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i i  

The e f fe c t s  o f  the d i e t  s ugges ted i n  the Un i t ed S t at e s  D i e t ary 

Goa l s  on s erum c ho l es t e ro l l eve l s  was s tud i ed by u s ing m a l e  H o l tzman 

rat s . The re were twe l v e  exp e r imen t a l  d i e t s . A l l o f  the d i e t s  

c on t a ined 2 8 %  o f  t o t a l  c a lo r i e s  a s  fat . The typ e o f  f a t  was e i ther 

s aturat ed , uns atur a t ed , o r  ha l f  s at urated and ha l f  uns a t ur a t ed . Two 

s ourc es  .o f  c arbohyd r a t e ,  sucro s e  and c o rns t arch , and tw6 l eve l s  o f  

each , 5 2% and 6 2% , were exam ined . The s ource  o f  p ro t e i n  w a s  t he s ame 

in a l l d i e t s , but  var i e d  in amou.n t , 1 0% o r  2 0% of t o t a l  c a l o r i e s . 

The typ e o f  f at d i d  no t y i e l d  a s igni f i c ant d i f f e renc e  in t o t a l  

cho l e s t e r o l ,  b u t  HDL cho l es te ro l l eve l s  w e r e  s i gni f i c an t l y  h igher i n  

d i e t s  wi t h  uns at u r a t ed fat . Di e t s  containing s�c ro s e  y i e l d ed 

s ign i f i c ant ly hi gher t o t a l  cho l e s tero l l eve l s  than c o rn s t arch b as ed 

d i e t s, e s p ec i a l l y when the f a t  was ha l f  s at ura t ed and ha l f  uns aturated . 

Percent HDL cho l es t ero l l eve l s  were s i gni f i cant ly h igher i n  t he s t arch 

d i e t s  than in the s u c r o s e  d i e t s . Leve l o f  pro t e in i n  t he d i e t s  

prod u c e d  no s i gn i f i c an t  e f f e c t s  exc e p t  that t o t a l  c ho l e s t ero l and 

p erc ent HDL cho l e s t ero l were highe s t  when the l owe s t  l ev e l of p ro t e in 

w�s c omb ined wi th � at u r a t ed fat . As the leve l 6f s uc ro s e  i nc r eas ed and 

l eve l s  of p r o t ein d e c reas ed , t o t a l  cho l e s t ero l inc re a s ed and p er c ent 
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HDL cho l est ero l d e cr e as e d . The e f f e c t s  were  j us t  t he o p p o s i t e  w i th 

s t arch , t o t a l  c ho l es t ero l d e c reas e d  and p e rcent H DL i nc re as ed . From 

the s e  restll t s , i t  app e ars  that the source  and l ev e l o f  c arbohyd rate  i n  

the d i et had t h e  mo s t  e f f e c t  o n  s e rum cho l e s t e ro l l ev e l s . 
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CHAPTER I 

INTRODUCT ION 

The l ead ing c au s e  o f  death and d i s ab i l i ty in the U n i t e d  S t ates  

and o the r indu s t r i a l i z ed nat i ons i s  c o ronary heart  d i s e as e ( CHD ) . More 

deaths per y e ar are c au s ed by CHD t han any o ther d i s eas e , i nc l ud ing a l l  

forms o f  c anc er c omb ined . In 1 9 8 3  there were more t h an o ne m i l l i on 

heart a t t acks in the Uni t ed S t a t e s , mo re than h a l f  w i th f at a l  r e s u l t s  

( 1 ) . Many o f  t ho s e  who r ec over remain d i s ab l ed f or t he r e s t  o f  t h e i r  

l ive s . The p e r s on a l  l o s s  and t he e conomic l o s s  t o  s oc i e t y  i s  c ons id e r� 

ab l e . Accord ing t o  t he N a t i onal H e a l th , Lung , and B l o o d  I ns t i tu t e , 

deaths f rom h eart  a t t acks annual ly c o s t  Amer i c ans an e s t imated  $60 

b i l l ion in med i c a l  b i l l s , l o s t  wag e s , and p roduc t ivi ty ( 1 ) . 

B e c au $ e  o f  the  h i gh inc i d enc e o f  CHD , much a t t ent i on h as b e en 

focus ed on f ind ing a way t o  p � event t h i s  d i s e a s e . I t  h as b een w e l l  

e s t ab l i s h ed t h a t· h i gh l eve l s  o f  t o t a l  b l ood cho l es t e r o l a r e  a s s oc i a t ed 

w i th an inc re a s e d  r i s k o f  CHD . Current i nteres t c en t e r s  u pon e xami ning 

ways t o  l ower t h e s e  l eve l s  ( 2 -4 ) . 

