6 nmoV/L and the coefficient of variance is less than 3%.
We did the study according to the 1995 Declaration of
Helsinki, and the design was approved by the local ethics
committee, .

Statistical analysis

We calculated sample size based on the main eutcore
variable, the area under the curve for plasma fluticasone
propionate concentrations. According to previous studies,
we assumed a within-participant variability of 10%. To
detect a significant difference of 15% with a statistical
power of 90%, we would need to enrol ten participants in
each group.

We analysed data by intention to treat.
Pharmacokinetic data were analysed by a conventional
non-compartmental approach with WinNonLin Pro
software @won T.5) " Systemic availability was
calculated, with reference to the nominal dose, as the area
under the plasma concentration time curve after
inhalation divided by the area under the curve after
intravenous administration. Plasma clearance and
apparent volume of distribution at steady-state were
calculated by conventional equations. We analysed 24 h

uringiy e Haol copssniaiune ae & eacianl w tediining
rutio aid un total hee cortinol excretion, l'hlrnmcuklnenc
and cortisol data were log-normalised for group
comparisons and are presented as geometric means with
95% CI. The lung-function variables followed a normg]
distribution and are presented as arithmetic mean (SD),
We compared e Fesults Tor 35T 3hA CoRTrol gron pared the Tesults for asthma and control groups
by two-tailed Student’s ¢ test. One-way and multiple
ANOVA was applied to identify significant differences
between the three different cortisol time points—
screening, and sampling days 1 and 2—and the plasma
cortisol_profiles on the kinetic sampling days . Non-
parametric data were compared by Mann-Whitney U/ and
2%2 * tests. We used bivariate correlations with Pearson's
correlation coefficient for the systemic availability and the
area under the curve for fluticasone propionate after
inhalation against FEV|, carbon monoxide transfer, and
body-mass index. We set significance at 0-05. Statistical
analyses were performed with SPSS software (version 7.5).

Results

Of 18 patients with asthma and 16 healthy volunteers
screened, 11 and 13, respectively, entered the study
(figure 1). One patient with asthma did not fulfil the lung-
function entry criteria on the first sampling day and did
not continue. One control attended the sampling day for
inhaled fluticasone propionate, but refused to attend for
the intravenous study day. One control had an
extravasation at the intravenous site and the data were
omitted from analysis. Ten patients with asthma and 11
controls completed the study, and had full data available
for analysis. Baseline characteristics were similar in the
two groups (table 1). All treatments were well tolerated
and no serious adverse events occurred at any time during
the study.

The pharmacokinetics of fluticasone propionate
differed significantly between the asthma and control
groups, seen in plasma area-under-curve values for
inhaled fluticasone proprionate (1082 [B50-1451] wus
2815 pg mL™ h™' [2262-3949), mean difference 0-38
[95% CI 0-28-0-55]; p<0-001; figure 2), systemic
availability (10-1 [7-9-14:0] vs 21-4% [15-4-32-2], 0-46
{0-30-0-73); p=0:001), and maximum fluticasone
propionate concentration (117 [91-159] w»s 383
[302-546] pg/mL, 0-31 [0-19-0-501; p<0-001).

All intravenous pharmacokinetic parameters were
similar in the two groups (clearance, time at which
maximum fluticasone propionate concentration was
reached, area under curve, volume of distribution at
steady state, fluticasone propionate plasma half-life, and
mean residence time, table 2).

Controls (n=11) Asthma group (n=10) [
Pharmacokinetic data
Inhaled aree under curve (pg mL ' h ) 2815 (2262-3949) 1082 (850-1451} <0 001
C... (p&/mL) 383 (302-546) 117 (91-159) <0-001
Systemic availability 22.4(154-32-2} 10-1 {7-9-14.0) 0.001
Intravenous area under curva {pgml. ' h %) 12 357 (10 048-15 970) 10 731 (9120-12 B93) 0-29
Volume of distribution at steady state (L) 253 (181-387) 282 (181-456) 063
Time to C,.. (h) 1.4 (0-6-3-7} 1.0 (0:7-1-6} 024
Plasme hattife (h) 5-8(4-8-6:7) 81(4-1-99) 0-65
Mean residence time (h) 313 (2:69-3-73) 3.02 {2:28-4-15) 079
Clearance (mL/min} 1349 (1103-1735} 1553 (1319-1868) 029
Mean {SD) fluticasone propionate intravenous dose (ng) 1021 (23) 1018 {41) 086
Adherence
Mean (SD) fluticasone propionate per day (g) 0-313 (0-046) 0-305 {0-049) 068
Mean (SD) BOP per day (g} 0-671 (0-042) 0694 (0-170) 062

C. i plasma of i efter i Date ere mean {95% Cl) except where otherwise indicated.
Table 2: Inhaled and inti kinetic p
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~ The area-under-curve and systemic availability values
i were positively correlated with baseline transfer of carbon
- monoxide (figure 3). Variability in systemic exposure
fiwithin groups was explained partly by carbon monoxide
E:transfer, but not the difference between groups. Baseline
VFEV, did not correlate with pharmacokinetic parameters
& (figure 3).

¥ Controls had higher 24 h urinary cortisol
oncentrations at screening than after steady-state
j fluticasone propionate and BDP, measured at the start of
fithe rwo sampling days, compared with the asthma group
Bt any time point, as would be expected (table 3). The
."plasma cortisol concentrations at 0800 h changed little at
{hll time points and were similar in the two groups.
§upprcssion of cortisol concentrations was lower in the
Yasthma group than in the control group at all time points

kP=0-076); the difference between groups was significant
At 4~12 h after dosing (estimated mean group difference
p~31-6 {~54-02 to —9-18], p=0-006; figure 4).

i

“Buirea (well]

24 h urinary cortisol
Besaline corrected for
creatinine (nmol/mmol)

788 (8-24-11-10) 3-22(1.05-8-19) 001

Fluticasone propicnete 3.85(2:15-571) 4-01(1-49-6-18)  0-82
(500 ug twice daily}
BDP {1000 pg twice daily) 4.20 {2-49-6-18) 3.66 (0-97-5-02) 043

Within-group p 0-01* 0-83* 0-01t
Baseline total excretion 6384 {53-90-89-18)  24-89 {1-80-64-55) 015
(nmol/24 h)

Fluticasone propionate

{1000 pg twice deily)

BDP (2000 .4 twice deily)

47-48 (28:55-7291) 43.75(13-98-74-82) 0-90

5317 (24-51-97-01}  37'15(7-19-56-83) 039

Withingroup p 0-79* 076+ 037t

Plasma cortisol (nmol/L)

Baseline 379 (330-462) 303 (216-468) 0-20
Fluticasone propionate 363 (311-432) 323 (237-476) 043
(1000 png twice daily)

BDP {2000 pg twice daily) 335 (280-418) 326 (256-438) 0-85
Within-group p 0-70* . 098+ 085t

Deta are geometric mean (95% C). *One-way ANOVA. tMultifactorial ANOVA.
Table 3: Results of cortisol measurements as measure of

effects on the hypothal lc-pt y-ad| | axls funct
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Discussion

The systemic availability of inhaled fluticasone propionate
was more than halved in asthma patients compared with
healthy controls. As a consequence, less hypothalamic-
pituitary-adrenal suppression was seen after high doses at
steady-state.

