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Introduccio
1.1.Definici6 i epidemiologia de I'obesitat

L’obesitat és una malaltia cronica que es defineix per I'excés de pes a causa de
'acumulacio de greix, respecte al que correspondria per la talla, edat i sexe.

Els canvis d'estil de vida i d'alimentacié estan causant un augment de
l'obesitat tant en paisos industrialitzats com en aquells en vies de
desenvolupament. Actualment a nivell mundial un 13,8% de les dones i un
9,8% dels homes presenten criteris d’obesitat, el que representa el doble de fa
25 anys (1). Aix0 juntament amb un augment preocupant de I'obesitat infantil ha
provocat que actualment es consideri la principal epidemia del segle XXI (2). A
Espanya s’estima que un 39,4% de la poblaci6é presenta sobrepés, un 22,9% té
un IMC >30Kg/m? i que un 1,2% compleixen criteris d’obesitat greu (IMC
>40Kg/m) (2, 3). La prevalenca d'obesitat augmenta progressivament amb
I'edat, de forma que a Espanya la presenten un 35% de les persones majors de
65 anys. Es també més frequient en homes, excepte en els grups d’edat més
avancada en que predomina en dones. En els paisos en vies de
desenvolupament és meés prevalent en entorns urbans i en classes socials
altes, en canvi en paisos en desenvolupats €s més frequent en arees rurals, en
classes socials baixes i enpersones amb un menor nivells d’estudis (2, 3).

A més a meés dels problemes estetics i socials que condiciona, I'obesitat
greu s'associa a una major prevalenca de factors de risc cardiovascular com la
hipertensio arterial, la diabetis mellitus tipus 2 (DM2) o la dislipémia (4). Pero a
més a més, cada cop hi ha més evidencies sobre l'associacié amb altres
malalties com la sindrome d'apnees obstructives de la sén o certs cancers com

el de colon o els ginecologics (5). Aixd condiciona un major risc de
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desenvolupar malalties cardiovasculars (4) i una major mortalitat principalment
d’origen cardiovascular (6).

Es important remarcar els costos associats a I'obesitat. Comparats amb
aquells amb un pes normal, els subjectes amb obesitat consumeixen més
farmacs, requereixen més dies d’hospitalitzaci6 i visites ambulatories, i se’ls
adjudica amb més frequéncia una invalidesa (7). S’ha estimat que els costos
anuals en persones amb un IMC >35Kg/m? poden ser un 44% superiors a

aquells subjectes amb un IMC normal (8).

1.2. La cirurgia bariatrica com a tractament de I'obesitat

La cirurgia bariatrica és un dels tractaments d’eleccié de I'obesitat greu.
Aixo0 es veu reflectit en un augment progressiu del numero d’intervencions. En
aguest sentit, a Catalunya es va passar de 51 intervencions l'any 1996 a 544
I'any 2003 (9). El tractament convencional de I'obesitat, consistent en canvis de
I'estil de vida, té una eficacia limitada. Produeix un maxim de pérdua de pes de
entre el 3 i el 6% als 12 mesos, amb una posterior recuperacio ponderal
progressiva (10). En canvi la cirurgia bariatrica s'ha establert com una opcio
terapeutica eficag com a tractament de I'obesitat greu. Aixi, després d'un
bypass gastric en Y de Roux laparoscopic (BGYRL) s’aconsegueixen péerdues
de pes maximes als 12 mesos al voltant del 30%. Posteriorment s’observa una
lleu recuperacio de pes, mantenint-se eficag a llarg termini (11).

Tot i aix0, els beneficis de la cirurgia bariatrica van més enlla de la
pérdua de pes. Mdltiples estudis han demostrat que és capac de millorar les

comorbiditats associades a la obesitat, fins al punt de que aquestes entrin en
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remissié (entées com a normalitzaci6 dels parametres que defineixen la
comorbiditat, sense necessitat de medicacio especifica) (12). Aixo condiciona
gue a més a més, la cirurgia bariatrica s'associi a una disminucié de la

mortalitat del 29% a 10 anys (11).

1.3.Tecniques de cirurgia bariatrica

Les técniques de cirurgia bariatrica es classifiquen segons el mecanisme
per perdre pes en restrictives, malabsortives o mixtes. Les tecniques
restrictives com la banda gastrica ajustable laparoscopica o la gastroplastia
vertical anellada, disminueixen la capacitat de I'estbmac amb la consequent
reduccio de la ingesta alimentaria. Les tecniques malabsortives com la
derivacié biliopancreatica escurcen la longitud de l'intesti, disminuint I'absorcié
de nutrients. El bypass gastric en Y de Roux laparoscopic (BGYRL) és una
tecnica mixta que combina la restriccié gastrica mitjancant una gastroplastia i la

malabsorcié mitjancant el bypass del duode i la part proximal de jeju.

L’eficacia sobre el pes i les comorbiditats, a més a més del risc operatori,
varia entre les tecniques com es despren del metanalisis de Buchwald et al
(12). Aquest va analitzar I'any 2004 les dades publicades de 136 estudis amb

un total de 22094 pacients inclosos.
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Banda Gastroplas- Bypass Derivacio

gastrica tia vertical gastricen Y | biliopancrea-

ajustable en anell de Roux tica

Percentatge de pérdua de 48 68 62 72

I'excés de pes

Remissio de la diabetis 48 72 84 98

mellitus tipus 2 (%)

Remissié de la hipertensié 28 73 75 81

arterial (%)

Milloria de la dislipémia 71 81 94 100
(%)
Mortalitat operatoria (%) 0,1 0,1 0,5 11

Resultats del metanalisis de Buchwald et al (12).

Les técniques malabsortives sén les que produeixen majors pérdues
ponderals i més mantingudes, perd amb una major mortalitat perioperatoria i un
major risc de deficits nutricionals (11, 13). En canvi el BGYRL és la tecnica que
ofereix un millor equilibri entre eficacia i efectes adversos, per la qual cosa s'ha
convertit en la técnica de referencia i la més utilitzada (14). Existeix una relacié
directa entre el grau de malabsorcid que produeix la técnica quirargica i la
pérdua de pes postoperatoria. A més a més, aquesta disminucié ponderal és
proporcional a la taxa de resoluci6 de les comorbiditats com la hipertensio

arterial (12). En canvi la resoluci6 de la DM2 després de les técniques
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malabsortives o mixtes es produeix de forma molt més marcada que en les
altres comorbiditats i a més a més ho fa quan encara no s'han aconseguit
perdues ponderals significatives (15). Aixd0 fa pensar que existeixen
mecanismes hormonals intestinals implicats en la milloria del metabolisme
hidrocarbonat. S’han generat dues hipotesis hormonals: la de l'intesti distal i la
de l'intesti proximal. A la primera, un estimul precog de la part distal de l'intesti
provocaria la secreci6 dhormones amb efecte incretina per tant
sensibilitzadores de la insulina (16). A la segona, I'exclusié de l'intesti proximal
provocaria que no es secretin hormones amb efecte antiincretina produint el

mateix efecte (17, 18).

1.4. La Gastrectomia tubular laparoscopica

La gastrectomia tubular laparoscopica (GTL) o sleeve gatrectomy és una
tecnica restrictiva que es va comencar a utilitzar I'any 1999 com un primer pas
per disminuir pes abans de realitzar una técnica purament malabsortiva en
pacients que patien una obesitat extrema (index de Massa Corporal (IMC) > 60
Kg/m?) (19). La técnica consisteix en la creacié d'un tub estret d'estémac a
través de la reseccid de la major part de l'estbmac. Els bons resultats en
termes d’eficacia i la baixa taxa de complicacions (20, 21) ha provocat que
actualment es consideri com una técnica de primera eleccid. No existeixen uns
criteris clars a I'nora d'elegir la GTL respecte a altes tecniques, peros’ha
proposat que sigui d’eleccié en pacients amb un alt risc quirdrgic, en edats

extremes (adolescéncia i edats avancades), en IMC entre 35 i 40 Kg/m?, en
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subjectes amb antecedents de malaltia de Crohn o en etnies amb risc

augmentat de cancer d’estomac (22).

Els ultims anys s’han publicat diversos articles sobre la GTL que
suggereixen que la pérdua de pes i la milloria de la DM2 és superior a la
d’altres tecniques malabsortives i similar a la del BGYRL (23-25).En aquest
sentit, Abbatini et al va observar en 60 subjectes amb DM2, una taxa de
remissié de la DM2 12 mesos després de GTL del 80,9%, la qual va ser
superior a la banda gastrica ajustable (60,8%) i similar al BGYRL (81,2%) (25).
Al tractar-se d’'una tecnica relativament nova actualment existeixen poques
evidencies sobre els efectes en altres aspectes metabolics com el risc

cardiovascular, el metabolisme dels lipids o la resistéencia a la insulina.
1.5. Efectes de la cirurgia bariatrica sobre el risc cardiovascular estimat

Els subjectes amb obesitat tenen un risc més elevat de patir una malaltia
per obstruccié dels vasos arterials, principalment en territoris coronaris,
cerebrals o d'extremitats inferiors; donant lloc a cardiopatia isquémica,
accidents vasculars cerebrals i vasculopatia arterial periférica. El risc de patir
algun d’aquest esdeveniments en el temps és el que és coneix com a risc
cardiovascular. En aquest sentit, I'analisi del Prospective Studies Collaboration
va mostra una forta associacioé entre mortalitat i obesitat. En IMCs entre 25 i
50Kg/m?, cada augment de 5 Kg/m? del IMC es va relacionar amb un augment
del 39% en mortalitat per un infart agut de miocardi o per accident vascular
cerebral (26). Per altra banda al Nurses' Health Study el risc relatiu de malaltia
cardiovascular per a IMC >29 Kg/m? va ser de 3,56 respecte a aquelles dones

amb IMC <21 Kg/m? (27).
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Aquest augment del risc cardiovascular en pacients obesos es deu
principalment a un augment dels factors de risc cardiovascular. Aixi, Nguyen et
al ha descrit que els subjectes amb un IMC 235 Kg/m? presenten respecte als
subjectes amb un IMC <25 Kg/m? una major prevalenca d’hipercolesterolémia
(48% vs 40%), de colesterol HDL baix (18% vs 31%), d’hipertensié arterial
(54% vs 24%) i de DM2 (7 vs 26%) (4).Tot i aix0, aquest excés de risc
cardiovascular no es pot atribuir exclusivament a laugment de les
comorbiditats, ja que alguns estudis ha han mostrat que I'obesitat es un factor

independent de risc cardiovascular (27, 28).

Per tal de poder estimar el risc de patir esdeveniments cardiovasculars
en persones aparentment sanes s’han desenvolupat multiples models de risc
multivariat. EI model més conegut i mes utilitzat i avui en dia és l'obtingut a
partir del Framingham Heart Study. Aquest és un estudi longitudinal de base
poblacional a llarg termini realitzat amb els residents de la poblacié de
Framingham als Estats Units d’América. Es va iniciar I'any 1948 i estudia els
factors que es relacionen amb el desenvolupament de malaltia cardiovascular
(29). A partir d’'aquest estudi es va desenvolupar el Framingham Risk Score,
una equacio que permet estimar el risc de desenvolupar un esdeveniment
cardiovascular a 10 anys, en funcié de les segients variables: edat, sexe,
tabaquisme, diagnostic de DM2, colesterol total, colesterol HDL i pressions

arterials sistolica i diastolica (30).

El risc de desenvolupar un esdeveniment cardiovascular varia en funcié
de I'etnia, I'estil de vida i la dieta (31). En aquest sentit és ben conegut que la
poblacié mediterrania té un risc cardiovascular menor que la nord-americana o

8
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la del nord d’Europa (32). Aix0 s’ha definit com la paradoxa mediterrania. En
consequencia s’han realitzat calibratges de I'equacio de Framingham, sent la
puntuaci6 de REGICOR (Registre Gironi del Cor) I'adaptada per la nostra

poblaci6 (33).

Estudis en poblacié nord-americana han observat una disminucio del risc
cardiovascular estimat per I'equacio de Framingham després de BGYRL (33-
37). Tot i aix0, no hi ha evidencies sobre I'efecte d’'altres tecniques de cirurgia
bariatrica com la GTL, ni tampoc sobre els canvis en el risc cardiovascular

estimat en poblacio mediterrania.