Cho l e s t e ro l , a s  w e l l  as  p ho s pho l i p i d s , t r i g lyc e r i d e s , and o ther 

fats , i s  t rans p o r t ed in the  p l asma bound t o  p ro t e in . The s e  f at 

trans p o r t ing p ar t i c l e s  a r e  c a l l ed l i popro t e ins and a re c ommon ly b roken 

down into g ro u p s  accord ing to t he i r  d ens i ty .  They a r e  c l a s s i f i ed a s _ 

chy l omi c rons , v ery l ow d ens i ty l i popro t e ins ( VLDL ) , i n t erm ed i a t e  

dens i ty l i p o p ro t e ins ( IDL ) , l ow d ens i ty l i popro t e ins ( LDL ) , and h i gh
. 

dens i ty l i p o p ro t e ins ( HDL ) . The main c arr i ers o f  cho l e s t e ro l a r e  L DL 
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and HDL . M any e pid emio l ogic a l  s tudies indica t e  t ha t  an inc reas e in LDL 

and a dec reas e in HDL is r e l ated to inc reas ed incid enc e  o f  c ardio

vas c u l ar dis e a s e  and CHD ( 1 - 7 ) . 

One o f  the m ain f unc tions o f  LDL s e ems t o  b e  t h e  t r ans p o r t  o f  

cho l e s t er o l t o  a l l  c e l l s  o f  the b ody , inc luding c e l l s o f  a r t eria l wa l l s  

( 3 , 5 ) . A l though b ody c e l l s need a s t e ady s up p ly o f  c ho l e s t ero l t o  g row 

and f unc tion p ro p e r l y , t hey need to  be p ro t ec t ed a g ains t an e xc e s sive 

accumu l at ion of c ho l e s t ero l .  Too much c ho l es tero l in a r t e ry w a l l s  may 

l ead to a thero s c l e ro sis , a dis eas e c ommon ly a s s ocia t e d  with C HD , which 

may c au s e  c omp l e t e  ·b l ockage o f  the art ery . One h yp o t h e sis i s  t ha t  HDL 

func tions a s  a c arrier o f  cho l e s t ero l f rom the  b ody c e l l s t o  t h e  liver 

whe r e  it c an be me t abo lic a l ly a l t ered_f o r  excretion . I f  t his 

hypo thesi s  _is c o rrec t , it  wou ld be a c onsis t ent p oint with o b s erv ations 

of the app arent pro t e c tive e f fe c t s  of HDL ag ains t a th e r o s c l ero sis and 

CHD ( 5 - 7 ) . 

To t a l  b l o o d  c ho l e s t ero l ( t o t a l - C )  and the p ercen t a g e  o f  t o t a l  

cho l es t ero l c arried b y  LDL may b e  r educed and the  p e r c en t age o f  t o t a l  

cho l e s t er o l c a rried b y  HDL may be incr eas ed by modific a t ion o f  t he 

die t .  Many s t udie s h ave b een c onduc t ed on d i e t s  l ower in s a turat ed f at 

and h igher in p o lyuns a t u r a t ed fat . A l though there  is s ome 

dis agreement , r e s u l t s  f rom mo s t  s t ud i e s  indic ate  t hat  d i e t s  h i gh e r  in 

po lyuns a t u r a t e s  r ed u c e  t o t a l  and LDL cho l es t e ro l ( LDL - C ) , . but  d ec r eas e 

on ly s l ig h t ly o r  have no e f f ec t  �n l eve l s  o f  HDL c ho l e s t ero l ( HDL - C )  

( 4, 8, 9 ) ( Tab l e  1 ) � 

The. s o urc e o f  p ro t ein in the d i e t  h as a l s o  b e eri t he o bj ec t o� 

some c onc e rn to r e s e archers . In s everal s tud i e s , w i th t h e  l eve l and 
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typ e o f  f�t h e l d c ons t ant , p r o t ein f rom p l ant s ou r c e s  was  f o und t o  

p roduce  l ower b l o o d  cho l e s tero l l eve l s  t han p ro t ein f rom anim a l  s ources 

( 9 , 10 ) . However , a d e t riment a l  e f f ec t w as a l s o  r ep o r t ed in o ne s tudy . 

The amount o f  H DL - C  w a s  f ound t o  d ecrease  when p l an t  p ro t ein w as 

inc � eas e d  ( 10 )  ( Tab l e  1 ) . 

Dif f e rent c arbohydrat e s ources  and l eve l s  a pp e ar t o  a f fe c t  

cho l e s t ero l t o  v arying extent s .  Simp l e  s ug ars , s uch a s  s uc ro s e , and 

comp l ex c arbohydrat e s , s uch a s  c o rns t arch , hav e  b e en s hown t o  h ave 

simil ar e ff e c t s  o n  t o t a l  c ho l es t ero l ( 1 1 , 1 2 ) , but s uc ro s e  s eems t o  

produce  a more f avorab l e  HDL - C : LDL - C  ratio ( 1 1 ) . V arying l ev e l s  o f  

suc r o s e  i n  t h e .diet m ay c hange t hese r atio s ; a s  t he amount o f  s uc ro s e· 

in t he diet inc reas e s , the HDL - C : LDL - C  b ecomes l e s s  f avor ab l e  ( 1 3 )  

( Tab l e  1 )  . . 