Investigations into the potential systemic effects of
inhaled corticosteroids have concentrated on four main
areas: hypothalamic-pituitary-adrenal-axis function, bone
density, growth in children, and cataracts. Several
confounding factors make a precise assessment of the risk-
benefit ratio difficult, especially for high doses. First,
significant effects on short-term indices are not necessarily
clinically relevant (eg, knemometry might not be related
to long-term growth). Second, chronic asthma might have
some adverse effects directly, such as on growth, or
indirectly, such as on bone density, through restriction of
exercise. Third, patients with more severe asthma taking
higher doses of inhaled corticosteroids frequently need
rescue treatment with oral steroids, and the impact of this
approach is unknown. If there were minor long-term
effects of very-high-dose inhaled coricosteroids, the most
severe patients would, however, still benefit more by
taking this treatment than by taking maintenance oral
steroids, Fourth, group data might hide substantial
variation between patients in the degree of systemic
availability, which has yet to be explained.
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Long-term studies on potental systemic effects of
inhaled corticosteroids have been generally reassuring.”
Short-term effects on bone metabolism, especially on
osteocalcin concentrations, are seen with these drugs,?
but cross-sectional studies on bone density suggest no
effect or only small changes. Such studies are, however,
confounded by the use of rescue steroids.™” A
longitudinal study on bone density in patients with
moderate or severe asthma taking 1000 pg fluticasone
proprionate daily for 2 years showed no adverse effect,
assessed by computed tomography, on trabecular bone
density, which remained almost twice that of patients
taking maintenance oral steroids.™

All inhaled corticosteroids, if given in high enough
doses, lead to hypothalamic-pituitary-adrenal sup-
pression. No thresholds have yet been proposed to define
high risk and low risk of excessive metabolic effects. We
saw less hypothalamic-pituitary-adrenal suppression in the
asthma group than in the control group, which parallels
reduced systemic bioavailability. These findings
underscore pharmacokinetic differences between patients
with asthma and healthy controls, and the related impact
on the hypothalamic-pituitary-adrenal axis. Baseline
urinary cortisol excretion among controls was significantly
higher than in the asthma group, which suggests some
suppression of the hypothalamic-pituitary-adrenal axis
after the high doses of fluticasone, budesonide, and
beclomethasone administered in the run-in period.

Our results agree with other comparisons of the
systemic effects of fluticasone propionate and other
inhaled corticosteroids, which have been done at different
doses in healthy individuals and patients with mild
asthma. In a meta-analysis, the systemic effects of
fluticasone propionate and budesonide were compared,
and results differed between patients with asthma and
healthy people.” At roughly equal doses, in healthy
volunteers, fluticasone propionate increases suppression
of cortiso]l concentrations more than budesonide
(budesonide/fluticasone prioprionate suppression ratio
3-3 for the residual cortisol concentration at the end of
treatment). In patients with asthma, however, fluticasone
priopionate and budesonide have an equal effect on
the hypothalamic-pituitary-adrenal axis (budesonide/
fluticasone propionate suppression ratio 1-0) for
equivalent doses.

There is little information on factors that influence the
systemic  bioavailability of inhaled corticosteroids,
especially for drugs with minimum oral bioavailability,
such as fluticasone propionate, in which drug delivery,
and pulmonary deposition, have key roles. Almost all
fluticasone propionate present in the systemic circulation
has been absorbed in an unchanged active form via the
lungs.”” Once present in the bloodstream, this drug
remains potent, with a high binding affinity to the
corticosteroid receptor. Until now, despite the
characteristic differences in the airways in asthma, the
assumption had been made that drug deposition,
pulmonary drug absorption, and systemic effects
measured in healthy individuals can predict the outcomes
in people with asthma. Asthma is, however, characterised
by reversible and non-homogeneous airflow obstruction,
leading to ventilation-perfusion mismatch. Several
studies, some by use of three-dimensional imaging
techniques,® have shown that the uniformity of deposition
in the lungs is greater in healthy individuals than in
patients with airway disease. It is suggested that the

narrowing of airways in asthma results in less penetration
of the drug particles and, consequently more central-
airway deposition.” Drug particles, which deposit on the
airways, are more prone to clearance by mucociliary
action than those that deposit in alveoli, which will be
totally absorbed. Therefore, for a drug with a relatively
slow dissolution rate in the lung, such as fluticasone
propionate,® there is more potential for drug depositing in
the airways of patients to be removed from the lung by
mucociliary clearance and swallowed, thereby not giving
rise to a simifar degree of systemic exposure to that seen in
healthy volunteers. For other drugs, the magnitude of the
effect might be less and deserves further investigation.

The positive correlation between the carbon monoxide
transfer coefficient and the systemic bioavailability we saw
suggests that ventilation-perfusion mismatch is important.
This phenomenon was seen in the absence of
pathologically low transfer factors in either group. Given
the potential differences in the pattern of deposition, the
role of carbon monoxide might be confounded by
differences in mucociliary clearance between patients with
asthma and normal individuals.

Relevant pharmacokinetic and pharmacodynamic data
on inhaled corticosteroids with minimum oral
bioavailability can be derived only when appropriate doses
are given for severity of asthma. Studies are needed to
define the factors that influence pulmonary absorption of
inhaled corticosteroids in patients with lung disease. In
severe asthma, even higher inhaled doses might be given
safely, and with more safety than oral corticosteroids.
Patients with asthma should be managed on the minimum
dose of inhaled corticosteroids to control their disease and
this should be regularly reviewed. Combination therapy,
such as with a long-acting B-agonist, might be appropriate
in some patients rather than increasing the dose of inhaled
corticosteroids.
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"Effect of consumption of red wine,
spirits, and beer on serum
homocysteine (413 0475

Martijn S van der Gaag, Johar £ _ton«, Pzx«xz Sillanaukee,
Seppo Nikkari, Henk F J Henarixs

Serum homocysteine increases after moderate consumption
of red wine and spirits, but not after moderate consumption
of beer. Vitamin B, in beer seems to prevent the alcohol-
induced rise in serum homocysteine.
Homocysteine concentrations are affected by lifestyle
factors such as diet—eg, inadequate intake of B
vitamins involved in the homocysteine breakdown.
Alcoholics have raised homocysteine concentrations
that are either caused by low vitamin B intake or
chronic excessive alcohol consumption. Beer is a rich
source of folate and vitamin B,, whereas red wine and
spirits contain negligible amounts of these vitamins.
We postulated that moderate alcohol consumption
could affect homocysteine metabolism, and that these
offects are beverage specific. In a randomised,
diet-controlled, crossover trial,' 11 healthy, non-smoking
men (aged 44-59 years) who were moderate alcohol
drinkers, consumed four glasses of red wine, beer,
o spirits (Dutch gin), or sparkling mineral warter
control) with dinner. Beverages were switched every
3 weeks in a randomised order, according to a Latin
square design. All food and drink was supplied for
12 weeks. The diet, which was essentially the same
during all four periods, contained adequate amounts
»f macronutrients and micronutrients. Alcohol intake
:qualled 40 g daily (with exception of the water
seriod), which did not affect activities of the liver
:nzymes y-glutamyltransferase, alanine aminotransferase,
:nd aspartate aminotransferase. Treatment effects
vere _assessed by analysis of variance, by use of
zeneral  linear modelling, in which homocysteine
measurements were log transformed. No carry-over effects
vere seen.

Homocysteine concentrations were raised after 3 weeks’
:onsumption of red wine and spirits by 8% and 9%,
-zspectively, as compared with water consumption,
~hereas no increase was recorded after beer consumption
table). Such an increase in homocysteine coincides with a
0-20% increase in cardiovascular disease (CVD) risk.?
Jowever, moderate alcohol consumption is associated
¢«ith a lowered CVD risk. The cardioprotective effects of
moderate drinking could exceed the increase in risk by
-igher homocysteine concentrations. Alternatively, slightly
:nd transiently raised homocysteine concentrations might
e beneficial. Homocysteine could act as a mediator of
=ssue repair and as a regulator of blood cells and cells of
ae vascular wall.?

Homocysteine concentrations could rise by inhibition
f its two major breakdown pathways, both dependent on
Z-vitamins. The remethylation pathway depends on folate

Red wine Beer Splrits Water
=zmocysteine (pmol/L) 14.2q** 12:9t1]| 1421t 130t
= ate (nmol/L) 18-4|) 178 16-59§ 183if
=amin By, (pmol/L) 223 218 209 232
3min 8, (nmol/L} 56-5tt 62-91§|| 55-6t% 48-381||

“‘2dian homocysteine concentrations in serum samples. Vitamins have been

~zasured in plasma; different from twater, tbeer, §red wine, ||spirits (p<0-01), and
=m {water, **beer, ttred wine, $fspirits (p<0-02).