1.6. Efectes de la cirurgia bariatrica sobre el perfil lipidic

La dislipemia és una alteracié en la concentracio de lipids que s’associa
a un efecte aterogenic sobre les parets vasculars i consequentment amb un
augment del risc cardiovascular (38). La dislipemia pot estar causada per un
augment del lipoproteines de baixa densitat (colesterol LDL), per un descens
de lipoproteines d’alta densitat (colesterol HDL), per un augment dels

triglicérids o per una combinacio d’aquestes.

La causa inicial de les alteracions del perfil lipidic dels subjectes amb
obesitat son I'acumulacié de greix en localitzacié visceral i la consequent
resistencia a la insulina (39). Aquests dos factors produeixen una serie
d’alteracions patofisiologiques que causen el caracteristic perfil lipidic de les
persones amb obesitat amb un augment dels triglicérids i una disminucié del
colesterol HDL (40). Aquestes alteracions patofisiologiques son: un augment

9
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del flux d’acids grassos lliures de I'adipocit cap al fetge, una disminuci6 de la
captacié periferica d’acids grassos lliures, una sobreproduccié hepatica de
colesterol de molt baixa densitat (VLDL) i una disminucié de la lipolisis de
triglicérids circulants (41). Tot i que alguns subjectes amb obesitat poden
presentar elevacions del colesterol LDL, aquesta no és caracteristica de
I'obesitat i esta determinada principalment per factors genetics. Tot i aixo, les
particules de LDL en les persones obeses s6n més aterogeniques al tornar-se

més petites i denses (41).

L'estudi Program on the Surgical Control of the Hyperlipidaemia
(POSCH) publicat a la decada dels 90 esta considerat com un dels inicis de la
cirurgia bariatrica. El POSCH no va estudiar els efectes d’'una cirurgia intestinal
sobre el pes, sinG sobre el perfil lipidic i la morbiditat cardiovascular. Es
tractava d’'un estudi multincéntric i randomitzat que va incloure 838 pacients en
prevencio cardiovascular secundaria. La realitzacié d’'un bypass ileal parcial es
va associar a un descens mantingut del colesterol LDL del 37,7% i a una

reduccio de esdeveniments cardiovasculars (42).

La pérdua de pes amb el tractament convencional de I'obesitat (la dieta i
I'exercici), s’associa a una reduccié en la concentracié de triglicérids i una
elevacio del colesterol HDL, perd en canvi no té efecte sobre el colesterol LDL
(43, 44). En referéncia a la cirurgia bariatrica, aquesta produeix una important
milloria en la concentracio de lipids (45-47). Aixi, el BGYRL produeix milloria de
la dislipeémia en un 94% dels subjectes (12). Pocs estudis han estudiat I'efecte
sobre el perfil lipidic del BGYRL en comparacié amb técniques restrictives, amb
resultats contradictoris (48-50) , i cap ho ha fet especificament amb la GTL. A

10
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més a més sdn poc coneguts els factors que s’associen amb els canvis en la

concentracio de lipids després de la cirurgia bariatrica.

1.7. Efectes de la cirurgia bariatrica sobre la resisténcia a la insulina

El terme resistencia a la insulina connota resistencia dels efectes de la
insulina sobre la captacid, metabolisme i emmagatzemament de la glucosa. A
més a més de les alteracions del perfil lipidic que han estat esmentades
anteriorment, la resistencia a la insulina juga un paper fonamental en la
fisiopatologia de la DM2. La preséncia de resistencia a la insulina obliga a les
cel-lules beta pancreatiqgues a secretar de forma compensatoria més insulina
per poder mantenir la glicemia dintre de la normalitat. Aquesta hiperinsulinémia
mantinguda produeix al cap dels anys un esgotament progressiu de la funci6 de
la cél-lula beta fins al moment que és incapa¢ de compensar la resistencia a la
insulina i apareix la hiperglucémia i per tant la DM2 (51).

El teixit greixos, sobretot en localitzacié visceral, no actua Unicament
com un diposit energetic, sind que funciona com un organ endocrinologic
secretant acids grassos, mediadors inflamatoris i adipoquines (52). Aquestes
substancies actuen tant a nivell de la cel-lula beta pancreatica com a altres
teixits com el fetge o el mascul esquelétic produint un augment de la resisténcia
a la insulina (53). Aixo explica la intima relacio fisiopatologica que existeix entre
I'obesitat i la DM2 (54, 55). Les pérdues de pes intencionades mitjancant dieta
o exercici produeixen una milloria en els mediadors inflamatoris sistemics i de

la resistencia a la insulina (56, 57).

11
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Existeixen diferents metodes per avaluar la resisténcia a la insulina. El
métode de referencia és el clamp hiperinsulinemic (58). Aquest consisteix en la
infusi6 endovenosa d’insulina per mantenir una insulinemia permanentment
elevada. Simultaniament es van realitzant determinacions de glucosa cada 2-5
minuts per infondre glucosa a un ritme que permeti mantenir la glicemia al
voltant de 90 mg/dl. El ritme d’infusio de la glucosa és inversament proporcional
a la resisténcia a la insulina. A causa als inconvenients tecnics i d’interpretacié
s’han desenvolupat metodes més senzills. EI Homeostatic Model Assesment
(HOMA) és un model matematic basat en mesures basals de glicemia i
insulinémia que permet valorar la resisténcia a la insulina (HOMA-IR) i la funci6
beta pancreatica (HOMA-B). Els seus principals avantatges sén la bona
correlaci6 amb métodes més complexos com el clamp hiperinsulinemic (59) i
gue s’ha usat de forma estesa des de fa més de 20 anys, fet que permet fer
comparacions entre estudis (60). El HOMA presenta importants variacions
etniques i demografiques, i per tant cada poblacié ha de definir el seu punt de
tall diagnostic de resisténcia a la insulina (61, 62). Cap estudi ha definit la taxa
de remissio de resistencia a la insulina després de la cirurgia bariatrica establint
un punt de tall de HOMA-IR especific per la poblacié de referencia.

Per altra banda existeix una gran heterogeneitat a la hora de definir
remissié de diabetis tipus 2. Un comité d’experts de I'’American Diabetes
Association (ADA) I'any 2009 va definir uns criteris de remissio parcial i total
gue sén més estrictes que els utilitzats préviament (63). Fins al moment, pocs
estudis han avaluat la taxa de remissio de la DM2 amb els nous criteris de la

ADA, obtenint taxes de remissié inferiors a les reportades anteriorment (64).

12
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Glicemia plasmatica <125 mg/dl
HbAlc <6,5%
Remissié parcial
Sense necessitat de tractament i mantingut almenys
durant un any

Glicemia plasmatica <100 mg/dl

HbA1lc <6,5%

Remissié completa

Sense necessitat de tractament i mantingut almenys

durant un any

Remissi6 perllongada Remissié completa durant almenys 5 anys

Criteris de remissié de la diabetis mellitus proposada comité d’experts de

'ADA I'any 2009 (63)

13
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Objectius

Hipotesis de treball

El BGYRL és superior a les técniques restrictives en termes de pérdua de
pes i milloria de comorbiditats associades a I'obesitat.

La GTL, tot i ser una tecnica restrictiva, produeix pérdues de pes i una taxa
de remissio de DM2 similars a BGYRL.

La GTL pot ser igual deficac que BGYRL en altres aspectes del
metabolisme com el risc cardiovascular estimat, la remissi6 de la
hipertensio arterial i la dislipémia, la concentracié de les lipoproteines i la

resisténcia a la insulina.

Objectiu general

* Comparar els efectes metabolics de la GTL i el BGYRL.

Objectius secundaris

» Estudiar I'efecte de la cirurgia bariatrica sobre les escales de risc
cardiovascular generals i les adaptades a poblacié mediterrania.
» Comparar els efectes de dues técniques de cirurgia bariatrica (BGYRL i
GTL) sobre:
o0 Elrisc cardiovascular estimat amb les equacions de Framingham i
REGICOR.
0 Lataxa de remissio i de milloria de la dislipémia i la hipertensio
arterial.
o El perfil lipidic, i estudiar els factors predictors de milloria de la
concentracio de lipids.

o La taxa de remissio de la resisténcia a la insulina.
16
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o0 La taxa de remissio total de DM2 amb els nous criteris de la ADA,

i estudiar els factors associats amb aquesta remissio.
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Publicacions

3.1.Laparoscopic sleeve gastrectomy and laparoscopic
gastric bypass are equally effective for reduction of
cardiovascular risk in severely obese patients at one

year of follow-up.

David Benaiges, Albert Goday, José Manuel Ramon, Elisa Hernandez, Manuel
Pera, Juan Francisco Cano.

Laparoscopic Sleeve Gastrectomy and Laparoscopic Gastric Bypass are
equally effective for reduction of cardiovascular risk in severely obese patients
at 1 year follow-up.

Surgery for Obesity and Related diseases 2011;7:575-80

Factor d’'impacte (2011): 3,929.

21



Publicacions

SURGERY FOR OBESITY
AND RELATED INSEASES

Sumyery for Oty amd Relaied Discases 7 (200 1§ 575-580 I,

Original anicle

Laparoscopic sleeve gastrectomy and laparoscopic gastric bypass are
equally effective for reduction of cardiovascular risk in severely obese
patients at one year of follow-up

David Benaiges, M.D.*"*, Albert Goday, Ph.D.*", Jose M. Ramon, M.D.",
Elisa Hernandez, M.D.*", Manuel Pera. M.D*, Juan F. Cano, M.D.*", on behalf of the Obemar
Group

“Ideparrtamavet of Endocrmolopy oad Natntion, Negune! Poversitan del Mo Barcedona, Spain
Aepsertment of Wediesne, Driversin Auniwoma de Barcolo, Binveeonsa, Spais
"Dhepat rrwend off Srgevy, Mimpundl Dwiversitard oed Mir, Barcelon, Spaein
Received November 16, 20 accepied Masch 3, 2001

Abstruct Backgroumd: Very fow siudies have compared loparoscopic Rous-en-Y gastne bypass (LRYGE)
amid |apanmscopic sleeve gostreciomy (LS50 oolcomies or amalyzed improvement in condiovasgular
nsk (CVR) afler banatne surgery. Nope of the studies considercd the Mednermanean popilation. Cuar
primary objective was o compare the 10-vear estimated CVR reduction achieved by LRYGB and
LSG in Spanishi subpects with severe obesiy. The secomlary objectives were o conpare the
techmiques in berms of weight loss amd co-moghadity improvement. The study was perfommsed at a
university haospital in Barockonu, Spain.

Methods: A |12-monih prospeciive eohort siudy of 140 consecutive patients (95 LRYGH amnd 45
LSG) compared the 2 sargical imervention groups o stisdy the percentage of excess weight loss,
resolution and improvementfresolubion of co-morbiditios, and effect on CVE using both fhe Fra-
ningham fsk soone (FRS) and the Regivine Girond' del Cor (REGICOH ) moudel

Results: At 12 monihs, the overall CVR decreased from 66% 1o 3.4% using the FRS and from
7% 1o 195 using the REGICDR scone. Meitber model found a diffevence between the 2 surgacal
imervention groups in decreased postoperative CVE risk, with a FRS of 3.4% = 1.2% [or LRYGE
versis 336 £ 216 for LSG (P = 872 ond a REGICOR seore of 1.9% = 1559 veras |25 +
165, respectively (P = 513 No dilferences were observed in the percentage of excess weight loss
or the resolution of type 1 diabetes mellitus and hypenension. The by percholesterolemia improve-
menbiresolution rele was bower in the LSG groap than in the LRYGE group.

Concliadan: Banatnic surgery redisces the estimated CVE by one hall sl | vear alter sargery. Exvoept
for the kess-improved cholesieol metsholism, LSG. a restrictive technigque, proved 1o be equally as
effective at | year of follvw-up o LRYGE., (Surg Obes Relat Des 200 17575580, ) Crown Copyright
2001 Published by Elsevier Inc. on behalll of Amenican Society for Metabolic and Bansirie Surgerny.
All nghis reserved.

Krywanly Lapamsnpic slorve gastrockomy; Lapanscopse Rimv-en-Y gastric bypass; Canlsvasoular risks Co-marbsdiies

In Spain. the incidence of ohesity hos incressed alirmangly
in recent vears and is now esimted o hove reached 14.5%
—_— ) [1]. Severe obesity i associated with o greater prevakence of
“Corresposdence: David Benalges, MU, Dy all Endescrinod- e . 3 dis welli
sk o U ot R Bavvslons. Paico Mat: coemorbicdities (eg. hvpenension, tvpe 2 diabetes mellius
o g g S DM2], aned dyslipideria [2]). This leads to increased cardic-
E-mail: SN2 & hospitaldeimar cal vasculur risk (CWR) (3] and grester monality [4].