Tab l e  1 
Die t ary I n f l u ence s  on Cho l e s t ero l L eve l s  

Component o f  Die t 

Po lyuns a t ur a t ed F at 
S at u r a t ed F at 
P l ant P r o t ein 
Anima l P r o t ein 
Comp l ex C arbohyd r a t e  
S imp l e  S ugar 

E f f ec t on 
To t a l  and LDL Cho l e s t ero l 

Decrease  
Increas e 
D ecrease  
Increas e 
No  E f fec t 
N o  E f f ec t 

Very H i gh L eve l s  o f  S imp l e  S ugar Increase  

S t a t ement o f  t he P r o b l em 

HDL C h o l e s t e r o l  

N o  E f f e c t  
D e c r eas e 
D e c r e a s e  
D e c r eas e 
N o  E f fec t 
N o  E f f e c t  
D ecr e a s e  

M u c h  r e s e arch h as b e en �onduc ted on ind ividua l  e f f ec t s  o f  

carbohydrat e , p ro t ein , and f at on c ho l e ste ro l l eve l s . Lit t l e h as b een 

done on t he combina tion o f  the var i ab l es  as s ugge s t ed in t he d i e t ary 
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g o a l s rec ommend e d  by the Uni t ed S t a t e s  S enat e  S e l e c t  C omm i t t e e  o n  

Nu tr i t ion and H uman N e ed s . Recommendat i ons o f  t h i s  c ommi t t e e  i nc l ud e  

pro t e in a s  1 2  p ercent o f  t o t a l  c a l o r i e s , f a t  a s  3 0  p er c en t , and 

carbohyd rat e a s  the r e s t  of the t o t a l  c a l o r i es . Reduc i ng s at urated f at 

to 1 0  p e r c ent o f  t o t a l  c al o r i e s  and inc reas ing p o lyun s a t ur a t e d  and 

monouns a t ur a t ed f ats to abou t 10 p ercent e ach i s  a l s o  r ec ommended . The 

comm i t t e e  s ug g e s t s · l imi t ing d i et ary intake of c ho l e s t er o l t o  abo u t  3 0 0  

mi l l i grams p er d ay and i nc r e a� ing c omp l ex c arbohyd r a t e s  t o  about  4 8  

percent o f  t o t a l  c al o r i es wh i l e  d e creas ing s imp l e  s ugars  t o  1 0  p erc ent 

( 1 4 ) . 

The c omb ina t i on o f  a l l  o f  t h e s e  s ugg e s t ed d i e tary a l t e r a t ions 

is l ike l y  t o  i nf l u enc e ind ividual  e f fec t s  o f  e ac h . The re i s , 

the r e fo r e , B need  t o  exp l o r e  how imp l emen t a t i on o f  t h e s e  d i e t ary g o a l s  

aff�c t t o t a l , L DL , and HDL c ho l e s tero l l eve l s . 

The p urpo s e  o f  t h i s  r e s earch was t o  e xamine t he e f f e c t s  o f  t he 

d i e t  sugg es t ed in t h e  U ni t ed S tat e s  D i e t ary G o a l s  o n  t h e  l eve l s  o f  

b l ood cho l es t ero l ,  w i th p ar t i c u lar  emphas i s  o n  HDL c ho l e s t e ro l and the  

p ercent of  t o t a l  cho l e s t ero l c arr i ed by H DL . S p ec i f i c  o b j ec t ive s o f  

the s tudy w e r e : 

1 .  to  as s e s s  e f f ec t s  o f  d i e t s  b a s e d  on t he r ec ommend a t i ons o f  
the Uni te d  S t a t e s  S enat e  S e l e c t  C ommi t t e e  o n  N u t r i t i on and 
Human Needs  on t o t a l  b1ood cho l e s t e ro l l eve l s , 

2 .  to as s e s s  e f f ec t s  o f  d i e t s  b a s e d  on t he r ec ommend a t i ons o f  
t he Un i t ed S t a t e s  S ena t e  S e l e c t  C om�i t t e e  o n  Nu t r i t i on and 
Human N e e d s  on HDL �ho l es t ero l l eve l s , and 

3.  to  as s e s s  e f f ec t s  o f  d i e t s  b aaed on t he r ec ommendat i ons o f  
the Uni t ed S t a t e s  S enat e  S e l e c t  C ommi t t e e  o �  N u t r i t i on and 
Human Needs  on p erc ent HDL c ho l es t e ro l l eve l s . 

· 



D e f ini t i on o f  T e rms 

Throughou t  the p ap e r , t he f o l l owing d ef ini t i ons o f  t e rms and 

abb rev i a t ions w i l l  a p p l y . 
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Coronary H ea r t  D i se a s e  ( CHD ) : a g enera l t erm u s e d  t o  d e s c r i be 

many d i s eas e s  o f  the  h e art and i t s  b l ood v e s s e l s . 