#ean blood concentrations of homocysteine,* folate, vitamins
3, and B, after 3 weeks consumption of red wine, beer, spirits
:nd water

Change in homocysteine (%)
m
L
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1
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-10 0 10 20 30 40 50 &0
Change in vitamin Bg (%)

Relation between changes in homocysteine and changes ip
vitamin B, concentrations

Individual changes were computed 0y subtracting outcome after 3 weeky'
consumption of each alcoholic beverage from outcome after 3 weeks’
water consumption and expressed as percentage of outcome after wateg
consumption, per alcoholic beverage.

and vitamin B,,, whereas vitamin B, is essential in the
breakdown via trans-sulphuration.' We assessed beverags
specific effects on plasma values of these vitamins. Ng,
significant differences in vitamin B,, were reported,
A 10% fall in folate occurred after spirits consumption
only (table), and no correlation was found between
changes in homocysteine values and changes in folate
(Pearson correlation coefficient, p=0-99). Plasma vitamia
B,, analysed as pyridoxal-5'-phosphate, was increased
after beer consumption by about 30%. Surprisingly,
vitamin B, concentrations were also higher after intake’#
of wine and spirits—17% and 15%, respectively (table),
Changes in vitamin B, showed a significant inverss
correlation with changes in homocysteine (r=-0-58,;
p=0-0004; figure), suggesting that vitamin B, might be ¢
rate-limiting  factor for hgmocysteine breakdown
after moderate alcohol consumption. Inrterestingly,
prospective data from the Atherosclerosis Risk in:
Communities study suggest that vitamin B, itself isi]
inversely associated with CVD risk, independently of!
homocysteine.’ So, the increase in plasma vitamin B,, as
seen after beer and to a lesser extent after red wine and' >
spirits consumption might even contribute to a lower CVD! *
risk.

This study was funded by the Dutch Foundation for Alcohol Research.
Martijn S van der Gaag died in January, 2000.
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(ehile b wers s Jummen heg e ey i hewtt aasocinted with red
halt in previous cate-control studies, and becnuse they show e
diminished ability to activate cyclic AMP in tansfection
assays,” and on an insertion at codon 179 (ins179), which
results in a predicted premature stop codon and is likely to be
non-functional. Other (pseudo wild~type) variants were treated
as wild type. Detection of & heterozygote effect was sought by
fitting a cumulative proportional odds model by Stara. This
process automatically takes into sccount the ordering in the
response. The effect of genotype was assessed by inclusion of
genotype as a factor in the analysis. Firstly as a linear wend from
wild type through heterozygous to homozygous, and secondly
as the remaining non-linear trend.

Individuals with one variant allele were intermediate with
regard to skin type and the ability to tan after repeated sun
exposure berween those with rwo variant alleles and those
with none of the variants (figure). Analysis for trend from zero
to two variants was highly significant (p<0-001), for both
depth of tanding and skin rype, with little evidence of any
non-linear trend (p=0-844 and p=0-624 for depth of tanning
and skin type, respectively). The odds of having skin type
below any given category were 3}-82 times gremter in
heterozygotes than in individuals with wild-rype alleles (95%
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Transcranlal magnetic stimulation
and audltory halluclnations In
schizophrenla

Raiph E Hoffman, Nashaat N Boutros, Sytvia Hu,
Robert M Barrnan, John H Krystal, Dennis S Chamey

12 p» with hizophrenia nnngqltuw ucinations
lved 1 Hz t i 2 feft
P eortax. (n a doubie-biind crossover trisl, active

d ) relative to sham

CI 2-22-6:59), and 14'6 times greater in h ygotes or
compound heterozygotes than in wild-type individuals
(4:9-43-4). For tanning, the respective odds ratios were 45
for heterozygotes (2:54-7-99) and 20-3 for homozygotes or
compoaund heterozygotes (6-4-63-9).

The identfication of a dosage effect of MC/R variant
alleles on sensitivity to uloaviolet radiation, and the large
attriburable risk for heterozygotes (28% of the swudy

lation were h vgous for Argl42His, ArglSiCys,
ArglGOTxp, or Asp294His variant alleles) suggests that the
MCIR gene is closely associated with variation in the skin’s
response to ultravioler radisrion in most of the population
who do not have red hair. Furthermore, because MCIR
heterozygotes are common, the results suggest that the MC/R
gene is of substantial importance as s susceptibility gene for
sunbum, photoageing, and skin cancer.

Pigmentation is a complex genetc trait, and our results
have tmplications for studies on other complex genetic disease
states. Because 8 large number of loci can affect pigmentation
in mice, and a large number of mre Mendelian disorders
affect pigmentation in man, a2 large number of loci may
mistakenly be assumed to underlie “physiological” differences
in pigmentation within human populations; in this scenario
each locus would contibute, on average, a small fraction
of the overall variance. However, for MCIR, the effect of
one locus in man is substantial, and our results show
lhw Jarge risk ratios can be detected for commuon alleles
where an adequate phenorypic classification of the disease or
trait is available. Such variation is likely to ourweigh the
effect of rare Mendelian disorders on populstion attributable
isk,

Bugenc Healy in a Clinician Scientist of the UK Medical Rescarch Councit
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stimulation.

Auditory hallucinations are reported by 50-70% of patients
with schizophrenia and generally consist of spoken speech or
voices. Response to drug treatment is often incomplete or
non-exi and these hail can cause great distress,
functional disability, and lack of behavioural control.

Sitbersweig and colleagues' desctibed regional brain
activation by use of 'O positron emission tomography when
auditory hallucinstions occurred in  six patiens  with
schizophrenis. Blood flow activaton was detected in left
temporoparietal suditory-linguistic association cortex and in
thalamic, hippocampal, and striatal regions. Low frequency
{1 Hz), extended duration (15-30 min), repetitive transcranial
magnetic stimulation (rTMS) reduces actvation in the brain
area directly stimulated as well as in other Rinctionally
connected brain areas.’® We postulated that low frequency
rTMS delivered to the left temporoparietal cortex would
curtail auditory hallucinatons by reduction of excitability of
dismibuted neurodircuitry that produce these experiences.

12 right-handed patients with auditory hallucinations who
met Diagnostic and Statistical Manual IV (DSM-IV)
diagnostc criteria for schizophrenia {eight paranoid type, four
schizoaffective type; ten men; mean age 41-8 years [SD 8-6})
were included. Educatiou leve! of the participants in grades
was mean 142 (SD }-8); s leve} of 14 grades corresponds to 2
years of college. All patients received antipsychotic drugs and
were maintained on these drugs without change in dose
throughout the smudy perod. Five patients received
wﬂcom\ﬂsmt d.rugs (folr valproate semisodium,
one carl T had daily suditory
hatlucinati w:'Lhouz jssi for st least 6 months.
Auditory hallucinations were either continuous (three) or
intermittent (mne) Each patient had normal routine faboratory
stucdies, el and & hal

Motor threshold was identified as the minimum magnetic
field strength required 10 produce left thenar muscle activaton
by single ranscranial mag imulation pulses deli d 1o
the motor cortex, confirmed by electromyographic
monitoring, for at least four of eight trials. Site and strength of
the motor threshold was redefined each session. | Hz
srimulation at 80% motor threshold was then given midway
between Lhe ieft temporal (T,) and left parietal (P)
elect logram el de sites on the basis of the

intemational 10-20 electrode placement system. Sham
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Change in hallucination scores
|
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=<~ Sham * p<0.03
14 —O— Active t p<0-0001
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Stimulation (min)
Figure 1: Halluetnation severity ratings and rapetitive
In active and sham

stimulation trfals

Data analysed with a random effects model with Dunnett’s criterion 1o
adjust far muitiple comparisons.

stimulation was given at the same locaton, smength, and
frequency with the coil angled 45° away from the skull 1o
induce scalp stimulation but curtailing brain stimulation. A
Cadwell magnetic stimulator system (Cadwell Inc,
Kennewick, WA, USA) with a water-cooled, handheld figure-
eight coil was used to deliver rTMS. Stumulation was initiared
at 4 min for each condition and built up on successive days by
4 min to 16 min on day 4. Psychiatric symptoms were assessed
daily with the Positive and Negative Symptom Scale
(PANSS).