1350 TR 138 ~ sew front mater Croven Cognonight © 2301 | Published by Elsevier Inc. on behalf of Amonican Socsty for Metsholie and Hariatne Surgery
All righis reserviad.
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Tahke 2
Commpaniue of demopraphis and preapentioe glinleal charcterisies
Characsaiabc LEYGH LSG M valuic
in = U5 im = 45

Age (31) 460 =82 1 =94 94
Women (51 ER.S THA 133
Weight (kgi 121 =W/T %]l =1KK 333
B (et 262 = 48 HE=55 AT
Hypentension 43 (458 (TEEINT] A1
| astibyypenemsive agenl 20 (4654 964,75 i

(% hypertemive

pabcnisi®

=1 anlihypeinonsive agent 17 (395 42k A

1% hapenensdve

pasienish
Enpaired fisting glucose B (40} 18 (24.4) X853
[Mabetes mellings type 2 256550 Ti15.6%5) 15%
Uhal bypoglyesmi mperist 114 EIREH L] 338
lwsulani 1 {44¥% 1il4%) N
HhA e (% hd4 = H i = X 'l
Hiy percholesicrdemia (N ME) 12026, 7% ARy
Lipid-lowering agentd 15068295 BTRO) 665
Cunront samerking Z1{H20) 10022.2%) e

LEYGR = bparmeogec Rosy-on-Y g bypass: LSG = lapanscope
slecve pastreciomy: BMIL = bady niss mdet: HhAle = hemoghobin Alc.

[t preseniad gs nscan = stansfand devimtion or pumbsrs, with percent-
s ey,

Sigmificance w P == 05 wos determmed wsng Seodent™s 1 oaest for
comlimmiots vartalles and cli-aquise bor calcgoncal variables

* Datain p heses ate tages of o] patiznts with hypernension,

D iw parentheas ore percestapes of ol pationts will disheties.

¥ Daty i pereniheses e peroentiages of all paisoots with hypercholes-

nerokemea

The dingnostic, resolution, amd improvement criteria for
each co-morbidity are summuarized in Table 1 [10,17-19].
The 1i-vear risk of cardiovascular disease was estimated
esing 2 models; the 1998 Froningham espuation [10] and the
REGICOR atapration of the FRS for the Mediterranean

s

population |11]. The risk factors included in the caleulution
were age, gender, tofal cholesteral level, high-density lipo-
protein cholesterod level, digstolic and systolic blood pres-
stre, DM, and smoking. According (o their woial fsk fctor
scores, the subjects were classified inwe 3 categories of
estimated  I0-year risk: fow (< IM&). intermediate (10—
k), and high (=288 ).

The sample size was caleulated, sccepting an alpha risk
of (15 and a beta risk of 200 in o 2-sided Student’s r test,
Thus, 48 subjects were required in the first group amd 96 in
the second to detect a statistically significant difference =
5. The standurd deviation was assumed 1o be |,

The data wre expressed as the averosge = standard devi-
aton for continuoas varinbles and os percentages and fre-
quencies for categorical varahles. Significance mt P < 05
was determined wsing the Srodent ¢ rest for continnons
variables and the chi-square test for categorical vanahles.
All statistical amalysis used the Stanstical Packoge for
Social Sciences, for Windows, version 140 (SPS5, Chi-
cago, 1L

Resulis

Of the 140 B8 procedures performed during the study
periodd. 95 (67.9%) were LRYGH and 45 (32.1%) were
LSG. All patients were white, 82% were women. the sver-
ape age was 454 = 64 vears, aid the initial BMI was
457 = 49 kgfm®. DM2 was present in 25.5%, impuired
fasting ghicose in 46, 1%., hypertension i 45.1%, and hy-
perchodesterolemin in 35.7%,

Al baseline. no differences were found between the 2
groups in age, gender, co-morbidity distribution and trea-
mient, o the hemoglohin Ale of those with DM2 (Table 2.
After surgery, both technigues significantly improved all the
biochemical parameters studied, excepi for imal apd Jow-
density lipoprotein cholesteral in the LSG group | Table 31,
The follow-up rte was DG of the cohort at 12 months.

Tahle 3

Bascline and 12-mueth clinkcal and hibombory measames

Varmbl LEYGE (n = 95) L5G im = 45) P vabact
Baschine Fuallosa- P valuc® Bl line Folkrw—sp P value®

Ehe 1) llgjrutl AhT = 4R ME5+4 S ] ]] iz 55 K9 = s == Wl AiTR

Viemous bload ghocose (mgadl 1126 = 207 BES = 111 =< (M 6= 314 RET =03 = Wil T4

HbA e (%) 1= 3 i6= 5 e LI 2= i19=7 = 0l 497

Tutal chobessenal fmghdL) W0 =358 1765 = 3.2 < bl 1937 = 339 2i0E = 377 142 A58

LDL chodesiceod tmaghlls 123 = 295 1020 = 258 <= H]| 1196 = 330 1174 = 350 T 21

HDL cbolesend [mghll.y STz 123 53 143 < WMl 456 =00 Bl = j 2T < (Wl ke

Taigher ks tmgphliLb [RETVES R B2 279 = b 1326= 734 a6l = 351 <= () AX

Sywiolic Blood pressane (nam Hgl 1315 + |22 1186 = &7 (4111 |15 = |29 1134 = 131 < Wil &R

Thisandie bl presanre (emmdHg ) RT=124 T4 =90 e || RIX =95 &= Kd il e

LEL = ow=density lpopeotein, HEK., = hegh-density ipopeoles; siler abbrevistioas 2 in Tabke 2.

Sigmafivance al P = 08 decrmened usimg Stadoni™s ¢ e
* Withir-techmigque companson hetween hasedi
¥ Coesparinon of 2 technigques o haseline
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Tahh: 4

Basclone am! | 2-immaih canli AT risk

Variabile LRYGHE 506 P valive

FRS {190
Baiclime (1) AU T d¥ iax 50 132
1-3r Fodbow-up (5 Ad=1 Ja=122 ATH
Abnolute mk redoctsomn (%8 in 22
Relative risk reduction (%) SLi a2

RECICOH
Bacelime (%) 9= 1h 11=37 59
I-3r Fodbow-up (%) 19=13 1= 14 A3
Abmnlmie sk redoction 1% 2 13
Relative risk reduction (%6 b f e Al

FRS = Framingham nak woore: REGIOOR = Begistre Gimni del cor;
wller abhreviations us in Tabie 2.

Canfiovascular rik edimated weing 2 sk soores: FRS and REGICOR
R -

Sigmificance at < 05 delermined using Stedent’s £ e

Ar 3 months of follow-up, the percemage of excess
weight loss wos significantly greater in the LSG grouap
(506% = 11.9% for LRYGE versus 38.3% + 14.2% for
LSG, F = 017), During the remaining follow-up period, the
pencentixge of excess weight loss continwed (0 nerease, with
nir berween-groap differences at & months (68.5% = 1395
for LRYGRE versus 72.0% = 16.9% for LSG, PP = 602 or
12 months (B09% = 16.7% for LRYGE versus 82.7% =
8% for L3G, P = 632).

Before surgery. the 10-year CVE estimaled by FRS was
6.55% = 48%, significantly greaster than the REGICOR
soome (3.75% = 6%, P < DO1). At | vear after surgery, the
fisk assesament using the FRS showed a decrease 1o 5345 2
21 3%, mn abtsolute CVR dechine of 3.21% amd o $9% decrease
in relative risk. The comesponding REGICOR resulis were
LO2% = 1.51%, 1.83%, and 48%. The number of patients
presenting with low CVR wos greater when estimatad vsing
REGICOR (80K with FRS versus 97.1% with REGICOR,
P = 01}, and FRS produced a grester number of imtermedi-
ate-risk estimates (18% with FRS versus 295% with REGI-
COR, P = 005 REGICOR found no high-nisk individoaals
and FRS identified only 2 (1.4%). An 12 months, the FRS
etpuativn found no patient presenting with high CYVR and only
4 patients with intermediate risk: REGICOR dentified 2
patienis with infermediate risk. At 12 months, the CVR
risk estimated by both formulas was comparable for both
BS woehnigques (Table 4).

Hypertension resolved in 74.4% of the LRYGB patients
and 64.3% of the LSG group (P = 463) and improved’
resolved in WLT% verss TR.6% (P = 22), especiively.
The hypercholesterolemin improvementresolution rate was
100% for LRYGE versus T5% for LSG (P = 014). Rese-
ltbom atsell wis al=o gremter with LRYGB, but the differ-
e was ol signilicant (36,4% versus 06,7%, P = 174}
Impaired fasting glucose resolved in 97.3% of the LRYGH
patients and 95.0% of the LSG group (P = 589). DM2
resolved in W% and 85.7% of the LRYGE and LEG group,
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respectively (P = 5360, and all patiemts with unresolved
M2 showed improvement. At | vear after surgery. the
prevalence of smokers had decreased to 17.1% (15.6% in
the LSGogroup versus [8.3% in the LRYGE group, P =
4421 The resolution of co-morbidities wis gradua) bat wis
achieved in most cases at 3 months of follow-up (Fig. Lk

No difference was found in the peroperative complica-
Lions rate between the 2 study groups (8.945% for LSG versus
168% for LRYGR, P = 208} nor in the readmission rafe
(2.2% for LSG versus LI% for LRYGB. P = 586). No
mortality ocourred i either group.

Discussion

At 12 months after surgery, L3G and LRYGB were
equally effective in diminishing the estimated CVR. reduc-
ing weight, and resolving or improving the co-morbidities
assoctatied  with obesity. Only  hypercholesterolemia wis
significantly more improved by LRYGEB than by LSG.

WVarious studies have analvieed the influence of BS on
CVR and reported a preoperative FRS of 6-T% [12-14].
very similar 1o the 6.6% in our series. These similar
findings were probably because our cohort is representa-
tive of anormul BS cohort, with & female predominunce,
an average age of 4550 vears, and a DM? prevalence of
35-50%.

CYR varies as a function of diet, hfestyle. and ethnic
origin [20]. The Mediterroncan region has lower CVR
ihun norihern Europe or the United States [21]. This has
led 1o regional recalibrations of the FRS, such as the
REGICOR model [11]. If we assume the REGICOR
model iz the best adapted model, the presperative FRS
would overesiimaie the CVR by 2.8% and the BS benefit
would be lower, beciuse although the CVR decreased by

A

i w
=4 ;|

. wo

» L. 2|

. - o

Nl Vet & st [7

- e C s T

s =

- -

»

. bl

[

Tiasrlnsr 7 il & s |7 pesntle

Dl ) oomiie. & mentbe 1] sontie
e WO L

Fg. 1. Resolution of co-merhidinies a1 3, 6, ssd 12 monhs of follmw-up in
L35G asd LRYCB groups. Data presested as percemage of paticnis ackioy-
ing resoliiton ortena, (A) Rewbmion of hypenensaon dunng follos-up
LSG im = 45 i buseline) and LRY GE (0 = 41 @ baseline b, (B) Resobuion
of P diang follow-spy LG (e = 7 o hawelione) and LRYGH (n = 25
al baschne ) () Besoduteon of mmpatned fasting ghecuse dunng Follows-up:
LS55 de = 12 mi basedine) sod LRYGR in = 38 ap boselise b, ([ Resoboion
ol ypercholesserolomia daning follva-op: L3G (6 = 12 al bascline) amd
LRYGHE in = 22 ai baselne)
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o half with both formulas, the estimated number of
patients needed to treat to avoid a cardiovascular event al
160 vears would be greater using the more accurate REGI-
COR model (54 versus 31).