Athero s c l er o s i s : a type o f  b l ood v e s s e l  d i s o rd e r  c harac t e r i z ed 

by thi ckening o f  �rt e ry w a l l s  w i th a l o s s  o f  e l as t i c i ty and a b u i l d  u p  

of f at wh ich m ay i mp e d e  o r  b l ock b l ood f l ow, c ommonly a s s o c i a t e d  w i th 

CHD . 

Fa t ty A c i d s : the main c ons t i tuent s o f  f ood f a t s  and o i l s and 

of f a t s  s t ored i n  t h e  b ody . They are  c omp o s ed o f  c arbon, hydrog en , arid 

oxygen and are  b u i l d ing b locks f o r  a v ar i e ty of f at and l i p i d  

mo l ecu l e s . · 

S a turated Fat : a f a t, o b t a ined m a inly f rom anima l s ou r c e s , 

that t end s t o  b e  s o l i d a t  room t emperature . Examp l es o f  s at u r a t ed 

fatty ac i d s  a r e  p a lmi t i c  a c id  and siear ic a c i d . 

Po lyuns a t u r a t ed Fat : a f a t, o b t a ined m a i n l y  f r om p l ant 

sources, t ha t  t ends to be l i quid  at room t emp erature . Examp l e s  o f  

po l yuns a t ur a t ed f at ty a c i d s  a re l ino l e i c  ac id  and l ino l en i c  a c id . 

Monoun s a t u r a t ed F at : a f a t, o b t a ined m a inly f rom p l ant 

sources,  wh i ch i s  s l i ght ly l e s s  f lu i d  t han p olyuns aturat ed f at . An 

examp l e  o f  a monouns a t urated  f at t y  ac id  i s  o l e i c  a c i d . 

Cho l e s t ero l : a s ub s t ance t ha t  i s  f ound i n  every c e l l  o f  the  

human body and  is  e s s ent i a l  t o  l i f e . I f  a c cumu l a t e d  iri t i s s u e s , it  may 

lead t o  d i s eas� c ond i t i ons, s uch a s  a thero s c l eros i s . 



L i p o p ro t e in s : a c omb ina t i on o f  p ro t e ins and f a t s; t he maj o r  

carr i er s  o f  c ho l e s t ero l and o ther f a t s  in  t he b o dy . 

Low Dens i ty L i popro t e ins ( LDL ) : l arg e , l i ght - we i gh t  t yp e  o f  

l i po p ro t e in ,  u s ua l ly a s s oc i ated  w i th an i ncreas ed r i s k  o f  C HD . 
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H igh D ens i ty L i popro t e ins ( HDL ) : the s ma l l es t , h eav i es t type 

of l ipopr o t e in ,  o f t en a s s oc i a t ed w i th a d ec reas e d  r i sk of  C HD . 

P l asma : the f l u i d  p o rt ion o f  t h e  blood i n  w h i ch b l o o d  c e l l s  

are s us p end e d . 

S erum : the c l e ar p o r t ion o f  the p l asma t ha t  d o e s  n o t  c ont ain 

b l oo d  c e l l s , and r emains f lu i d  a f t e r  c l o t t ing o f  t he b l oo d . 

mg : mi l l i g r am .  

m l : mi l l i l i te r .  



CHAPTER I I  

REV I EW OF L ITERATURE 

The p urpo s e  o f  the s tudy was t o  a s s es s  the  e f f ec t s  o f  t he d i e t  

s ugg e s t ed i n  t h e  Uni t e d  S t a t e s  D i e t ary G o a l s  on t he l eve l s  o f  b lood 

cho l e s t e ro l . A c ons i d erab l e  amount o f  r e s earch h as b een d one o n  the 

re l a t ions h i p  of  v ar i o u s  c omponent s o f  the  d i e t  w i th c ho l e s t ero l l eve l s . 

Thes e c omponen t s  i nc l ud e  t y p e s  and amoun t s  o f  c arbohyd r a t e s ,  p ro t e in, 

and f a t . Recen t  l i t er a ture, as w e l l  as s ome o f  t h e  g round b r eaking 
-

s tud i e s  d one i n  t h e  p as t, w i l l  b e  r ev i ewed on e ach o f  t h e s e c omponent � .  

To i d ent i fy t he r eas ons f o r  t he i mp o r t ance o f  c ondu c t ing r e s e arch on 

cho l e s t erol l eve l s ,  t he l i t erature on c ho l e s t e ro l l ev e l s  and t he i r  

e f f ec t s  o n  c o ronary h eart d i s ea s e  ( CHD ) w i l l  b e  r ev i ewed f i rs t . 