An earlier study showed that factors contributing to severiry
of auditory hallucinatons _varied berween patents (for
instance, frequenicy, loudness, content, number of voices,
emotiona) distress, and Jevel of distraction). Consequently,

auditory hallucinations were assessed with an individuali i,

v CERaant s imebving caiuunitanl i annsidasn) bing=
U2 -4 Patlapin nut insalvig #mil-apvalarnt s

10

2
2 6
o
.
€
g
T
&
5 4
<
T

2

Q

r 1
Sham Active
Repetitive transcranial magnetic stimulation

Figure 2: Ei int audltory severlty for sham
versus active rep i magr

following 12 and 16 minutes of active stimulation bur not for
any duration of sham srimulation (figure 1). In all but one
case, hallucination severity was lower after the active
stimulation sequence than the sham stimulation sequence
(Sgure 2). Endpoint hallucination ratings were anaiysed by use
of 8 repeated measure ANOVA with two addmunal’hchm,
order of sumulation (actve or sham first), and concomitant
meatment  with__anticonvulsant  drugs. ‘Réductions  in
hallucination severity after active comp'\rcd with sham
stimulation were significant (p<0-006), as was the interaction
berween change in hallucination severity and anticonvulsant
drugs (p<0-02) showing reduced reatment effects with thece

drugs (figure 2). No effect of order of stimularion was seen.
Qther positive symptoms and negative symptoms did nor
ch:mge much after rTMS, Follow-up assessmients of the eight
ified as responders (ie, hallucination severity

composite scale. A score of ten corresponded to a narragve
description of the patient's hallucinations at the time of study
entry, with zero corresponding to no hallucinations. For
reassessments the patient produced a seventy rating on the
basis of these individualised anchor points. Higher scotes were
permitted if the padent's hallucination severiry exceeded that
at study initiadon. Trials of active versus sham stimulation

took place on separate wecks with 2~3 davs separating each

trial. Baselinc hallucnation assessments for_each THal were

Jone just before nuagon of each samulaton condition and
reflected the 24 & belore, Resssessments took place the

morming after each of the four rTMS sessions and indicated

overall hallucination severity since the last rTMS session.
Patients, clinical interviewers, and clinical staff were unaware
of simulad diton. Patients rand; d to receive sham
stimulation first received acuve the second week

s

and viceversa.

Bcﬂdes compl:unts of mild headache in two cases after
active stimul: 1 d rTMS withour difficulry.
Mean (SD) baschn: hallucination score was B-5 (2:2) for the
actve rIMS tial and 7-5 (2-6) for the shem rTMS tral.
Symptom improvements relative to baseline were significant

improved for active relative 1o sham simulation by score >1)
indicated that auditory hallucinations returned roughly to
baseline 1 day after the course of active rTMS in two patients,
4 days in two, 5§ davs in one, 2 weekn in one, 3 weeks, and 2
months in one. Left ttmporoparietal cortex, the site of rTMS
in this study, is a bmin area critical in perceiving spoken
speech.’ Qur findings therefore support the hypothesis thay
speech perception neurocircuitry plays a part in the generation
of hallucinated speech.

Not alf patients showed robust improvements in
hallucinations after active r'TMS. One factor contributing to
variable response was concurmrent anticonvulsant  drug
treatment, which seemed to reduce rTMS effects. This
observation suggests that higher levels of signal propagation
are required for rTMS te curtail auditory hallucinations, or
that symptoms prompting administradon of antcanvujsant
drugs (eg, mood labjlity) are negative predictors of rTMS
response. Other factors that might contribute to the variahiliry
of rTMS effects include individual differences in anaromical
location of speech processing areas,' variable location of
cortcal activaton producing auditory hallucinations,’ and
differences in skull-brain relation, and baseline physiology.
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Figure 1: Plasma platinum concentrations of 61 cured
testicular cencer pationts 10-20 years after cisplatin

py and ;0 cured testicular cancer

Circulating plasma platinum more
than 10 years after clsplatin
treatment for testicular cancer

1 A Gietema, M T Meinardi, J Messerschmidt, T Gelevert, F Alt,
O RA Uges, D Th Sleiffer

patients 10-20 yeers after orchidectomy
i of of plalinum (6 pg/g plasma).

median age of the control patients at the time of orchidectomy
was 26 years (18-38 years). The median age at follow-up was
42 years (30-50 years), with a median follow-up duration of
14 years after orchidectomy (i0-20 years). Platinum
concentrations were measured in masked plasma samples by a

We heve shown In patients cured from

cancer that up to 20 years after of

Ini h \ e Ia st
in plasma. This finding may Influence the development of long-
term, treatment-related side-effects.
More than o decades sfter the introduction of dsplatin-
containi h h v for testicular cancer, this
treatment remains one of the few with a high curative potential
in disseminated cancer. The success of this therapy has
resulted in increased survival in patients who have had
testicular cancer. Therefore, the long-term sequelae of
cytostatic teaument, such as cardiovascular problems or
secondary malignancies, is becoming incteasingly relevant.'*
The pathogenesis of the long-rerm sequelae of dsplatin
combination chemotherapy in patients with testicular cancer
has not yet been fully elucidated but it has been associated
with prolonged retention of platinum in the body.

Durting 2 long-term follow-up investigation in 61 testicular-
cancer patients cured with cisplatin  combination
chemotherapy more than 10 years previously, we measured
plasma platinum concentrations using a sensitive assny. The
median age of the paticnts at the time of chemotherapy was 27
yeats (range 17-36 years). The median age at the time of
follow-up investigation was 42 years (30-50 years), with a
median follow-up of 14 years {10-20 years). Patients were
geated with four courses of cisplatin, bleomycin, and
vinblastine or etoposide, every 3 weeks. 17 patients
additionally received maintenance therapy with vinblastine
and cisplatin for 2 maximum of 1 vear. The total amount of
administered cisplatin per patient ranged from 350 to
950 mg/m’ (663-1846 mg). The 44 patients without
maintenance chemotherapy received a mean cisplatin dose of
400 mg/m’ (SD 14; range 350450 mg/m’ (663-987 mg)),
and the 17 patients who also were treated with maintenance
chemotherapy received a mean cisplatin dose of 801 mg/m*
(SD 99, range 600-950 mg/m’ {1191-1846]). Plasma
platinum concentrations in these patients were compared with
those of 20 control patients who were cured from stage 1
testicular cancer by orchidectomy without chemotherapy. The

sensitive procedure during which high-pressure
d 1 of samples is followed by an adsorptive
vol ic * The limit of quantificaton of

platinum was & pg/g plasma. Measurements were done in
duplicate; the coefficient of variation and day-to-day vatiation
were 6% and 5%, respectively.