Giastric bypass achieves an earlier [22] and o greater
improvement in glucose metabolism than restrictive tech-
nigues, This is thought 10 be due o changes i intestinal
hormoases [23]. The LSG technigue has been used as a
first=step therapy when a malabsorplive technigue is n-
dicated in patients with super severe ohesity [24]. Com-
pared with LRYGB. it is a simpler and quicker technigue
[25]. Some studies have not found differences in the rae
of postoperative complications [8,25,260]. although & re-
cent =tudy by Birkmeyer et al. [27]. including = 1 3,(8K)
BS subjects found that the rate of complications was
fower in the LSG group. L5G has been shown ta be more
effective than other restrictive techmiques in resolving
DM2 28] andd that improvesd carbohydrate metabolism
oceurs early, just as it does with LRYGE [8.29], The
stomach resection dope in LSG, in contrast o other
restrictive technigues, could explain the greder décrease
in ghrelin. o hormone with o disbetogenic effect. primar-
ily secreted in the stomach |30,

At | vear of follow-up, the only difference between
the 2 technigues studied was no decline in totl or low-
density hpoprotein cholesterol after LSG, along with
lower values than LYRGE for the resolutionfimprove-
ment of hypercholesteralemia. Previous studies have re-
ported contradictory findings [B.26]; therefore, additional
studies are needed o clarify the effect of LSG on the
cholesterol metabolism,

The present stedy had limitations. A1 12 months of fol-
lo-up, the long-term progress is unknown. The patients
were assigned to a surgical technigque on the basis of clinical
criteria, not randomly: nonetheless, both groups hod com-
parable preoperative charactenistics. In general, the diabetes
cases were minos, with one half of patients receiving dietary
trestmient and only 2 requiring insulin therapy. and a mean
hemoglobin Ale <6.5%, all of which could contribute to
the nearly 100F% resolution rmite.

Conclusion

O study has shown that LSG, o restrictive technigue,
achieves 12-month results comparable o LRYGE with re-
spect o weight less, CVR reduction. and improved co-
morbadity, Long-term stuchies are needed 1o confirm our
results and o determine the actual decling in CVR after
variows bariatric surgical procedures in populations with a
low misk of cardiovoscular events. The large decrease in
CVR comtributes to the bepefits of BS, ourweighing the nsk
of the surgical procedure,
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3.2.Impact of restrictive (sleeve gastrectomy) vs hybrid
bariatric surgery (Roux-en-Y gastric bypass) on lipid

profile
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Impact of restrictive (sleeve gastrectomy) vs hybrid bariatric surgery (Roux-en-Y
gastric bypass) on lipid profile.
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Abstract

Backpground Few studies have evaluated the impact of hy-
brid versus purelv restnictive bariatnc surgery on lipid pro-
file, with the results being contradictory. The effect of
laparoscopic sleeve gastrectomy (LSG) and laparoscopic
Roux-en-Y pastne bypass (LRYGB) on hped profile was
compared.

Methads A nonmndomized prospective cohon study was
conducted on severely obese patients undergoimg harintrc
aurgery. Indication for the type of surgical procadure was
hased on clinical criteria. Patients on lipid-lowering dmgs
and those that could ned be matched for age, sex, and body
miss. index were excluded. Finally, 51 patients who under-
went LSG and 31 undergoing LRYGE completed this study,
Resules During the first year post-surgery, no dilferences in
percentage of excess weight loss and inglyveeride reduction
were found between proups. Afier LEYGR, low-density
lipoprotein (LDL) cholesterol concentrations (=l signifi-
cantly (12592203 w0 100.3=26.4 ma/dl, p=00001 ), whene-
as no sigmificant changes were observed i the LSG group
(1862307 to 1462335 me/dL p=0.2201. High-density
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lipoprotein (HDL) cholesterol increase was significantly
greater alter LSG (1345131 mg/dl} compared with
LEYGH (9.4=14.0 mg/dl, p=0.032). Factors independemly
associated with LDL cholesterol reduction were higher
baseline total chelesterol and underpoing LEYGB. A greater
increase iy HOL cleelesterol was associated with LSG, older
age, and baseline HDL cholesterol.

Corclusions LRYGB produces an overall improvemsent i
lipid profile, with a clear benefin in all lipsd fractions, Al
though LSG does not alier LDL chobesterol levels, its effect
on HIM. cholesterol is comparable 1o or grester than that
obtamed with malabsorptive techniques.

Kevwards Laparoscopic shecve gastrectomy - Laparoscopie
Rowx-en-Y gastric bypass - Lipid profile - Chobesterol -
Triglyceride

Introduction

Severe obesity is associated with an mcreased mortality rate,
particularly of cardiovascular origin, due o the close asso-
ciztion between obesity and candiovascular risk factors such
as type 2 diabetes, hyvpertension, and dyvslipidacmin. In this
respect, low high-density lipoprotein (HDL) cholesterol,
hypernglyeeridaemin, and desimable to mildly increased
low-density lipoprodgin (LDL) chodesterol levels are fre-
quently seen in obese patients [1].

Laparosoopic Roux-en-Y gastric hypass (LRYGR) is a
hybrd technique that combines gastric restriction with gas-
trectomy and malabsorption by bypassing the duodenam
and proximal jejunum. Given its higher efficacy companed
to purcly resrictive technigues and the fact that it offers a
good balance between benefits and adverse event rte, it has
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become the gold sandard and the most widely used [2. 3].
Laparoscopic skeeve gastrectomy (L5G) is @ restrictive tech-
nique used as a first step for patients with extreme obesity
(hody mass index (BMI) =50 H.g.fm:l befiore they undergoe a
malabsorptive techmgue [4]. Owang to its wechncal simplic-
ity [3], low complication rate [6], and greater efficiency
compared with other purely resinctive wechniques [7), the
wse of this procedure as a defimitive technique is becoming
more widespread [3, 8],

Both banatrie surgery procedures have viclded similar
results in tenms of weight boss, improved glucose metabo-
lism, and cardiovascular nsk reduction [9-13]. Although
weight loss surgery results in significant improvements. in
serum lipid concentrations [14-16], few studies have com-
pared the effect of hybrid versus purely restrictive proge-
dures on lipid profile and, moreover, show contradictory
results [17-20]. Thus, the aims of the present study were
1t compare the effect of two bariatric surgery technigues,
LSG and LRYGR, on lipid profile during the first year of
follow-up and analvee predictive factors for dvslipidemia
improvement,

Materials and Methods
Stdy Prowocol

A nenrandomized prospective cohon siudy was conducted
on severely obese patients undergoing banatnc surgery at
the Hospital del Mar, Barcelona. Patients were aged be-
tween 18 and 55 vears and met the 1991 banatric surgery
cntena of the National Institutes of Health [21]. Indication
for the type of surgical procedure (LS50 or LRYGB) was
based on clinscal entena and the consensus of the Banatne
Surgery Unit. Patiems receiving lipid-lowering drugs and
those wha could not be matched for age (£2 vears), sex, and
BMI (=2 Kg/m®) wene excluded.

Sample size was calculated accepting an alpha msk of
0,05 and a beta risk of 0.20 in a two-sided Student’s ¢ test;
45 subjeets were required in each group o detect a differ-
ence 220 mg/dl in LDL cholestera] concentration as statis-
tically significant. We assumed a standard deviation of
30 mg/dl and a loss rate of 20 % in the matching process
and follow-up.

In sccordance with the swdy protocol approved by the
hospital ethics commines, all patients were evalupted pre-
operatively and at 3, 6, and 12 months post-surgery. Proto-
col appoimtments included measurements of weight, waist,
and hip circumferences; blood pressune and laboratory test-
ing for glucose; insuling glyeated hemoglobin (HbhA ) total
cholesterol; HDL cholesterol; and inglveende levels. All
patients signed their informed consent for the procedure
and for the study.

Of the Cavcasian patients, 167 were operated on between
2005 and 2009; of these, 61 underwent LSG and 106
LRYGB. Twenty-one patients (six of the LS3G group and
15 o the LRYGEB group) recervimg lipid-lowering dmgs and
44 patients {four of the LSG group and 40 of the LRYGEB
group) who could not be matched for age, sex. and BMI
were excluded. Thus, the Gl analysis mcluded 51 patients
undergomg LSG and 51 LRYGB (Fig. 1)

Anthropometric and Biochemical Measurements

BMI was caleulated as weight in kilograms divided by
height in square meters. Type 2 diabetes was defined as
two fasting plasma glucose values =125 mg/d] or meatment
with omal hypoglyeaemic agents or insulin [22]. The enteria
for hyperension diagnosis were systolic blood pressure
> 140 mmHg and'or diastolic Mood pressure 90 mmlg or
current treatment with antihypenensive agents [23].

Togal cholesterol and mglycerides were determined using
cngymatic methods in a Cobas Mira auiomatic analyeer
(Baxter Dhagnostics AG, Didingen, Switeerland). HDL
cholesterol was measunad using scpamtion by precipitation
with phosphowmgstic ackd mwd magnesium chlonide. Glu-
cose was determined by the oxidese method, HbA . was
quantified by chromatography (Biosvstem, Barcelona,
Spain). Insalin was measured by radicimmunoassay (Insulin
ki, DPC, Los Angeles, CA, USA) and insulin resistance
was estimated usimg the Homeostasis Model Assessmemt for
Insulin Sensitivity {HOMA-IR) [24]. LDL cholestensl con-
centration was calculated by the Friedewald formula [25].

Surgical Techmgues

The LRYGE techmque involved a 150-cm antecolic Roux
limb with 25-mm circular pouch-jejunostomy and exclusion
of 50 cm of the proximal jejunum. In L5G, the longitodinal
resection of the stomach from the angle of His to approxi-
mately 5 cm proximal to the pylorus was performed using a
35 French bougic inserted along the besser curvature, All
opertions were performed by the same team of surgeons.

Saatistical Analvsis

Data were expressed as mean=standard deviation for con-
tineous variables and as percentages and frequencies for
categonical vanables, Stdent’s ¢ wst was performed 10 as-
sess differences between two means, Chi-square or Fisher’s
exact tests were wsed 10 evaluare the degree of association of
categonical vanables, Pearson’s cormrelation coefficient was
applied 1o establish comrelations among quantitative varia-
bles. Multivariate linear regression analysis was psed 1o
wssess the effects of multiple fctors on lipid concentration
variation. A p value<0.035 was considerad statistcally
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significant. The SPS5 for Windows, version 14.0 was used
for all statistical analyses.

Resulis

Rasaline characteristics of LRYG or LG patients are listed
in Table 1. Mo differences were observed in the peroper-
ative complication rate between surgical procedures (8.2 %%
LSG vs. 16,9 % LEYGE, p=0.112) or in the readmission
rate (1.6 % LSG vs. 28 % LEY GB. p=0.627), with no fatal
cases reported with either technique.

During the first vear post-surgery, no differences i BMI
and percentage of exoess weight loss (EWLY) were found
between groups (Table 2). Changes in lipid profile | year
affer surgery differed between the two study groups. Aller
LEYGH., total and LDL cholesterol concentrations fell sig-
nificanily whercas no significant changes were observed
the LSG group. Both techniques achieved a nise m HDL
cholesterol levels; however, this increase was more marked
afier LS. Trglvcende concentmiions decreased similarly
with baoth surgical procedures (Table 31 The effect of bath
techniques on cholesterol levels was apparent from the thind
month. At & months, the differences were mauintained, ex-
oepl for HDL cholesterod (Fig. 2a-¢). Changes in trighyoer-
ide concentrations during follow-up were comparable in
hath groups (Fig. 2d).

Factors independently associated with a greater decrease
in 1odal cholesterol concentration were younger age, higher
baseline 1otal cholesterol, and undergoing LRYGR. Predic-
tive factors for LDL cholesterol lowening were the same as
those for total cholesterol, except for age. However, a
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greater nise in HOL cholesterol was associated with older
ape and LSG, in addition 1o the HOL cholestenol concentra-
tion prior to surgery. Bascling wighvcenide and HbA; levels
wiere independently and positively associnted with mmghee-
eride lowering (Table 4).

DMiscussion

Drslipidemia is & recognized cardinvascular risk factor that
could explain, at least in part, the excessive mortality rate in
severely obese patients [26]. The present study, the first to be
prospectively designed to compare the effects of LRY GB and
L5G on the lipid profile, shows that LEY GB improves overall
lipid profile compared to LSG, since the latter was not asso-
ciated with an improvement m LDL cholesterol kevels,

The effect of baratne surgery on total cholesierol con-
centrations obviously reflects the mpact on their lipid frac-
teons, o this respect, the 26 me'dl mean decrease in total
cholesterol afier LGYGR concurs with previous studics
[16—19] and is cavsed by a similar reduction in LDL cho-
lesterol, However, no differences in total cholesterol levels
hawve been reponted previously after resmictive techniques
[1%, 27-29]. The shight increase in total cholesterol observed
post-L5Goin the present stady could be explained by the
significant increase in HDL cholestero]l and the fact that
LDL cholesterod levels remained stable.