Cho l e s t e ro l L eve l s  and The i r  E f fec t s  on Co ronary H ear t D i s e a s e  

Coronary h e a r t  d i s e a s e  ( CHD ) i s  t he n umbe r  one  c au s e  o f  d e ath 

and d i s ab i l i ty i n  the Uni ted  S t ates  and o ther i ndus t r i a l i z ed n a tions, 

and has b e en the obj e c t  of much r e s earch ( 1 ) . Th ere  are  m any f ac t ors  

other t han b l ood cho l e s t e ro l  a s s o c i ated  w i th r i sk for CHD , i nc lud ing 

fami l y  h i s t ory, s moki ng, hyp e r t en s i on, o b e s i ty, a l coho l c ons ump t i on, 

behav i o r  p a t t ern s ,  phys i c a l  a c t ivi t y, � i abe t e s  m�l l i tu s ,·g end e r, age, 

and rac e  (1 5). However, h i gh l�ve l s  o f  b l ood c ho l e s t ero l s e em t o  h � l d 

·a key p o s i t i on in t h e  d eve l o pment o f  t h i s  d i s ea s e  ( 16) . 

As · ea�l y  a s  t he b e g inning o f  the  c entury, a s tudy c ondu c t ed in 

Ru s s i a  ind i c a t ed t ha t  c ho l e s t ero l m ight h ave an e f f e c t  o n  t h e 
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d eve l opment o f  athero s c l e ro s i s , one o f  the  maj o r  c au s e s  o f  CHD ( 1 7) .  

Exp er iment s  w ere c arr i ed o u t  w i th r abb i t s  f ed a h igh cho l e s t ero l d i et . 

Up on examina t i on o f  t h e  w a l l o f  the aort a , a thero s c l ero s i s  w a s  f ound t o  

be p r e s en t . In t h e  c on tro l g roup , f e d  a d i e t  f re e  f rom c h o l e s t ero l , 

there was no  e v i d enc e o f  athero s c l e ro s i s . Rabb i t s  h av e  s ince b e en 

found t o  b e  a p oo r  c ho i c e  f or t h i s  t yp e  o f  s tudy . The i r  n o rma l d i e t  

cont ains n o  c ho l e s t ero l and t hey are p ar t i c u l ar ly s ens i t ive t o  

cho l es te r o l a d d e d  t o  t h e i r  d i e t . Never the l e s s , t h i s  w a s  t h e  b e g inn ing 

of c ount l e s s  i nv e s t i g at i ons on other more s u i t ab l e  anima l s  and h umans . 

Many s tud i e s h av e  c onf i rmed t h i s  ini t i a l  o b s ervat i on ( 1 8 - 24 ) . 

A l l b ody c e l l s  need a s t eady s upp l y  o f  c ho l es t ero l ( 2 5 ) . I t  i s  

needed . f o r  t h e  f o rmat ion o f  c e l l  membranes and i s  one o f  t h e  membrane ' s  

int egral  stru c t u r a l  .c omponen t s . I t  i s  a l s o  u s ed t o  f o rm b i l e  s a l t s , 

which  are e s s ent i a l  f or p roper  d i g e s t ion o f  f at · t ha t  i s  c on s umed in the 

d i e t . Sma l l amount s o f  cho l e s t ero l are  u s ed by g l and s o f  t h e b ody t o  

produce vari ous  h o rmone s . A l arge amount i s  p r ec i p i t a t ed i n  t h e  s k in 

where i t  make s ·t he s k in r e s i s t ant to abs o rp t i on o f  w a t e r - s o l ub l e  

s ub s t anc e s  and t he a c t i on o f  many c hemi c a l  agen t s .  E s s en t i a l ly a l l  o f  

the cho l e s t ero l t ha t  i s  r eq u i red by t he b o dy c an b e  p roduced  by b ody 

t i s s ue s . The r e  i s  a f e edback mechan i sm t h at regu l at e s  how much i s  

manuf ac tured b y  t h e  c e l l s . As  the amount o f  cho l e s t ero l c ons umed i n  

t h e  d ie t  i nc reas e s , t h e  amount p roduced b y  t he b ody d e creas es . Th i s · 

proc e s s  s eems t o  k e e p  t he l evel o f  c ho l e s t e ro l  i n  t he b l o od i n  b a l anc e 

· unt i l  h i gh l ev e l s  o f  c ho l e s t ero l are  c ons umed . A t  t h i s  p o in t , 

" abno rma l ly" 11.l.gh s e rum cho l e s t ero l l eve l s  c an o c cur ( 2 5 ) . 
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But what i s  t he " no rm a l "  l eve l o f  c ho l e s t ero l i n  s e rum? Much 

s tudy has b e en d evo t ed to t ry ing to e s t ab l i sh s uch a l eve l . The i s s u e  

o f  l eve l has  b een e xamined i n  s evera l s tud i e s o f  v ar i o u s  p op u l at i on 

grou p s  and w ere s ummar i z ed by D r . J acob H .  R e i s e l  i n  1 9 68 ( 2 6 ) . Tab l e  

2 s hows the  r e s u l t s  o f  t h i s  s ummary, l i s t ing t h e  mean v a l ue s  a n d  r ang es 

cons i d ered norma l b y  the variou s  autho rs . 