The platinum concentrations in the plasma of the 61
patients 10-20 years afier dsplatin administraton were
significanty higher then those of the 20 conwol patients
(cisplatin group: mean platinum concentration 649 pg/g
plasma [SD 24-5] vs control group: 18 patients with platinum
concentrations helow the limit of detection and two patients
with platinum concentrations at the limit of detection; Mann-
Whitney U test, p<0-0001; figure 1). Jn all chemotherapy
p the plasma pl concentrations were above the
limit of quantfication, indicating that up to 20 years after

Patients who recelvad
350-450 mg/m2 cisplatin
w1404 . ‘e Patents who recelvad
600-950 mg/m? cisplatin

160+

60

404

20

Platinum concentration

T T T T T T 1

T
8 10 12 14 16 18 20 22
Years after cisplatin chemotherapy
Figure 2: Concentration-time plot of plasma platinum
centrations of 61 cured
years after cl

10-20
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SEXUAL FUNCTION AFTER OOPHORECTOMY
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and 80 percent, respectively.3* These women are com-
monly trcated with estrogen to prevent or ameliorate
hot flashes, vaginal atrophy, 0steoporosis, and R_]cal{[
discase.s Despite estrogen therapy, many surg1c’a_ y
postmenopausal women bave decreased s.cxualdduswc-
(libido), activity, and pleasures® and a decrease gEn
eral sense of well-being? These symptoms arc¢ bes
lieved to result from the lack of ovarian androgen
pr[{su:[::\;lc.iy of women in whom menopause had
been induced by surgery, high doses of testosterone
enanthate, given by intramuscplar injection aloncv or
in combination with estrogen, increased sexual desire,
fantasies, and arousal more than placebo or estrogen
alonc.® In another study, therapy with testosterone
and estradiol implants increased sexual activity, sat-
isfaction, and pleasure and the frequency of org.\smf
more than estradiol alone.1® However, the doses o
testosterone enanthate were supraphyslploglc, and in
both studies the investigators knew which treatments
the women received. 8191 We undertook this study
to determine the efficacy and safety of physiologic
doses of testosteronc, administered tran;dcrmally, in
women who had impaired sexual function after sur-
gically induced menopause.

METHODS

ABSTRACT ‘

Background The ovaries provi_de approximately
half the circulating testosterone tn premenopausal
women. After bilateral oophorectomy, many women
report impaired sexual functioning despite estrogenI
replacement. We evaluated the ejfect; of transderma

testosterone in women who had impaired sexual func-
tion after surgically induced menopause.

Methods Seventy-five women, 31 to 56 years old,
who had undergone oophorectomy and hysterectom;
received conjugated equine estrogens (at least 0.62
mg per day orally) and, in random order, placebo,
150 pg of testosterone, and 300 of testosterons
per day transdermally for 1Z weellés_ each, Outcome
measures included scores on the Brief Index of Sex-
ual Functioning for Women, the Psychological Gen-

erai Weli-Being index, and a sexual-function diary
completed over the telephone.
“Resuits The mean (£5D) serum free testosterons
concentration increased from 1.2+0.8 pg per milliliter
(4.2+2.8 pmol per liter} during placebo treat'ment tg
3.9+2.4 pg per milliliter (13.5+8.3 pmol per lgter) :n
5.9+4.8 pg per millilitar {20.5+16.6 pmol per liter) dur-
ing treatment with 150 and 300 w.g of testosterone p.ell:
day, respectively {normal range, 1.3 10.6.8 pg per mi -
liliter {4.5 to 23.6 pmol per Ihgr]). Despite an apprsma
ble placebo response, the hlgher testasterone dose
resuited in further increases in scores fOf frequen.c);
of sexual activity and pleasure-orgasm in the Brfle
Index of Sexual Functioning for Women (.P=0A03 or
both comparisons with placebo). At the higher dqse,
the percentages of women who hqd sexual fantasies,
masturbated, or engaged in sexual intercourse at least
once a week increased two to three times from bas;
line. The positive-well-being, deprgssed-mood,\;r\"‘
compbsite scores of the Psycho|ognca| Genergl_of34
Being Index also improved at t|:|e higher dose (P=0.04,
pP=0.03, and P=0.04, respectively, for the compari-
son with placebo), but the scores on the telephone-
based diary did not increase significantly.
Conclusions In women who have undergone 00-
phorectomy and hysterectomy, transdermal tes.l_os—l
terone improves sexual function and psychologica
well-being. (N Engl J Med 2000;343:682-8.)
©2000, Massachuselts Madical Society.

Study Subjacts

died 75 healthy women, 31 to 56 years old, at nine clin-
icavlv:i(scrsum the United é(alu. All had undc;gonc b;]latcral salpnsr:
go-oophorectomy and hysterectomy before na‘(urMm::n;sp::un;
at lcast } year but not more than 10 years carlicr. , al At
testosterone concentrations of less than 30 ng per deci 1(:rr l:‘ss
nmol per liter) or scrum free testosteronc vconccn}(‘ria.:ons: ‘Lclow
than 3.5 pg per millilicer {12.1 pmol per liter), whid| grdumnc
the median values for normal premenopausal womcnh( dn serine
Sciences, Calabasas Hills, Calif). A.ll' of the \\'omcln aO 2:;5 e
conjugated equine estrogens at a daily dose of at least 0. g

S —

i i i synecology Service, De-
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¢ ndocrine - Salt Lake City (R.E.B.); the Center
Endocrinology, Cleveland (G.PR); Sal ! o
) ici igham and Women’s Hospital, Boston (E.5G);
Reproductive Medicine, Brigham and M B
artment of Dsychiatry, University of Mee icine an d '
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ini h, Watson Laboratories— ,
and the Department of Clinical Rescarch, W: o i 2t
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Other authors were Kirtley P. Joncs, M.D. (Deprru : o s) s
and Gynccology, University of Utah M;dncal_ Center, Salt La'c iy),
Claire A. Daugherty, M.S. (Ancsta Corporation, Salt Lake Ciry).

N premenapausal women, the rate of produc-
tion of testosterone is about 300 ug (1040 nmotl)
per day,' of which about half is derived from2
the ovaries and half from the adrenal glands.
1n women who undergo bitateral oophorectomy be-
fore natural menopause, serum testosterone and es-
tradiol concentrations decrease by approximately 50

682 - Scptember 7, 2000

orally o st least two months, had been in a atable, monogamous,
heterosexual relationship for ac least one year, and had a body-
mass index (the weight in kilograms divided by the square of the
height in meters) between 19.5 and 33.5. All were considered to
have impaired sexual function on the basis of their atfirmative an-
swers to the following three questions: “At any time before sur-
gery would you have characterized your sex life as active and sat-
isfying?” “Sincc your surgery has your sex life bccome less active
or less satisfying?™ and “Would you prefer your sex lifc to be more
active or more satisfying than it is now?”

Before enrollment the women completed the Brief Index of
Sexual Functioning for Women, ' a 22-item, multiple-choice ques-
tionnaire that provides scores pertaining to aspects of female sexu-
aliJ'_((houng(s—dcsirc, arousal, frequency of scxual activiry, recep-
tivity—initiation, pleasure—orgasm, relationship sausfaction, and
problems affecting sexual function) and a composite score, rangin
from ~16 (poor function) to +75 (maximal éncd@.” To qualify
for the study, the women were required to have a composite score
of less than 33.6, which is the mean value for normal women.!
Women were excluded if they had received oral, topical, or vaginal
androgen therapy in the previous three months or injectable or
implantable androgen therapy in the previous six months; if they
had more than 20 moderate or severe hot flashes per weck, severe
acne (grade 3 on the scale of Ialatsi et al.#), modcrate or severe hir-
sutism (score of 6 or more on the scale of Lorenzo'®), hyperlipi-
demia, psychiatric iliness, dyspareunia, or physical limirations that
interfered with normal sexual functioning; or if they were taking
glucocorticoids, selective serotonin-reuptake inhibitors, tricyclic an-
tidepressants, antiandrogen agents, ginseng, yohimbine, phytoestro-
gens, dehydroepiandrosterone, or melatonin. The protocol was ap-
proved by the institutional review boards or cthics committees at
all sites, and ali the women gave written informed consent.