The two surgical procedures differ mainly in their effect
on LDL cholesterol. LSG does not alter LDL cholesterol
concentration as has been described with other restrictive
technigues [18, 26-28], These duta suggest that the decrease
in LDL chalesterol observed for LRY'GE could be related to



Publicacions

OBES SURG (2012) 22:1268-1275 1271
Table | Baschine charsctorstics
of paticats underpoing LRYGH LEY (5B {n=31) LG {m=31] o value
or LSG
Age (years) 4. T18.6 4588 0892
Female/male a2 42 064032
Werght (Kg) 121.2+19.9 136186 0,654
Body mass index (Kg'm®) 45.7+5.4 446453 0,258
Wasl cireuniferences (om) 131.9+11.% 26.9=14.5 0.227
Hip circumference {ecm) 1307112 137.0=14.6 0.521
Waist-io-hip ratio DL+ 000 0930008 0641
Syszolic blood peessore (mmblg) 1300422 3 132,04 2000 00595
IHasandic blood pressure (mntd gl BT01£133 B3S2 0T 0,139
Fasting ghaoose (mg'dl) 172271 THRIL3%6 0913
Insmlim {2l 158+ 126 IG5 0776
HOMA-IR. 44436 46236 0748
HbA (%) 51408 i=1.0 0923
) Tartal chodesterol (meg'di) 24364 19154 360 0,184
ﬁm";ﬂ;imﬂg HIOL chabestersd (gl 50.3+12.4 AR 32100 0,394
Significance ar p=0.05 was &= LI chokesterod (mg/dl) 12594203 11862307 0,233
rermined using Snxlent’s 1iest  Trglyeondes (mg'dl) 12534648 120004567 0.674
;‘j‘u;:“;u':’;';“*““_““""'l___’ mdchi- e diabetes (%) 196 16.0 0.416
HRA,., ghycased emnoglobin, LDV H}I.:iﬂlh'lsll'-'l'l 125 - 471 T 0,064
IMI-dL‘ﬂ:iil:.-' |i|'u'|-p'l'-|1|:i.'irh=|. HIE Patients with total cholestenol =200 I'n|:."|u ™l &0 ir3 0,159
high-donsity poproteins, TC fo- Patients with LDL chalesterod =130 mpdl (%) 4.2 204 0,154
tl cholestorol, TG wrighyeerides,  paients with HDL cholesterol <490 mgadl for men 451 519 0.276
LRYVGE laparvscopsc Roux-cn-Y and <50 mydl for women (%)
gastnic bypess, L35G laparoscopic Pajents with TG =150 mg'd] (%) 196 75 0,242

shesve gastrecionmy

the malabsorptive effect produced by this techrique. Several
data support this hypothesis. First, Pihlajamaki et al [18]
found, as expecied based on observed weight loss, de-
creased serum levels of cholesterol synthesis markers after
LRYGH or gastnic banding; however, a reduction in choles-
terol absorption markers was observed onby after LEYGE,
an effiect not reported following a restrictive technique { gns-
tric banding). Seccond. a relationship exists between the
extent of imtestinal bypass, which in tum relates 1o a reduced
intestinal absorption aren, and the effects on LDL cholester-
ol. This fact coubd explain the greater reduction (30 %) in
LDL chobesterol levels seen afier purely malabsorptive tech-
nigues such as bilispancreatic diversion [2, 28] compared 1o

the 17-20 % described for LRYGB [16-1%], a technigque
wilh a lower degree of malabsorption. Finally, it is nolewor-
thy that the LDL cholesterol reduction afler LRYGE was
comparahle to that obtained when cretimibe, a selective
inhibitor of intestinal cholesicrol absomption, was adminis-
tered [30]. On the other hand, secondary prevention paticnts
of the Program on the Surgical Control of the Hyperlipidag-
mia study allocated to partial ilcal bypass surgery showed an
LDL cholesterol decrease of 37.7 %, along with improve-
ment in cardiovascular endpoints [21, 32].

Most sdies show an increase in HDL cholesierol after
LRYGE [16-19, 33]. However, daa from studies on restrictive
techniques show contradictony resulis with respect 10 HDL

Table 2 Changes in body muass index and percomage of excess weight loss insevercly obese patiemis afier bariainic surgery

Musths BALE (Kgm) BWL (Kg)

LEY L5dG P value LEYLH L3560 povalue
3 350241 355240 0,080 00113 29.4£00.6 0,759
i 36241 7244 0324 90128 IR =120 0.7340
12 20041 285244 0.504 150=14.3 436130 0601
Mara presenied as mean standand deviation or percentages. Significance g p<0U035 was deiermined using Snadena’s ¢ esa
BT body mass index. S body weight boss

€) Springer

31



Publicacions

1

CHIES SLIRG (20012} 22:1 2681275

Tahbe 3 Changes in lipopronein profile i severs obese panienrs afer baname sungery

Presungery 12 Months  p Value® A 12 Momths (mg'dl)  p Value® A 12 Monthss (%) p Value”

Total chodesterol (mg'dl) LRYGB 200 2+364 17502310 <00 -26.2£37.6 <ul ~-13+16.8 <0
L&G 1916360 19%6.4=385 251 47382 31583

LDL cholesterod imgdll  LRYGE 12594293 10032264  <0uiM - REET N LEITF}} ~185+£323 LT
L&G 11863007 114.6=335 0220 —52+XR.7 21217

HDL cholesterod (mg'dl) LRYGH 3034120 30E:z145  <000M L ESERi] 03z 224395 R (E]]
L&G 483100 &43=130 <0u0nl 15.4=13.1 IAT£356

Trighrcerides {mg dl) LEYGE 12534648  TRI=274 <0l —47.6£35.9 0256 -289+301.3 0203
L&G 12000+56.7  B432352 <UDl =35 0=49.0 =124+31.1

LN, b -densiny lipopentzing, (0N Mgh-densiny Ipopeonzing, LAYCR Inparoscopic Foux-en-Y gasonc bypass, L50 laparscopic shaeve gastractoniy

*p Valucs for comparisons within study group
" v Walwes for comparmsons hetween study grougs

chodesterol changes [2, 16, 18, 32]. These discrepancics can be
parily explained by the impact of the genetic polymomphizm of
HIL on the response after basiatric surgery [34]. Few studies
have compared the effects of LSG and LRYGE on HDL
cholesterol, with LSG showing similar efficacy 1o LEY GH in

A} Total cholesternl
e
- [
E 175
188 - p=0 184
p==0.001
155 p=0.002 polO
Baseline Smontts  Gmeonths 12 months
C) HDL cholesterol
0 -
70 -
p=0.223 p=0.073
i &0 p=0.035 -[
=0
. pe=il), 032
m -
B 3 month & b 12
% RGE

Fig. 2 Changes in lipogrotein concentrations (milligrams per deciliten)
daring 12 momhs follow-up after the bariatnic surgical prooedune, LI
bow-densaty lipoproteins, HIDE high-density lipoproscins, LRYGE Lap-
aroscopic Roux-en-Y gestmic bypass, and LS00 bparoscopic sleeve

) Sprimper
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incrensing HDL cholesterol [19], In the present stwdy, HDL
chalestern] increased after both surgical procedures; however,
surprisingly, this increase was mone marked afler LS. In L3S0,
unlike other restrictive techniques, resection of the gastric fun-
dus is performed, afier which a reduction in ghrelin has been

B LD cholesterol
180 -
140
5 120 4
100
B0+ p=0.334
p=0.008 p=0U001  p=0U001
N -
Blarueline Smonths Gmontks 12 months
D) Triglycerides
200 p=0ET4
p=0818
180 -
§ o - pe0281  p=0.256
B0 -
40 -
Baseline ¥ muonths L] 12 h
LSG

gastrociomy. [Data are expressed as means {stamdand deviation), p
vahses are for ihe differences respoct haseline valses between groups
3 6 and 12 momihs. Sigmificance @ p<0003 was determinod using
Studemt’s ¢ best
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Tabde 4 Predictive fctors for
changes m lipid profile
12 momths afier surgery

Multivariate linear regression
analysis b asess the elfects of
multiple Eactors on changes in
Epid profile 12 msonths sfier
argery

EWL body weight loss,

LDL low-density lipoproieins,
HDE high-density Bpoprotzins,
LEVGE lapamscopic Roux-
en-Y pastnic bypass, Hha

Dependent variahle Independen varinhles 95 %) [ valae &
A Total cholesierol  Constant T3 {=1233 w0 ~22.9) 0005 0428
Baseline total cholesternl 05 0.3 1 L&) <11 (H0 ]
Surgical procedure (LRYGE) 256 (14.3 to 30.5) 0,00
BWL at 1T momibs 0302 1w L Th 0.2Th
Giender 24157 o 13.8) 0,764
Age 08 {— LA s 0L 0033
4 LDL chaolesterod Cianstant 415923 w17 LELER S 0359
Baseling LDL chodestenol 05403 w 0.T) <0001
Surgical procedure (LRYGR) 15,9 (5.3 oo 26.4) 0,004
BWL at 12 montbs 0.2 =02 1o LT 0,320
Giender 2R-124 w 1500 0712
Age 04— 10 0 0.2} 0.1%0
A HDL chalesmerod Constant 2630105 w2 ) KL 256
Haseline HIH. chalestemol Wk 0T w038 <0 (Wil
Surgical procedure (LEYGE) 5.0 (-9.9 80 ~0.0) QM6
Giender LT A=5.7 vy B0 0.73%
Apge O3 0] 1 6) 00zl
A Triglycorsdes Canstant T2A(-1270 w - 17.6) LARTHL] 0.T&T
Baseline wriglycendes O (05 40 DL Th <1101
Surgical procedure (LRYGE) 92 (=151 198) 0,0Es
Type 2 dinheles 173 (-38.2 i ~3.6) 0,103
Bascline HbaA 12.7 (3080 21.7) 000
Gienider 12.5(=27.3 m -1.3) s
Ape 05 (1.1 s DT} 0.132

glyeated hemoghobin

described [9], Some evidence points o a relationship betwesn
ghrelm and HDL metabolism, since the presence of certaim
simgle nucleotide polymorphisms in ghrelin may affect HDL
chodesternl concentrations [35-37]. This fisct, wgether with the
effects of this hommone on satiety, glucose metabolism, and
gastric fillng [35]. may explain the resuls oblained with L3G
i this and other studies m terms of weight loss, dinhetes
remissiony, and HDL metabolism [9-11]). On the other hand.
we want o emphasize that, repandless ofthe surgical procedure.
the benefitz on HDL cholesterol of hanatric sungery are equal to
or even greater than thos: obtained with the available phama-
cological strategies. Baratnc sungery results inoa 3040 %%
decrease i tnighyeende concentration, regandless of the tech-
g, as previously descobed [9, 16-19].

In the present study, after establishing the diffenng -
pact of both bariatric technigues oo lipid profile, we went a
step further by analyzing factors that may predict lipid
response. The only factor associated with a reduction in
LDL cholesterol was the tvpe of surgical technigue used,
probably bocause malabsorpiion appears o play a hasic mole,
and this can be achieved with LRYGE, but noa with LSG.
The correlation between older age and HDIL cholesterol
improvement concurs with the study of Dixon et al [26].

The main predictor of trighyeeride reduction is HbA, level,
regardless of diabetes status, insulin resistance, and baseline

triglycerkde concentrtions. Bariatric surgery results in noe-
maligeaton of HOMA-IR and HhA . in most diabenc pasients
a5 well o5 in nondiabetic subjects |2]. These resulls sugpest
that patients with higher Hbay, (aldvough not mesting critenia
for diabetes) and therefore with a lower beta cell responses 1o
imslin resistance, could achieve a greater reduction in triglve-
eride concentrlions.