Tab l e  2 
No rma l V a l u e  o f  Cho l e s t ero l by D i f f erent A u th o r s *  

Mean v a l u e  i n  R ang e in 
Au thor Y e ar mg . / 1 00 m l . m g . / 1 0 0  m l . 

B l oor  1 9 1 7  2 2 5 1 9 0 - 3 1 0  
1 9 2 2  1 7 5 - 3 00 

Ep s t e in and L and e 1 9 2 2  1 6 0 - 200  
Ve rhoe f  1 9 20 1 8 7  1 6 1 - 2 1 6  
Page e t  a l . 1 9 3 5  1 0 9 - 3 7 6 
Sperry 1 9 3 6 1 3 2 - 3 9 2  
P e t e r s  and M an 1 94 3  1 9 4 1 0 7 - 3 2 0  
Koun t z  1 9 4 5  2 3 7  m a l e  

1 9 6 f ema l e  
Herrman 1 9 4 7  2 04 1 6 5 - 4 1 0  
S t e iner 1 9 48  2 54 2 1 4 - 3 3 4  
S p erry, Webb 1 9 5 0  1 5 0 - 2 6 0  
Keys 1 9 5 0  a t  age 2 0  1 7 5 1 00 - 2 5 0  

a t  age so 2 00 1 5 0 - 3 7 0  
Lew i s  e t  a l .  1 9 5 7  2 1 6 - 2 6 6  
Jo s l in C l in i c  1 9 5 8  2 3 0 
Groen e t  a l . 1 9 5 0  2 4 5 - 2 6 0  1 3 5 - 4 2 0  

*From H yp e rcho l e s t ero l em i a  and C l in i c a l  A th e r o s c l ero s i s  b y  J. H. 

Re i s e l  ( 2 6 ) .  

More r e c en t ly, in 1 9 7 9 , S t am ler  examined five o th e r  m aj or 

inves t i g at i ons ( 2 7 ) . From thes e s tud i e s, r e f e rred to a s  t he 

Framingh am, A lb any, C h i c ago G as� C h i c ago We s t ern E l ec t r i c, and T e cums eh 

s tud i e s, h e  o b s e rved t ha t  s erum cho l e s t er�l i n  norma l Ame r i c an adu lts 

rang e s  from 1 40 mi l l igrams ( mg )  p er 1 0 0 m i l l i t ers ( m l )  t o  m o r e  t han 



355mg p er tOOm l .  H e  repo r t ed the mean va l u e  to b e  2 3 4mg p er 1 00m l 

( 27 ) . 

1 0  

T h e  va l u e s  f rom s tud i e s  s uch a s  R e i s e l' s  a nd S tam l er' s  hav e  l ed 

mo s t  res ea rchers  to a g ree w i th Dr . Germa in B r i s son' s  i nt er p r e ta t ion 

tha t  " 6 6  p e r  c en t  of a du l t  U . S .  ci t i z ens wo u l d  no rma l ly hav e  s e rum 

cho l e s t e ro l  l ev e l s  va ry ing b e tween 1 9 0  and 2 8 0mg p er 1 00 m l , "  ( 1 7 ) . 

No rma l do e s  no t n ec e s sa r i ly mean o p t ima l , however . In a r epo rt 

by Kann e l i n  1 9 7 6 , ba s ed on da ta co l l ec t ed in the F ramingham s t udy ,  i t  

wa s no t ed t ha t  s erum c ho l e s tero l  l eve l s  b e low 2 0 0 mg p er 1 0 0 m l  

co rre la t ed w i th a low f requency o f  CHD . Above 2 00mg p er 1 00m l CHD 

frequency inc r ea s ed r ap i d ly unt i l  2 8 0mg per lOO m l  wa s r ea c h e d . A t  

2 8 0mg p e r  lOO m l  the  f r equency s eemed to l eve l o ff ( 2 8 ) . Th i s  

ob s e rva t ioh, a long w i th s up po rt f rom many o ther s tud i e s  ( 2 9 - 3 1 )  ha s l ed 

many to recommend a s e rum c ho le s t e ro l l eve l o f  l es s  t han 2 0 0mg p e r 

lOOm l a s  o p t ima l . 

A t  the b e g inning o f  ihe 1 9 6 0' s  r e s earchers  b egan to s h i f t  t he i r  

focus  wi th rega r� t o  s e rum cho l es tero l  and i t s  r� la t ions h i p  t o  C HD . 

W i th imp roved t echn i ques  fo r ana ly s i s , i t  b e came ea s i e r  to m ea s ur e  

l eve l s  o f  l i po p ro t e in c ho l e s t ero l in t h e  b lood . Beca u s e o f  n ew 

methodo lo gy , t h e  va r ious  l i popro t e ins began to r e c e ive mo re a t t ent ion 

( 3 2 ) . 

Cho l e s t ero l  a nd o ther fa t s  a re no t so lub l e  i n  t he . b loo d a nd 

depend on i nt e ra c t ions w i th p ro t e in mo l ecu l e s  for t rans po r t . 