Study Design

After screcning and a 4-wecek base-line period, the women be-
gan threc consccutive 12-week treatment periods during which
they reccived, in random order, the following regimens of trans-
dermal patches applied twice weekly: nwo placebo patches (no ac-
tive drug), one active and one placebo Ea(%(—nominal dose of tes-
tasterone, 150 ug per day), _ais__r_vxu active patches (nominal dosc
of testosterone, 300 ug per day) (where the nominal dose is the
amount of drug that will be absorbed by a person with average skin
permeability during the application time). Neither the women nor
the investigators knew the contents of the patches. Throughout
the study, including the base-line period, the women received con-
comitant oral conjugated cquine estrogens at their prestudy doses.
The identical-appearing experimental patches (Watson Laborato-
ries, Salt Lake City) were applicd on the abdomen and were changed
every three to four days.1ed?

Sarum Hormone Messuraments

Scrum free testosterone, bioavailable testosterone, total testos-
terone, dihydrotestosterone, and sex hormone-binding globulin
were measured at base line and at weeks 4, 8, and 12 of cach treat-
ment period. Serum dehydroeptandrosterone sulfate, estradiol, es-
trone, luteinizing hornione, and follicle-stimulating hormone were
measured at base line and at week 12 of cach treatment period.
Hormone assays were performed by Endocrine Sciences, Calaba-
sas Hills, California.!?

Evaluation of Sexual Function and Mood

Evaluation by means of the Brief Index of Sexual Functioning
for Women was repeated at the ¢nd of the basc-line period and at
week 12 of each treatment period. The scores are expressed here
as a percentage of the mean values derived from a previous study
of 187 normal women between the ages of 20 and 55 years who
had regular sexual partners.?

- A telephone-based diary was also used to assess the frequencies
of sexual thoughs, desires, and activitics on a daily basis for 28 days
during the base-line period and for the last 28 days of cach treat-

went period. The women called a volt free tedephone numbo
responded to a serics of recorded questions by using, the wlephone
keypad. An overall frequency index was calculated as the sum ol
the frequencies of sexual thoughts, desires, and activitics during
the 28-day period.

Mood was assessed with the Psychological General Welt-Being
Index, a validated 22-item, multiple-choice questionnaire'™ that has
been used in previous studics of postmcnopausal women.* ™ The
Psychological General Well-Being Index provides scores for vital-
ity, scif-control, well-being, general heatth, depressed mood, and
anxicty and a composite scorc that ranges from 0 (most negative
affective experience) to 110 (most positive afective expericnce) 18

Evaluation of Safety

Scores for hirsurism on the scale of Lorenza (possible range, 0w
20, with higher scares indicating greater hirsurism),'s scores for
acne on the scale of Palatsi ¢t al. gpossible range, 0 1o 3, with high
¢r scores indicating morc acne),™ facial-depilation rate (the num
ber of times in the previous month thar hair was removed from the
chin or upper lip), serum lipid concentrations, fasting serum glu
cose concentrarions, scrum insulin concentrations, blood counts,
indicators of liver function, and frequency of hot flashes w -
termined at base line and at the end of each treatment periad. ol-
erance of the skin to the transdermal systems and the occurrence
of adverse events were recorded throughout the study.

Statistical Analysis

The primary cfticacy end points were the conposite
the Brief Tndex of Sexual Finctioning for Wa an
frequency index from the tclephon,
points included the scores fos thv various dime
Index of Sexual Functioning for Women and
ores the Psychological B Inddex.
n-to-treat analysis was performed on data from all the
women who completed the Bricf Index of Sexual Funcrioning for
Waomen at least once during treatment. I squares
responding to cach treatment were estimated by a repeated-meas
ures analysis of varfance, with terms for_period, sequénc
carryover cffects (persistent cffects from the preceding tredtm
period)incladed in the model. 2 Pairwisc comparisons of values
for each active dose with those for placebo {with base-line val s
subtracted) were performed with t-teses bused on analysis of vari-
ance. On the basis of the catcgorical responses ro question 7 of the
Brief Index of Sexual Functoning for Women, 1214 the pereentages
of women who reported having sexual [antasics, masrurbaring, or
engaging in sexual intercourse at least once a week were estimated
for descriptive purposes. In a post hoc analysis, compasite and di-
mension scores on the Brief Index of Sexual Functioning for Wom-
en were analyzed for the subgroups of women who were less than
48 years old (the median age of the cnrolled population) and those
who were 48 or older. Serum hormone values during, cach rrea-
ment period were averaged and compared by analysis af vartance

ore on

RESULTS

Seventy-five wonien were enrolled in the study and
received at least one dose of transdermal study med-
ication. The base-line characteristics of these 75 wom-
en are shown in Table L. Eighteen women withdrew
or were withdrawn from the study because of adverse
events (three while recciving placebo, one while re-
ceiving 150 ug of testosterone per day, and two while
receiving 300 pg of testosterone per day), poor com-
pliance with the telephone diary (six women), or
personal reasons (six women). Sixty-five women who
had at least one evaluation for efficacy during treat-
ment were included in the intention-to-treat analy-
ses of scores on the Bricf Index of Sexual Function-
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TABE 1. Bask-LINE CHARA
oF THE 75 WOMEN.

CHARACTERIS NC VawE
Age -~ v

Mcan 47

Range 31-56
Bondy-mass index

Mean 258

Range 19.5-33.5
Race or ethnic group — 1o (%}

White 62 (83)

Blavk 8(11)

Hispanic 4(5)

Asian 1
Years sce oophorectomy and hysterectomy

Mcan 4.7

Range 1-10
Marital saatus — no. (%)

Married 66 (88)

Cohabiting 7(9)

Single, not cohabiting 2(3)
Daose of conjugated equine estrogens — 0. (%)

0.625 mg /day 41 (55)

0.9 mg/day 12 (16)

1.25 mg/day 20 (27)

1.8 mg/day 1(1)

2.5 mg/day 1(1)
Previous androgen therapy — no- (%)

Yes 23 (31)

No 52 (69)

e e

ing for Women, the telephone-based diary, and the
Psychological General Well-Being Index.

Sarum Hormone Concentrations

The mean scrum concentrations of free and bio-
available testosterone remained at low or low-normal
values during placebo treatment, increased to mid-
normal values during treatment with 150 ug of testos-
terone per day, and increased to high-normal values
during treatment with 300 pg of testosterone per day
(Table 2). The mean serum concentrations of total
testosterone and dihydrotestosterone also increased
and cxceeded the respective normal ranges during
treatment with 300 ug of testosterone per day. The
mean serum concentration of sex hormone-binding
globulin was high at base line because the women were
taking oral conjugated equine estrogens and decreased
slightly during testosterone treatment. The serum con-
centrations of del rdroepiandrosterone sulfate, estrone,
estradiol, luteinizing hormone, and follicle-stimulat-
ing hormone did not change significantly during
treatment.

Effects on Sexua! Function and Mood

The mean (£SD) composite score on the Brief In-
dex of Sexual Functioning for Women, expressed as
a percentage of the mean value for normal women,}?
increased from 52:+27 pereent at basc line to 72+38
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percent during placebo treaument, 74 £ 37 percemt
during treatment with 150 pg of testosterone per day,
and 8137 percent during treatment with 300 ug of
testosterone per day (P=0.05 for the comparison with
placebo) (Table 3). The scores for thoughts—desire,
frequency of sexual activity, and pleasure~orgasm were
Jowest at base linc and increased in a dose-depend-
ent fashion. With the testosteronc dose of 300 pg
per day, the increases in scores for frequency of sex-
ual activity and pleasurc—orgasm were significantly
greater than those with placebo (P=0.03 for both
comparisons). The scorc for problems affecting sex-
ual funcrion was 116x48 percent of the normative
mean at base line and decreased to 98+49 percent
during treatment with 300 ug of testosteronc per
day (P=0.07 for the comparison with placebo).