Although weight loss and calorie restriction may be
important factors in dyslipidaemia improvement, the mag-
nitede of BWL was not a predictor of hipid changes in the
present study, Dixon et al [26] reported similar results and
Brolin <t al [39] found no differences in lipid profile be-
ween patients who maintained weight loss 5 years after
surgery and those who regained weight,

Limitations of the present study are mainly related 1o
the nonrandomized design, since paticnts were assigned o
cither technique according to clinical criteria. The low
percentage of male patients in this study may have influ=-
enced the results. However, the sex distribution was sim-
ilar 1o that reported in most studies [2, 26, 27]. Data on
physical activity, dictary habits, alcohol consumption, or
smoking cessation that could have bencficial effects on
HDL cholesterol were not collected, We have minimized
these limitmtions by matching bath groups for age, sex,
andd BMI
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Im conclusion, LEYGH, probably due to its malobsom-
tive effect, produces an overall improvement i lipid profile,
with o clear benefit in all lipid fractions, Although LSG does
not alter LDL cholesterol levels, its effect on HDL choles-
ferol. s occurs with weight boss and type 2 dinbetes, 1s
comparble to or greater than that obtnined with mnlabsom-
tive technigiees, These findings on the different effects of the
surgical technigues on hped profile could be useful in the
decision process of the optimal surgical procedure in inds-
vidhual cases. Thus, from o lipid point of view, the presence
of hvpercholesterslaemin die 1o increased LDL cholesteral
should be a critenon 1o take into secount when considenng
LEYGHE. In cases of atherogenic dyslipidaemia, LSG could
be considerad the first oplion.
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are equally effective in correcting insulin resistance
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Sleeve gastrectomy and roux-en-Y gastric bypass are equally effective in
correcting insulin resistance.

International Journal of Surgery. 2013;11:309-13.

Factor d'impacte (2011):1,293.

37



Publicacions

ORIGINAL RESEARCH

Imernational jessnal of Serpery 1) (3003) 300311

International Journal of Surgery

Contents lists available at SciVerse Scioncellrect

journal homeapage: www.thaijs.com

Original research

Sleeve gastrectomy and Roux-en-Y gastric bypass are equally
effective in correcting insulin resistance

David Benaiges™"™%*, Juana A. Flores Le-Roux™"*, Juan Pedro-Botet ™",
Juan J. Chillarén*"<, Marine Renard ?, Alejandra Parri®*, José M. Ramén
Manuel Pera®, Alberto Goday ™ ™*

* Dypuritmeni af Endooriolagy wed Sutnidion, MHopital del M, Joroeln, Spein
= Ihvpar b af Seds ine, Uaaessinn dstimomi de Sk, Ratvrfumi, Spem
"IN Tranitr Hosgvdal o M PTmecslihoskive Aedgici L Boit eloni, Spoti
Bkt off Castrniniesrmal Surgere, Haspial del Al Beroeleon, Spain

ARTICLE INFO

ABSTHEACT

Arti e Al

Eeoetvml W famsary 3017
Eovevyed i ey form

T Felwary 2013

Arcepoed 8 February D001
Aailabde online 2 Febwuary 2013

Ko

Thabames mellin

HO&LA

Irandin IEsHLInCe

Lapsrnsenpic devve gasseciomy
Lajidstsinfie BDii-en-¥ gailfh byjiee

Bockground: Laparoscopic Roux-en-Y gastric bypass (LREYVGE) and Laparpsoopic skeeve gastrectomy (L5G)
are associaled with glocse metsbolisim mproverment although data on insulin fesistance remission
rates after these proced ses are lacking.
Al Prmany S was 10 compane isuhn iesstanie remission raies achievsd alter LEVGHE and L3G, axing
papulation-specific HOMA-® cot-off points. Secondary ohjectives were 10 analyze factors ssociated
wilh type 2 diabetes mcllitus [TZOM] complete remission docording 1o the mew American Diabebes
Associatbon cniteria and (o examine changes in HOMA-B during follow-up.
Miethods: Non-randomized, prospective cobwort stody of patients andergoing LEYGH or LSG with 4 min-
irmal lallew-up of 24 months. Patients on insulin theragy wene cxcluded.
Resulis: AL baseline, 56 [48.7%) of the 115 LEYGE group and 48 (6LSE) of the 78 LG groap had insilin
resistance, and 29 (25250 and 30 (25.6%] T2OM, respeciively. No differences were detecied in insulin
resistance remission rabe (92.9% LEYGE and 75T LSG p = 0.355) nor in T2DM complete remassion M 2
yrar (611 vi 60T respectively, p = 09920 Faclors independently associated wath THDM comiglete
remission were diabetes reament and a greater deorease in 3-month HOMA-IR index. The HOMA-B
index showed a progressive declime during lollow-up.
ComeTudon; Both surgical technigoes ane equally effective in achieving insulin resestance normalization in
e majoriy of severely obese patients. Thiee-mombh HOMA-R reducton after surgery was the main
predictor of T20M complete (eSS0

© 2013 Swrgical Associabes Ld. Published by Elsevier Ledl All righits reserved.

1. Introduction

beneficial effects of banatric sugery on glucose metabolism ane
known, data on msulin fesistanoe remassion rates aller surgery ane

In addizicn to welght loss, some bariatric procedires appear io
have independent metabolic benefits associated with incretin ef-
fects and possibly other hormormal and newral mechanisms! [n this
mespect, laparoscopic sleeve gastrectomy (LSG) has yeelded betier
results than other restrctive bechnsques interms of weight boss and
improwed] glucose I1!H:‘|J'|.l:||.ih|!'|.£ but similar or slightly inlerior
outcomes when compared with bybrid m:hm?.rﬁ such as laps-
roscopic Houx-en¥ pastric bypass (LRYGHL™™S Although the

* Comesporsiong suihor. Hospital del Muar, Depammensd of Endoonnciogy, Masses
Bardtim 3520, 000 Ranaekois, Spain Tel: <3 OXMEI0NE: fax: 04
S,

Eemmnl acfuless: S @pandesalurmanral ([ Benaige )

Lacking. In clindcal practice, insulin resistance and beta-cell funation
have been assessed over the last 20 years by the homegstatic model
assessment | HOMA-R and HOMA- B, respectively 1" Despite a good
comelation with the cuglyoemic hyperinsubinemic clamp method,”
the HOMA- IR index varies widely among populations,® Therefore,
specilic cut-ofl paints to deline inmulin resistance in each popula-
i shioudd be established.

Grven the terminological problems of “remission™ versus “oune”
amd the greal heterogeneily among sudies m defining remission
criteria for type 2 diabetes medlitus (T20M), the Amerscan Diabetes
Association (ADA] in 2009 defined and agreed the critenia for par-
thal and complete remission that are stricter than those previously
used.™ Given the short time elapsed. scant studies have evaluated

FHE-TF 13 — s Bronl masier © 00 Sepesl Assaciaies Ll 'ublndesd by Elsevier Lul. All iighls reservsl

Pt o o b 108 B0 B i X000 LR T
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the remission rate of T2 after h.u'uInr surgery in ohese diabetic
patients with these new criteria.®

The primary aim of the present study was 1o comgane insulin
resistance remission rates acheeved after LEYGE and LSG, using
papulation-specific HOMA-IR cur-off potnrs. Secondary objscrives
WETE [0 examine TZ0M compiere remuission rares aiter Dotn ecn-
nbues acconding o the new ADA criteria and possible associaned
factors and to smidy changes in HOMA-B dunng follow-up.

2. Material and medbods
21 Sauly protecel

A non-randomiped, prospecive cobort @ody was corsiucted on severely obese
peilt el penelerEomng baralns suigery ab (e Hoapeal dad Mat Risceloni Patients
weerr aged berwers 18 and 55 yrars and naeT the 1991 Banaric uarpery crsernaol the
Mational Instizutes of Headith'" bsfication bos the type of sergical procedure [LEYGH
o LSG) wos hased o clinicl onieria and the ooeseEnsus of ehe Hoapitsl del Mar
Basne Fanpery Umit T il vrepent LSG wan prciernad o younie palmeiis, m
Bsontes il o BAADE 3530 45 4 fisd-slep peslenend incses wills B =S5 slihough
grocn D podifee LSG oubiounes noae of [hese patsials had o Ry undergo

Tahde 1
Bz liare sharsersiistos of soverely olaos pativmis widengeding WEYGE i L5G witli a
mitievnsen of tweo years of ol les-up.

LHVGCHm = 105] 150 In = TH| P Value
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Insulin resstance () & (45 T) 48 {61S) s
I'vpe 2 diabetes melitos (%] H[r2] 20{ X5 55

LW Bpasvscopic Bos-ea-Y gastnic bypess 150 Liparoscopic sheeve patrectonnys
HOMA, Homeonraos Model Avcrameent
thid Picemited & TN = FLEREY TR
ooz DS was determised using Stodenns 1-0eL

square for caiegoncal vanables

T pETveLages. Sipmtnaees O
L T oontmoes varubies and chi-

LI!'I'E.:B' diid u.rln.-n o il o wis 10 be Feosded Patert s who ded 5ol

R G | i e

et
it & st o 2 Allsap e el B nmilinemas
incinded in the equatian fer HOMA indes calcelstion, T20% patieses on insilin
et W aba exxieged.

gl shre wias Colpulated soce o it il pha revk ol 1005 s o Bt 1ok of DO
i a bwoesidid Student’s d=lesd; 65 subpect s wene rrq.llrﬂ!lrl. each grop bo defeet a

JTF SN Ay
dilferaee =1 inihe HINS-E il & sistat kally spnifnans 4 35 Pt s T

dunng lolles-up wad ecpected and 4 2 ssandand deviabon was seinimed.

In aooordanoe with thee Stady proocs appeoved by the Bospisal Ethics Com-
mitiee, all patieats were evaluated prooperatiechr and at 3, 6 and 12 months pent
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¥ Results

Al 193 patsents of the study were Cascasian, with a mean age of
45.2 + 8.7 years. bascline BMI of 45.0 = 4.7 kgim?® and mean follow-
up of 249 + 09 ywears. Baseline charactenstics of [RYGE and L5G
patsenis are lsted i Table |, Pabients in the LRYGE group differed
fromm the LSC grosp 0 a gher peopormeon af women and BIL

Progressive weight loss, more marked during the first 3 months
in the LSG group, was cheerved inbath groups during the fimt year
of foedlow-up. Thercafter, weight loss remained stable and without
differences between gnoups [ Fig. 2).

A baseline, 56 (48.7%5) patiens of the LRYGH group and 48
(B1L.2%]) of the LG had insulin resistance, Thece months aler sur-
Ty, HOMA- IR had decreased dramatically in both groups (Frg. 3A4),
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with aremission rate of 91.1% in the LEYGD patients and 9175 in the
156G, p = 0814, Insuli resistance pemission rate achieved after 2
yoars of follow-up was 929% in LEYE group and 875% in LSG
(p = 03551 The HOMA-E index progressively decreased in both
groups during follow-up; hiweever, itwas significamtly higher im the
L5G group o the sccomd and third year post-baratric surgery
(Hg 3B).

Mo differences were observed in baseline characterstics of
T208 patients betwoen groups (Table 2) According to the
applied banatric surgery technique, no differences were found n
the T2OM complete remssion rate (G21E lor LEVGE and GO o
ISG. p - 0892 Factors independently associated with T2DM
complele remision were preoperative diabetes treatment with
deet only, compared with oral drug treatment, and a greater
decrease i HOMA-IR index values three months post-surgery
(Tahle 31

4, Discussion

The present study showed rhat rwo different bariamnc surgery
techniques, LEYGE and LG, are equally effective in achiowing in-
sulin resstance normalization using a population-specific HOMA-
K cut-odl.