Cho l e s t ero l  i s  t rans po r t ed to the c e l l s  o f  the  bo dy a t tache d  to 

l i popro t e ins , w h i ch a re comp l exes o f  f at and p ro t e in . The r e  are fo u� 

ma in groups  o f  l i po p ro t e ins , c la s s i f i ed a c co rd ing to t h e i r  d ens i ty. 
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The g roup s that  a r e  o f  main c onc ern when c ons ider ing c ho l e s t e ro l are 

the l ow - d ens i ty l i p opro t e ins ( LDL ) and the h i gh - dens i ty l i p o p ro t e ins 

( HDL ) . In  humans , LDL ' s  c on t ain an average o f  6 5  t o  7 0  p e r c en t  o f  

s erum cho l e s t ero l whereas  HDL ' s  c ontain about 2 0  p er c ent ( 3 , 3 2 , 3 3 ) . 

B ec au s e  LDL ' s  c on t a in the l arg es t p ercen t  o f  c ho l e s t e ro l , 

l eve l s  o f  t h i s  l ip o p ro t e in s how h i gh p o s i t ive c o rre l a t ion w i th t o ta l  

cho l e s t ero l l eve l s · ( to t a l - C ) . Resu l t s  o f  s everal  s tu d i e s  h ave s hown 

tha t when t o t a l  cho l e s t ero l l eve l s  are h i gh , LDL c ho l es t e ro l ( LDL - C )  

l eve l s  are a l s o  h igh . When t o t a l  c ho l es tero l l eve l s  are  l ow ,  L DL - C  are 

a l s o  low ( 5 , 34 ) . The r e fo r e , the p o s i t ive c o rre l at ion b e tween t o t a l  

cho l e s t ero l and _CHD i s  b e l i eved b y  many t o  a l s o a p p l y  t o  L DL - C . 

Mo s t  o f  the d at a  on LDL ind i c a t e s  one o f  i t s maj o r  f unc t i ons t o  

b e  t h a t  o f  �rans p o r t ing cho l e s t ero l  t o  t h e  body c e l l s  whe r e  i t  c an b e  

u t i l ized ( 3 , 5 ) . B u t  what c on t ro l s  t h e  l eve l o f  LDL i n  t he b l o o d  has 

been the s ubj e c t  of  much rec ent r e s e arch . An art ic l e  pub l i shed in 

November 1 984 ( 3 5 )  p r e s en t s  t he t heory o f  LDL r e c e p t o r s . S c i en t i s t s  a t  

t h e  Unive r s i ty o f  T exas H e a l t h  S cience C ent er a t  D a l l as a re s tudying a 

group o f  s p ec i a l ized p ro t e ins that they c a l l  LDL r e c e p t o r s . The s e  

p ro t e ins p roj e c t  f rom an ima l c e l l s , b ind the LDL p ar t i c l e s  and t ake 

them in t o  the c e l l .  Here the  LDL c an b �  broken d own and t he 

cho l e s t e ro l u t i l ized . B e c au s e  the LDL i s  b e ing r emoved f rom t h e  

blood - s t r e am , the s e  r e c e p t o r s  h e l p  t o  p revent a n  acc umu l at i on o f  

cho l es t e ro l i n  the  b l ood ves s e l s - wh i ch c o u l d l e ad t o  a thero s c l e ros i s -. . 

The LDL rec e p t o r  theory s t a t e s  tha t when the c e l l ' s  n eed f o r 

cho l es t ero l . i s  l-ow i t  p roduc e s  f ewer LDL recep t o r s  t o  prevent t oo much 

cho l es t ero l f r om ent er ing the c e l l . This a l s o  d ec re a s e s  t he r a t e  at 
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whi c h  LDL i s  r emoved f rom t h e  blood , s o  s erum c ho l es t ero l l ev e l s  

inc reas e .  The autho rs �aint a in that  i f  t h e i r  hyp o t he s i� i s  c or r ec t , 

the human is d e s i gne d t o  o p e r a t e  w i th v e ry l ow LDL l ev e l s  a nd t he 

current h i gh l ev e l s  i n  mo s t  o f  the indu s t r i a l ized a du l t  w o r l d  a r e  a 

reas on t o  be c onc e rned ( 3 5 ) . Thi s  theory c ou l d  p rovid e  an exp l anat ion 

for t he h i gh c orre l a t i on o f  LDL and the i nc i d enc e o f  CHD . 

Many r es earchers i n  the  p as t  have not ed t ha t  a th e ro s c l e ro s i s  

and CHD a r e  f o und no t o n l y  i n  p er s ons w i th e l ev a t ed l eve l s  o f  t o t a l  

blood  cho l es t er o l bu t o f t en i n  tho s e  w i th t o t a l  b l ood cho l e s t er o l 

l eve l s  cons i d e re d  t o  be norma l . Res earchers h ave obs e rved  t hat p e op l e  

in the l a t t e r  g roup u s ua l ly h ave a l ower than norma l l ev e l o f  H DL 

cho l e s t ero l ( HDL- C ) . One r es u l t ing c onc l u s ion i s  t hat HDL m ay be 

pro t ec t ive � g ains t h e art  d i s e a s e  ( 3 , 5 - 7 ) . 