To illustrate how the prevalence of particular types
of sexual behavior varied during treatment, the fol-
lowing descriptive statistics were derived from the
Brief Index of Sexual Functioning for Women. The
percentage of women who reported having sexual
fantasies at least once a week was 12 percent at base
line, 10 percent during placebo treatment, 18 per-
cent during treatment with 150 pg of testosterone per
day, and 24 percent during treatment with 300 pg
of testosterone per day. The percentage of women
who reported masturbating at least once 3 week was
3 percent at basc line, 5 percent during placebo treat-
ment, and 10 percent during treatment with cither
150 or 300 pg of testosterone per day. Finally, the
percentage of women who engaged in sexual inter-
course at least once a week was 23 percent at base
line, 35 percent during treatment with either placebo
or 150 ug of testosterone per day, and 41 percent
during treatment with 300 ug-of testosterone per day.

Compliance with the 28-day telephone-based di-
ary was problematic and led to the withdrawal of six
women. Missing calls averaged about four per month
(14 percent of the data). The mean overall frequency
index of sexual thoughts, desires, and activitics was
13+12 events per month at basé line and increased
similarly by 5*12 events per month during treat-
ment with placebo, 7+13 events per month during
treatment with 150 pg of testosteronc per day, and
6+13 events per month during treatment with 300
ug of testosteronc per day. Although this index is
less sensitive to treatment cffects than the Brief In-
dex of Sexual Functioning for Women, the changes
in the overall frequency index of the telephone-
based diary correlated significantly with the changes
in the composite score on the Bricf Index of Sexual
Functioning for Women (r=0.54 for placebo; r=0.66
for 150 ug of testosterone per day; r=0.58 for 300
ug of testosterone per day; P<0.001 for all regi-
mens). On the basis of the analysis-of-variance mod-
els used to analyze these primary outcome measures,
there were no statistically significant cffects of the
treatment period, sequence, or Carryover.

i . .

TasLE 2. MF. SE :
h:;A;A(;SID).ShRUM HoORMONE CONCENTRATIONS IN THE WUMEN
SE LINE AND DURING EACH TREATMENT PERIOD.* .

T150 g OF 300 ug oF
HoAamonet Base Line PLaceso “::«‘B!:vo " T“rr:t:::vo " l':umvu:
ANGE
Free testosterone (|
' : pg/ml) 11207 2+0.8 39+
Bioavailable tescostcrone 2.0x14 2.2*13 7.l :2.45 e P
P .2x1. Ax41§ 11.4+9.5§ 1.6-127
'lu.lul testosterone (ng/dl) 211 22*12 64+ 25§ 102%
Dihydrotestosterone 7.6x4.0 84248 17, 3:7 o 20
bydroe 87.0§ 27.7£10.6§  4.4-20.4

Sex hormtone - bindin,
" g 210+112
glohulin (nniol /kirer) el

205+107% 204+ 100§ 36-185
Dchydroepiandrosterone 61x34 )

sulfate (g /dl) 6034 5833 57+ 34 60-255
Eswrone (pg/ml) 148+
+114  130%133  143=110
- + 1462
‘i-‘trfd'_ul_ (pg/ml) 36222 40%57 42227 4:’::: 32-159
utcinizing hormone 3382168 318162 30.5:14 o 34-225
(mIU/ml) 5:14.8 299+16.0 04-7.4
Follicie-stimulating hor- 427+
722,
mone (m1U/mi) 28 4142210 39.0£204 3822209  17-7

*Scventy women with at least onc hormone assessine ent were includ n

h ! this
mo . . N

. .l h t during treatment luded hi

1To convert val it N the study.
. ues for free testosterc i i
for total and bicavailabl one to picomoles per liter, muliply by 3.467; 1o convent values

R m les per liter, multiply by 0.03467;

\ " " f 'y y by 0. 7; to co 3
o hy Herone :: . L per II!Icr, mult_lply by 0.03444; to convert values f::;étr;;:;s
Rimmo[ﬂ e g E:\:j ;lcr, multiply by 0.02714; to convert values for eserone 1o
i 3 0 convert values for estradiol 1o picomoles per liter, mul-

$The normal n premen al women are from E rinc Scicnces, 5 .
. | ranges in premenopaus: i
p v Endocrine Scie , Calabasas Hills, Cal

§P<0.001 for the comparison with placeba.
{P=0.002 for the comparison with placebo.

TasLe 3. MEAN (% ¢
e 3 Expm(s;s[:g ﬁcon}s.s ?N THE BRIEF INDEX OF SEXUAL FUNCTIONING FOR
5 3 ERCENTAGES OF THE MEAN VALUES IN NORMAL WOMEN.*

160 ug of 300 ug of

D o

IMENSION Bass Ling Puaceso T“r::«sg::" ) TES::EBERON!
R Day
Composite score
52227 72x38

oy ¢ suo B4 74x37
o ﬂugllm desire 48x31 6740 72x40 g;fizt

ousal :

' 58*3}) B8O x4! x
Frequency of sexual activity 41%31 53*4[1) 73?‘0 b4=50
Receptivity—initiation 68+33 HY:W :2_32 bress
Ple: - * s : :

kﬂ!%ll't (Trgum 48x42 65+53 70:52 vats
Relationship sacisfaction 73£33 82+32 86_3 ey

s 3z * *
Problems affecting sexual function 116x48 10849 97*4; oress
E * 9849

“Sixry-five wo i
men from the intention-to- i i
ntion-to-treat analysis were included in this analysis. Values are ex-

pressed as percentages of the mean i
5 values in normal we i
provsed as perce L of omen with partners, which were as ol
nos < I Tollows?
Seaponte s 33 E_, rfl;:::;‘ dcsu:c,_ 5'3. - arousal, 8.1; frcquency, 3.9; receptivity —initiation. F;v;
B v x5 z ship u]nslacuon, 8.9, and problems, 4.5 All wonen reccived cx‘m" !
_ the study. L i
Bared squine esio gh y. quares mecan values were estimated by ‘s
of variance, crms for period, sequence, and carryover effecrs included in th d ¢ ""-ﬂ.\-"‘
rctea) ;nr]npanlmm berween the values dnring {with 1 . "‘1'" P
and the values during placeb i e values b
0 treatment {with base-line val .“
o s ues subtracted).

{P=0.03.
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; terone per day, and 5*14 during trecatment with

The mean composite score on the Psychological ft
General Well-Being Index was 78+15 at base line i
and increased by 114 during treatment with place- |
bo, 2214 during treatment with 150 pg of testos-

300 pg of testosterone per day (P=0.04 tor the com-
parison with placebo) (Table 4). There also were in-
creases with testosterone treatment (indicative of im-
proved mood) on the vitality, positive-well-being,
depressed-mood, and anxiety subscales, which were
significant at a dose of testosterone of 300 pg per day
for positive well-being and depressed mood (P=0.04
and P=0.03 for the respective comparisons with
placebo).

A post hoc analysis of the influence of age on the
scores on the Briel index of Sexual Functioning for
Women was pertormed by comparing the subgroups
of women under the median age of 48 years (31 wom-
en) with those 48 years of age or older (34 women).
At base line, the mean vomposite score was 50+28
pereent in the younger women and 53227 percent
in the older women. During placebo treatment, the
composite score increased to 80+42 pereent in the
younger women, and there was no further improve-
ment during testosterone treatment. 1n the older
womcn, the composite score increased to 6336 per-
cent during placebo treatment, 76+ 37 percent dur-
ing treatment with £50 pg of testosterone per day
(P=0.03 for the comparison with placebo), and 81+
38 percent during treatment with 300 pg of testos-
terone per day (P=0.003 for the comparison with
placebo). The serum tree testosterone concentrations
were similar ar base line and during treatment in both
subgroups.