Insulin reststance normalisation was artained with both surgscal
ftechniques in almast all patients as carly as 3 months affer surgery.
This finding suggests that weight loss was mot the only factor
responsible for the decline in HOMA-IR after bariainc surgery.
Previous studics found that surgical techniques with a mal-
absorptive component like LEYGE produce a greater HOMA-IR
reduction than that obtained after restrictive technigues such as
vientical banded gpastroplasty, Forthermaore, this reductson oourred
soon after the proocdure, when significant weight loss had not yet
been achieved! These findings could be explained by changes in
gut hormaeal mechanisms, such as moreased secretion of Incretins
that enhance insulln sensitivite'*™® In the present study, LSG.
despite being a restnictive technigue, produced an ecarlly impredse-
ment n mslin sensatnaty al 3 amibe magnitode o that achieved
wath LRYGE, A podzible explanarion for rhis Anding coald be relaned
o the characteristics of the LSG technique. 156 indudes a gastric
fundus resection, unlike ather restrictive techniques, that causes a
decrease in ghrelin conoentration, a hommone that produces insulin
resistance." 17

In the present stody, all paticnts met the crtera for partal
rermasiien and approximately GOL Tor complete T20M nomdssion
alver a 2 yeas-Tolbove-up. In other studbes comparing LEYGE and LSG,

HOMA-R

b1
Follow-up in months

Baclims 3 @ 12

fig. % Changes m HOLA durieg ioBow-gp 8 the burulne wrgcsl prooediee, A: Chanpes m HOBA-TE: & Chanpes m HONLA -6, B0MA, Bomeostab ol assmoomen| . HOGA-
1R el 8o diefieer iulin resistancr, 0AA-I: Nodel i define beta-cell ipctiom: UOGE, Lipsrmcopic Bous-re-Y g bypass: L0 Upamscopic sheevr gas trectomsy. el aie
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the owerall remission rate of T2DM was above S0% with both
rechniques.'® * The lower T20M remission rate found in the pre-
sent study could be explained by at least two facts, First. in provions
studics fhere was a wide heterogencity in the oritema used for
tialsetes remissien o some stmdics, reniission Crlera wers mon-
specilied, " gihers only inchuded diabetes medication with-
drawal "™ while others used HbA <6.5% and fasting glucose
< 125 mghdl once medication had been withdrawn, ™" And second
in addition to stricter heochemical oritenia for T20M romission
{fasting glucose < 100 mg/dl and HbA < GOE)L the now ADA
criteria recuire these biochemical parameters to be maintained for
il kedst one year.

In obese patients with shon T20M duration such as those in
our study populatien, insulin redstance predominates over
beta-cell dysfunction,” Therefore, in these patients, enhancement

of imsdin semsiivity 5 8 koy lacior for glucose mctabolism
impaovement. This is consestent with the finding that HOMA-IR
reduction 1 months post-surgery was a predicior of T2DM com-
phete remission Dwo years after the procedure. Moreover, the shoat
duration of diabeles of the subjects included in ths shedy may
explain the lack of association of diabetes remision wiath other
factors previously described such as waist drcumiference and

T20M duration. ™

The HOMA-B jndex js a marker of pancreatic bota-cell funetion,
Im a healthy subject with a normal BMI and no Lamily history of
diabetes mellitus, the HOMA-B index is expectod vo be close to 100,
imicanin g oprimal beta-co I funcniom (T L Subjects in i present
sipdy had a2 mean haseline level above 100 that progressively
devreased duning follow-up These resulis suggest that, preopera-
mivedy, beta cells in these patienis had a compensabery hyperfumc-
tson and, after banatric sungery, insulin resistanoe remission caused
a dechnge in this compensatory insulin secretion. reflected n a

Tabbe 3
Faitons sollaiad o covmplay soonssm of Typr 2 Sabvivs ioellitus Two g aller
surgery. Ddds ratio (OR] obtained by logrilic pegreision Jsalyas

L ST comlidenor P Value
mierval
Agre (1L | DTE- 106 a7
(et tharrapy alene Ui [ = ] [ILI1E]
LEVCE 1 | BIR=ATT T
Dhegregss mm HHIMA-H 1.3 ray—Lm (=L b
umins at 3 months
L EWL at 3 months T -4 (L]

LEWCE Lpisoicopk Moo-enY gaarc bypaic HOMSA Homeosratss Mods]
Adcrsimeril, L EWL peroenbige exocss vworghil s

reduction in The HOMA-B index. On the other hand, surgical tech-
Niguees with & malabseprive Component Cause an increase in -
mones with an incretin effect, These hormones rase insulin
seeretion, but only in the postprandial period. Therefore, the
HOMA-B index, which estimabes beta-cell funcrion in the fasting
state, would not be the optimal method of evaluating postprandial
insulin secretion improvement in these patients™

The present study was not witheout Hmitations, First, patkents were
not randomly assigned 1o erther of the banatric surgery techniques
and therefore the baselne characienistics of patsents inchded incach
group wene noc comparable. Second, diabetic patients included in the
present study had a shod disease duration, the magonty did not
redpuine pharmaceleg cal breat ment and those on insulin therapy were
ecxcluded. Therefore, the results fownd cannot be generalized o the
whale diabetic population. Finally, insulin resistance was assessed
using the HOMA-IR index: however, 3 mone accurate method for
guantifiring insulin resistance, the sughpeemic yperinsulinemic
clamp, was not used since it is imeasive and time-consuming.

5. Conclusion

In conchusion, LRYGE and LSG ane equally offective in achieving
mslin resistance nommalization in almost all patents, Further-
more, both technigues achicwed similar TZ0M complete remission
rates and HOMA-IR reduction at 3 momhs after surgery was the
miain predicior. The HOMA -B index should be carefully interpreted
in these patients.
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La realitzacié i finalitzacié d’aquest projecte d'investigaci6 ha permes
coneixer alguns dels efectes metabolics de la GTL, mitjancant la comparacié
amb l'actual técnica de referéncia, el BGYRL. Ambdues técniques produeixen
una similar perdua de pes, disminucioé del risc cardiovascular estimat i de la
concentracid de triglicerids, i remissio de la DM 2, la hipertensié arterial i la
resistencia a la insulina. En canvi, s’han detectat diferéncies en la evolucio
postoperatoria de la concentracié dels colesterols total, LDL i HDL. A més a
més, s’han obtingut resultats sobre quina és la taxa de remissio total de la DM2
amb els nous criteris de la ADA. Per ultim s’ha avaluat quins factors es

relacionen amb la remissio de la DM2 i amb els canvis del perfil lipidic.

Com s’ha exposat anteriorment la superioritat del BGYRL a les técniques
restrictives classiques com la gastroplastia vertical anellada, es deu en part a
mecanismes hormonals intestinals (16-18). El fet que una tecnica restrictiva és
mostri igual d’efica¢ que el BGYRL, fa pensar que amb la realitzacié d’'una GTL
també esta implicat algun mecanisme hormonal. L’explicacio sembla trobar-se
en diferencies tecniques entre les cirurgies restrictives. La restriccido gastrica
amb altres tecniques restrictives com la gastropastia vertical anellada es
realitza mitjancant unes sutures sobre I'estbmac sense realitzar cap reseccio.
En canvi amb la GTL es realitza una reseccié principalment de I'antre gastric.
En aquesta localitzacio és on es produeix la ghrelina, una hormona amb efecte
diabetogen i que augmenta l'apetit (65). Recentment varis autors, incloent el
nostre grup, han descrit un descens d’aquesta hormona després de la GTL (24,

66) donant suport a aquesta hipotesis.
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En el primer dels treballs publicats, s’ha observat un important descens
en el risc cardiovascular estimat un any despreés de la cirurgia bariatrica. Aquest
descens s’explica per la milloria de varies variables incloses en la formula. Aixi,
s’ha produit un descens en el colesterol total, i les pressions arterials, un
augment del colesterol HDL i una resolucio de la malaltia en practicament tots

els subjectes amb DM2.

Existeixen unes remarcables diferencies segons la férmula utilitzada per
estimar el risc cardiovascular. Aixi, abans de la cirurgia el risc cardiovascular
estimat amb la férmula de Framingham és del 6,55%, similar al d’altres estudis
amb poblacié americana (34-37). En canvi amb el model REGICOR és del
3,75%. Per tant, si assumim que el model REGICOR és el més adequat per a
la nostra poblacid, el risc cardiovascular estaria sobreestimat un 2,8% amb la
formula de Framingham. Per altra banda, tot i que amb els 2 models es
produeix un descens relatiu al voltant del 50%, el descens absolut és major
amb el model Framingham (3,2% vs 1,8%). Per tant, els beneficis de la cirurgia
bariatrica son menors usant el model REGICOR, ja que el nombre de pacients
a tractar per evitar un esdeveniment cardiovascular a 10 anys sén majors (54

vs 31).

Aquest millor perfil cardiovascular en poblaci6 mediterrania es pot
explicar en part per la dieta mediterrania. Aquesta és una dieta rica en vegetals,
fruites, fruits secs, peix, carn blanca i oli doliva. Recentment [|'estudi
PREDIMED ha mostrat una reduccio en el desenvolupament d’esdeveniments
cardiovasculars amb la dieta mediterrania en comparacié amb una dieta baixa
en greixos (67).

45



Discussio

No s’han detectat diferéncies entre les técniques en la evolucié del risc
cardiovascular. Totes 2 técniques presenten un any després de la cirurgia un
risc cardiovascular al voltant del 3,5% amb la férmula de Framingham i del 2%
amb el model REGICOR. Tot i aix0 cal destacar que el descens del risc
cardiovascular és major amb el BGYRL encara que les diferencies no han estat
significatives. Una possible explicacié a aquest fet és el major descens dels

colesterols total i LDL i la major taxa de milloria de la dislipemia amb el BGYRL.

L’estudi publicat posteriorment a la revista Obesity Surgery ha permes
coneixer amb meés profunditat els canvis en el perfil lipidic durant I'any posterior

a la realitzacié de les 2 tecniques de cirurgia bariatrica.

No s’han detectat diferencies en el descens dels triglicérids durant I'any
posterior a la cirurgia al comparar les dues técniques. La seva concentracio ha
disminuit progressivament i de forma similar a altres estudis, assolint als 12
mesos un descens entre el 30 i el 40% (45-49). El descens en la concentracio
dels triglicerids durant el seguiment s’ha associat amb un major valor inicial de
la HbAlc, independentment del diagnostic de diabetis i de la resisténcia a la
insulina. Sén ben coneguts per una banda la estreta relaci6 entre el
metabolisme de la glucosa i el dels triglicérids, i per altra banda que després de
la cirurgia bariatrica la Alc baixa a practicament tots els subjectes
independentment de si tenen o no diabetis (12). Tenint en compte aquests dos
factors, els resultats obtinguts suggereixen que aquells subjectes amb una
major Alc, i per tant amb una menor resposta de la cél-lula beta a la resistencia
a la insulina, poden tenir un major potencial per disminuir la concentracié de
triglicérids.
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La principal diferéncia en la resposta del lipids entre les dues tecniques
ha estat I'evolucio en el colesterol LDL. Per una banda, la seva concentracio ha
baixat de forma important després del BGYRL i en canvi per altra banda s’ha
mantingut estable després de la GTL. El fet que la concentracié del colesterol
LDL no varii després de GTL al igual que després d’altres tecniques restrictives
(48-50, 69, 69), fa pensar que la malabsorcié produida per la tecnica quirdrgica
és un factor determinant, i que en canvi els factors hormonals intestinals no hi
juguen un paper important. Hi ha diversos arguments que suporten aquesta
hipotesi. En primer lloc, s’ha observat que com major és la malabsorcio de la
técnica quirdrgica major és el descens del colesterol LDL. D’aquesta manera, el
descens del 50% en el colesterol LDL després d’'una técnica amb un gran
component malabsortiu com la derivacid biliopancreatica (12, 70) és molt
superior al 17-20% observat després de BGYRL (45-47). En segon lloc,
Pihlajamaki et al va descriure que després d'un BGYRL disminueixen els
marcador sérics d’absorcié de colesterol, a diferencia del que passa després
d’'una banda gastrica (50). Per dltim, cal destacar que el descens en el
colesterol LDL és similar al que es produeix amb I'ezetimibe, un inhibidor
selectiu de Il'absorcié intestinal de colesterol (71). A part de la tecnica
quirurgica, no s’ha detectat cap altre factor associat al descens del colesterol

LDL durant el seguiment.

Un dels resultats més remarcables d’aquest treball ha estat la evolucié
del colesterol HDL després de la cirurgia bariatrica. S’ha observatque el
colesterol HDL augmenta després de les dues técniques, perd que ho fa de

forma més important després de la GTL. L’augment del colesterol HDL després
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de BGYRL esta ben documentat a la literatura (45-47). En canvi després de
tecniques restrictives els resultats sén contradictoris i, en general, es mostren
menys eficaces que el BGYRL (48-50, 72). El fet que la GTL es mostri com a
minim igual d’efica¢ que el BGYRL podria estar causat també pel descens de la
ghrelina després de la cirurgia. En aquest sentit, s’ha descrit que alguns
polimorfismes de nucleodtids simples de la ghrelina poden influenciar en el
metabolisme del colesterol HDL (73, 74). A més a més de la técnica quirdrgica,
laugment amb la concentraci6 del colesterol HDL s’associa de forma
directament proporcional amb la edat, dada que coincideix amb l'estudi de

Dixon et al (69).

L’evoluciéo del colesterol total s’explica pels canvis en les diferents
fraccions, els colesterols LDL i HDL. Aixi, el descens després del BGYRL es
deu principalment a I'important descens del colesterol LDL. En canvi, 'augment
(tot i que no assoleix la significacio) després de la GTL s’explica per fet que el

colesterol HDL augmenta i en canvi el colesterol LDL es manté estable.

Tot i que altres treballs ja han estudiat els efectes de les dues tecniques
sobre el metabolisme de la glucosa i la resisténcia a la insulina (45-48), aquest
projecte d’'investigacio ha detectat resultats destacables i que aporten novetats

en el coneixement d’aquesta area.

Aquest estudi ha estat el primer en determinar la taxa de remissié de la
resisténcia a la insulina, establint el punt de tall del HOMA-IR que defineix
resisténcia a la insulina per a la poblacié de I'estudi. Totes dues técniques
produeixen un descens profund i preco¢ en el HOMA-IR, de forma que als 3

mesos practicament tots els subjectes presenten remissié de la resisténcia a la
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insulina. El descens del HOMA-IR després de técniques restrictives diferents a
la GTL es produeix de forma més gradual i en relacié directa amb la pérdua de
pes (75). L'augment de la secrecié d’hormones amb efecte incretina després
del BGYRL (76, 77) i el descens de la ghrelina després de la GTL poden
explicar aquest descens brusc en el index HOMA-IR després de les dues

cirurgies (66).

El HOMA-B és un marcador de la funci6 de les ceél-lules beta
pancreatiques. Aixi, un subjecte sa sense sobrepes ni antecedents familiars de
diabetis ha de presentar un HOMA-B de 100, indicant que la funcié de beta
pancreatica és del 100%. Els subjectes amb obesitat greu inclosos a I'estudi
presenten abans de la cirurgia un index HOMA-B superior a 100. Aix0
suggereix que les cél-lules beta estan hiperfuncionant per intentar compensar
la resistencia a la insulina que presenten les persones amb obesitat. La
remissio en la resistencia a la insulina després de la cirurgia, explicaria el
descens del HOMA-B, ja que no seria necessaria aquesta hipersecrecio
d’insulina. Tot i aix0, la secreci6 hormones amb efecte incretina després del
BGYRL faria esperar un augment de la funcio beta i per tant de 'index HOMA-
B. Tot i aixo el HOMA-B estima la funcio beta pancreatica en deju i en canvi

aguestes hormones milloren la secrecio d’'insulina al periode postprandial (78).

Classicament ha existit una gran heterogeneitat per definir remissié de
DM2. Aixi, alguns autors no defineixen els criteris (79, 80), alguns ho defineixen
Unicament per la retirada de medicacié (81, 82) i altres utilitzen diferents punts
de tall d’'HbAlc i glicemia plasmatica basal (64, 83). Per intentar solucionar
aquest problema un grup d’experts de la ADA va definir I'any 2009 uns criteris
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de remissio total i parcial (63). Aquests criteris sbn més estrictes que els
utilitzats en la majoria d’estudis ja que, per una banda, marquen uns punts de
tall més baixos i, per altra banda, exigeixen que aquests objectius metabolics
es mantinguin com a minim durant un any. La taxa de remissio de diabetis ha
estat avaluada a dos dels treballs publicats utilitzant diferents criteris de
remissio. Al primer, s’ha obtingut una taxa de remissié del 90%, definint
remissié com una glicemia <126 mg/dl i una HbAlc <6% sense necessitat de
tractaments hipoglucemiants. En canvi a larticle publicat a la revista
International Journal of Obesity utilitzant els criteris nous de la ADA la remissio
total és destacadament inferior amb un valor d’aproximadament el 60%.
Actualment s’accepta que la remissié de la DM2 després de la GTL i el BGYRL
és superior al 80%, com es desprén de la majoria d’estudis que comparen
aguestes técniques quirargiques (23, 25, 83). Tot i aix0, I'Us generalitzat dels
criteris de la ADA en publicacions futures pot condicionar un descens en la taxa

de remissié de DM2 acceptada fins a I'actualitat.

Alguns treballs han avaluat quins son els factors que s’associen a
remissi6 de DM2 durant el seguiment (84, 85). En un dels estudis més
destacats, Dixon et al (86), va descriure que la remissié de DM2 s’associa a un
temps d'evolucié de la DM2 menor a 4anys, un IMC major a 35Kg/m? i un
peptid C superior a 2,9ng/ml. Aquests resultats suggereixen que aquells
subjectes amb una DM2 amb una major conservacié de la funcié secretora
d’insulina, son els que es poden beneficiar més de la cirurgia bariatrica. En
canvi, al present estudi I'inic factor que s’ha associat amb la remissié de DM2

ha estat el descens del HOMA-IR tres mesos després de la cirurgia. Aquest
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resultat es pot explicar pel fet que els pacients amb DM2 de la nostra cohort
presenten una evolucié de la diabetis d’aproximadament 1 any i mig. En la
fisiopatologia de la DM2, als pacients amb una curta evolucié de la malaltia
predomina la resistencia a la insulina per sobre de la disfuncié de la cel-lula
beta (87). | per tant, la milloria en la sensibilitat a la insulina ha de ser un factor

clau en la milloria del metabolisme hidrocarbonat.

S’ha de reconeéixer que el present projecte d’investigacié no esta exempt
de limitacions. En primer lloc cal destacar que tot i ser un estudi prospectiu,
I'assignacio dels pacients no s’ha realitzat de forma aleatoritzada siné que
s’han utilitzat criteris clinics i consensuats per la unitat de cirurgia bariatrica de
I'hospital del Mar. Aixi, en I'eleccié de la GTL s’ha seguit uns criteris similars als
proposats per Tucker et al (22): subjectes joves, aquells amb IMC entre 35 i 40
Kg/m?, com una cirurgia de primera fase en aquells amb un IMC >50kg/m? (tot i
qgue donats els bon resultats obtinguts amb la GTL, cap subjecte ha requerit un
posterior BGYRL) o quan ha existit la possibilitat de malabsorcié de farmacs.
Tot i aix0, cal destacar que no s’han detectat diferencies significatives entre els
grups al treball publicat a Surgery for Obesity and Related Diseases i que
anicament hi ha hagut diferencies en la distribucioé del sexe a I'estudi publicat a
International Journal of Surgery. Coneixent la influencia que poden tenir el
sexe, la edat i el IMC en el metabolisme dels lipids, a I'estudi publicat a Obesity
Surgery s’ha optat per aparellar els subjectes per aquestes tres

caracteristiques.
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Es remarcable també que el seguiment es limita als primers 12-24
mesos després de la cirurgia. Per tant es desconeix si la igualtat en la eficacia

de la GTL respecte a BGYRL en molts aspectes es manté a llarg termini.

No s’han recollit dades sobre activitat fisica, habits alimentaris, consum
d’alcohol i abstinencia en el consum de tabac. Aquests son factors poden

influenciar en diferents aspectes del metabolisme de la glucosa i dels lipids.

Per a la determinacio de la resistencia a la insulina no s’han utilitzat
metodes altament precisos com el clam hiperinsulinemic. S’ha optat per I'is del
HOMA-IR perqué és menys invasiu, consumeix menys temps, esta validat per a
la nostra poblacié (62) i perqué, com que el seu Us esta ampliament estes, es

poden comparar els resultats amb els obtinguts per altres estudis.

Per ultim cal destacar que els pacients amb DM2 inclosos a I'analisi
poden ser catalogats com amb “diabetis mellitus lleus”, ja que presenten una
curta evolucié de la malaltia, presenten un bon control metabadlic i la majoria no
requereixen tractament farmacologic. Per tant, els resultats obtinguts no es
poden extrapolar a la resta de poblaci6 amb DM2. En aquest sentit cal destacar
que els subjectes han estat controlats per una unitat de cirurgia bariatrica i no
de cirurgia metabdlica. La cirurgia metabolica €s un concepte que ha emergit
els ultims anys arrel dels efectes més enlla de la perdua de pes que produeix la
cirurgia bariatrica. La indicacido de la cirurgia es realitza amb |'objectiu de

controlar les malalties metaboliques i no només per perdre pes (88, 89).
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5. CONCLUSIONS
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D’acord amb els objectius especifics plantejats a l'inici d’aquest projecte
d’investigacié que compara els efectes de la GTL i el BGYRL 12-24 mesos
després de la intervencié quirargica, les conclusions pertinents sén les

segients:

Després de 12 mesos de la cirurgia, la GTL i el BGYRL produeixen un
descens comparable en el risc cardiovascular estimat tant amb la férmula de
Framingham com amb la de REGICOR. L’Us del model de Framingham en la
nostra poblacié pot sobreestimar els beneficis de la cirurgia bariatrica sobre el
risc cardiovascular. Per tant I'is del model REGICOR podria resultar de major

utilitat a la nostra poblacié.

No es detecten diferéncies entre les dues técniques en la taxa de
remissié de la hipertensio arterial 12 mesos després de la cirurgia. La milloria o

remissié de la dislipemia és menor amb la GTL.

Un any després de la intervencio, el BGYRL produeix una milloria global
en el perfil lipidic (descens del colesterol total, colesterol LDL i triglicerids amb
augment del colesterol HDL). En canvi, la GTL no altera les concentracions de
colesterol LDL i s’associa a un major augment en el colesterol HDL que el

BGYRL.

Els predictors en la milloria de les concentracions de lipids son la
realitzacio d'un BGYRL per al colesterol LDL; una major edat i la realitzacio
d'una GTL per al colesterol HDL; i els nivells inicials de HbAlc per als

triglicérids.
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La remissié de la resisténcia a la insulina s’assoleix en la practica
totalitat de subjectes intervinguts, tant amb BGYRL com amb GTL. La remissio
s’aconsegueix de forma preco¢ als 3 mesos, i es manté 24 mesos després de

la intervencio.

Aquest descens del HOMA-IR tres mesos després de la cirurgia
s’associa amb la remissio de DM2, a la nostra cohort de subjectes amb curta
evolucio de la DM2. Les dues técniques es mostren igual d’eficaces en assolir
remissio total de la DM2 amb els nous criteris de la ADA als dos anys de

seguiment.

Els resultats globals obtinguts al present projecte d’investigacié han
aportat una important informacidé que pot ser utilitzada en la practica clinica a
I'hora d’elegir la tecnica de cirurgia bariatrica. La milloria del colesterol LDL
s’aconsegueix Unicament amb el BGYRL. Per altra banda la GTL és una
tecnica amb major simplicitat técnica i menor taxa de complicacions
postquirargiques (20, 21). Tenint en compte aquests dos fets, el BGYRL podria
estar sobretot en aquells subjectes amb un major colesterol LDL i la GTL podria
substituir el BGYRL com a tecnica de referéncia. Tot i aix0, sén necessaris

estudis que avaluin la eficacia de la GTL a llarg termini.
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La principal investigacié de futur sera determinar si els beneficis de la
GTL es mantenen equiparables al BGYRL a llarg termini. Estudis recents
semblen mostrar que a partir dels 18 mesos després de la GTL s’observa una
lleugera recuperacié de pes, pero que aguesta és similar a la del BGYRL (90,
91). Falten estudis que constatin els efectes metabolics de la GTL a llarg

termini.

S’han detectat importants diferencies en la reducci6 del risc
cardiovascular entre els models Framingham i REGICOR. Per tal de poder
determinar quin dels dos models prediu millor el desenvolupament de malaltia
cardiovascular en subjectes mediterranis amb obesitat morbida sotmesos a
cirurgia bariatrica, seria necessari seguir aguests subjectes durant 10 anys per

tal de determinar la incidéncia real de malaltia cardiovascular.

Un dels resultats destacables d’aquest projecte han estat les importants
diferencies observades segons el criteri utilitzat per definir remissio de DM2.
Actualment s’esta analitzant la taxa de remissio de DM2 després de la cirurgia
bariatrica, comparant el criteris més utilitzats els ultims anys amb els criteris
que ha proposat la ADA, el quals s’han d'imposar com els criteris a utilitzar en

tots els estudis futurs.

Per ultim, s’investigara I'efecte de les diferents técniques de cirurgia
bariatrica sobre un grup de subjectes amb obesitat definits com a obesos
metabolicament sans (92,93). Es tracta de subjectes amb obesitat, pero que a
diferencia de la majoria de persones amb obesitat no presenten resistencia a la

insulina ni comorbiditats.
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