Safety

The hirsutism and acne scores did not change sig-
nificantly during treatment (Table 5). ‘The mean fa-
cial-depilation rare increased shightly during treatment
with 300 pg of testosterone per day. The frequency
of modgrate or severe hot flashes averaged less than
two per week at base line and was unaffected by tes-
tostcrone treatment. The transdermal systems were
well tolerated, with only one woman withdrawing be-
cause of a skin reaction caused by the placebo patch-
es. Five serious adverse events occurred during the
study. Four of these events (acute abdominal pain,
angioplasty, bowel surgery, and a vasovagal cpisode)
were considered 1o be unrelated to treatment; one
(depression in a woman during placebo treatment) was
considered to be possibly related. Treatment-related
adverse events led four women to withdraw from the
study (two who became anxious or agitated while re-

ceiving testosterone, one who had recurrence of a pink
nipple discharge while receiving testosterone, and one
with an application-site rcaction). Transderma tes-
tosterone treatment had no significant effects on the
scrum concentrations of total cholesterol, high-den-
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TasLE 4. MEAN {25D) SCORES ON THE PSYCHOLOGICAL GENERAL
WELL-BEING INDEX.*

CHANGE WITH  CHANGE WiTH

Cuange 150 ug of 300 ug oF
Base wWiH  TESTOSTERONE TESTOSTERONE

INoEx Scatet Une  Puaceso  per Day PER Day
Compuosite score 78%15 114 2x14 Sx143
Anxicty 1744 x4 04 124
Depressed mood 1242 0x2 0x2 12§
General health 1222 0x2 0x2 022
Posivive well-being 1223 03 13 2x3¢
Sell-control 1243 0£2 1£2 02
Virality 1224 Uz¢ 124 124

*Sixty-five women from the intention-to-treat analysis were included in
this analysis. All the women reccived conjugated equine estrogens through-
out the stdy. Least-squarcs mean changes fram base line were estimared
by analysis of variance, with terms for perind, sequence, and casryover ef
feets included in the modcl. P values arc for the comparisons berween
changes from base line during testosterone trearment and changes from
hasc line during placebo creatment.

tT'he range of possible scores is as fullows: composite scorc, 0-110; anx-
iery, 0-25; depressed mood, 0~15; general health, 0-15; positive well-
being, 0~20; self-control, 0-15; and vitality, U -20.9% For all scales, lower
scores indicate a more negative affective experience and higher scores indi-
care a more positive affective experience,

1P=0.04.

§P=0.03.

sity lipoprotein cholesterol, low-density lipoprotein
cholesterol, triglycerides, or fasting glucose or insulin;
blood counts; or the results of liver-function tests
(Table 5).

DISCUSSION

The women in this study had no ovarian andro-
gen production and therefore had low serum con-
centrations of free and bioavailable testosterone at
base linc. Thesc concentrations increased to the mid-
normal and high-normal ranges, respectively, during
transdermal treatment with 150 and 300 pg of tes-
tosterone per day. The supraphysiologic elevations in
serum total testosterone and dihydrotestosterone at
the higher dose were a consequence of the concom-
itant oral estrogen therapy, which raises serum con-
centrations of sex hormone-binding globulin?' and
reduces the clearance of androgens.?2.22 Serum estro-
gen concentrations did nor change significantly during
transdermal testosterone administration, indicating
that aromatizarion of testosterone to estradiol? was
minimal at the doses given.

Although they were receiving standard estrogen-
replacement therapy, the base-line sexual function of
the women was markedly impaired in comparison
with that of nortnal women of similar age, as reflected
by scores an the Brief Index of Sexual Functioning
for Women.!* The dimensions of thoughts—desire,

TABLE B. Mean (£8D} Crnics

Measunet

Base Line
Androgenic skin efects
; B ) . Hirsutism scorc§ lex]7
Acne scorey 0.03x0,2
; Facial depilation] 0513
K Scrum lipids (mg/di) o
Total cholesterol 214231
, HDL cholesterol 70215
; LDL cholesterol 117226
Hematocric (%) 195526

Liver function
Serum aspartate aminotrans-  20+5

ferase {Utitery
crum y-glutamyleransfe {
e y crase 2013
Serum albumin {grdl) 43203

Sixty-seven women with at feast one a
Al the women regej

tHDL denotes bi
chalesterol 1o micro

normal ranges were nor availabie,

$Hirsutism was measured by th
§H e scal
dicating greater hirsutism )18 Y st ofto

1Acn: Wias measured by the scale of |
cating more acnej,u

lI¥acial depilation was Mcasured on an index
**P=0.04 for the comparison wich base [

arousal, frequency of sexual activity, and pleasure—
- Although sexual func-

with 3{00 ug of testosterone per day was associated
with significantly greater improvement, a
We can only speculate a5 10 the origin of the stron
placebo response in our study, why it was greater ir%
the younger women, and why it tended to mask fur-
ther effects of testosterone. As z condition ofcnro]l;-
lr‘ncnt, all the women in our study wanted their sex
ives to .bc more active or satisfying. Participating in
th_c clinical trial may have facilitated communic g
within couples. In additio o of

n, the visible presence of
|;hc transdermal patches (active or placebo) might have
been a simulus to some

> women or their partners to
;ln;rcbasc sexual activity. Because the younger women
' a 13)ccn in shorter relationships than the older wom
: R
e l( vs. 18 years), they may have felr greater pressure
mprove their sexual functioning, Finally, despite

cebo response or caused “
Plcs who altered their pat
in the study and then m

ceiling effects” in some coy-
terns of sexual activity early
antained the new patterns,

T TITILIMPAINEN BENAY FUNLYIIN AFIRN OUFIOREL

AL AND BIOCHEMICAL MEASURES AT Bas
AND DURING TREATMENT WITH TRANSDERMAL T ERONE Tt

ssessment during treatmient were | odi i .
: ] ere include 3 i
ved conjugated equinc estrogens throughout the study. < in this ana

igh-densiry _Iipopmt:in, and L., fow-
moles per liter, multiply by 0,026,
$The normal ranges are from Mayo Medical |

alawsi et al. (possible range, 0 to 3, with higher scores

oMy

A k. LINE
OSTERONE PaTCrigs. *

Tlsa,ug or 300 ug or
ESTOSTEHONE TESTOSTERONE  Noam,
Puaceso PER Day PER Day qu::
ldat1s 1315 1.4
x5 4x1.4 N.
0.05x9.2 0.0220.2 0.08x0.3 N:
08*16 0718 l4x4.0% NA
22i*36 220x39 221x34 134-253
7318 71217 0817 34-gg
121536 12239 123+33 72-164
394+24 39.4x25 397424~ 349-4458
198 19x§ 9=x5 12-3]
19211 1728 19x14 6-29
4.220.3 4.2+0.3 4.2x04 3.5-5.0

deasity lipoprotein. To, convert values for
Laboratorics, Rachester, Minnesora. NA indicates that
renzo (possible range, 0 o 20, with highcr scores in-

ndi-

ranging from 0 to 28 rimes per month.

inc.

_ In contrast to the Brief Index of Sexual Function-
ing for Women, the 28-day tclephone-based diary
was !css sensitive to treatment effects, and missed re.
porting ‘.days were a problem. These results are con-
sistent with those of a recent methodologic study in
which thc required daily telephone reporting of sex-
ual activity met with poor compliance,2s .

[n regard o psycholagical status, testosterone re-
placement had a beneficial etfect on well-being and
depressed mood. The differences in the scores on
Psychological General Well-Being Index bt‘t\\‘
placebo and testosterone ‘

the
L Being een the
I iods i P are s
ilar 1o the differences in s}corcs bLlr]»:',:lrn“v:lg;g: \S\I'If:]
received estrogen alone after hystercctomy and bihl(-)
eral 00pl1or;c[omy and women who underwent h\"S-
terectomy without oophorectomy9 As expected, the
serum free testosterone concentrations were hl‘ h
in t‘l_1c women with intact ovarjes.s e
I-u?ally, transdermal testosterone was not associat-

ed with clinically important changes in acne ‘hirsut»
ism, E)r_labqratnry»tcst results, nor did it nc,.lrc>[hc
beneficial effects of oral csrmgcn—rcpl.\ccmc%u ther-
apy on hpt flashes and serum cancentrations of high-
density lipoprotein cholesterol. . &

In su J i
mmary, treatment with transdermal testoster-
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