Too much cho l e s t ero l accumu l at i on i n  the c e l l s  c an b e  d amag ing , 

ther efore c e l l s  need t o  be p ro tec t ed from an exc e s s ive amount o f  

cho l e s t e ro l . Curr ent h yp o th e s e s  h ave been p u t  f o r t h  i nd i c a t ing t hat  

HDL • s are t he tr�n s p o r t e rs  o f  cho l e s t ·ero l f rom t he body c e l l s to  the  

l iver wh ere  i t  c an be e l iminated (6 , 7 , 3 6 ) . Th i s  r o l e  o f  H DL c ou l d  

exp l a in t h e  d at a  r e c e ived f rom the Framingham s tudy ( 7 ) .  When H DL - C  

l eve l s  f rom t h e  s ubj e c t s  o f  t h i s  s tudy were e xamined , t he y  s howed a 

s t rong negat ive a s s oc i at ion w i th inc idenc e o f  CHD . Many o ther 

obs e rvat i on a l  and e xp er imen t a l  s tu d i e s  s up p o r t  t h is obs erv a t i on 

( 3 7 - 4 0 ) .  Some r e s e archers be l i eve that HDL - C  l eve l s  a r e  a b e t t e r  

i�d i c at ion o f  r i sk· f o r  a ther o s c l eros i s  t h an e i ther L DL - C  o r  t o t a l  

cho l e s t ero l ( 6 , 7)3 6 ) . As t he p ercent o f  HDL - C  i nc re as e � , reg ard l e s s  o f  

the l eve l o f  t o t a l�C , t h e s e  r es earchers s ee a bene f i c i a l  e f f e ct . 
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B ecau s e o f  the s t rong ev i d enc e that e l evated t o t a l  s erum 

cho l e s t e ro l  l ev e l s  o r  l ow HDL - C  l eve l s  inc r eas e t he r i s k  f o r C HD , much 

. re s earch is  f ocu s ed on f ind ing e f f ec t ive ways to  benef i c i a l ly a d j u s t  

thes e  l eve l s . Numerous  expe r imental  and e p idemio l o g i c a l  s tud i e s  h ave 

been conduc t ed to  d e t ermine the e f fe c t  o f  mod i f i c at i on of t he d i e t  on 

cho l es t ero l l ev e l s. 

The E f f e c t s  o f  D i e t ary Fat  on Cho l e s t ero l L ev e l s  

A frequent c onc ern o f  res earchers in d i e t  mod i f i c a t i o n  s tud i e s  

has been t h e  sou r c e  and amoun t o f  f at i n  t h e  d i e t . H i gh l eve l s  o f  

d i e t ary fat , e s p ec ia l ly s a turated f a t , and d i e t ary cho l e s t e r o l are  

sugg e s t e d  by many t o  be  the main d i e t ary f ac t o r s  i nf l u enc i ng 

cho l e s tero l l eve l s. There fore , much o f  d i e t mod i f i c a t i on r e s earch has 

been aimed at l ower i ng the amount o f  s atur ated anima l f at w h i ch i s  

of ten ac c omp an i ed by l arge amount s  o f  cho l es t e ro l , and rep l ac ing 

port i ons of i t  w i th c ho l es tero l fr ee , po lyuns aturated f at . 

In a s t udy c onduc t ed by S chae fer e t  a l  in 1 98 1  ( 4 ) , low 

cho l e s t e r o l ,  h i gh p o l yuns aturat ed f at , and l ow f a t  d i e t s  were examined 

for s erum cho l e s t e ro l - l ower ing e f f e c t s . Peop l e  w i th no rma l s e rum 

cho l es t ero l l eve l s  and p eo p l e  w i th h i gh s erum cho l e s t e r o l l ev e l s  were  

both s tud i ed. P eo p l e  w e r e  d e t ermined to  have h i gh s e rum c ho l e s t e ro l 

l eve l s  i f  t h e i r  t o t a l - C  and LDL - C  l eve l s  were two or more  s .t andard 

d ev i a t i ons above the  norma l mean .  Ini t i a l  l eve l s  wer e  t aken a f t e r  

subj e c t s  w e r e  on a ' ' typ i c a l "  Ame r i c an d i e t  f o r  s eve r a l  days and f inal 

leve l s  were t aken a f t e r b e ing on the exp e r iment a l  d i e t s  f ·o r  at l eas t 14 

_days . · Reduc t i on o f  d i e t ary c ho l es tero l in the t yp i c a l  Amer i c an d i e t  

414166 SOUTH DAKOTA _STATE UNIVERSITY LIBRA�Y 
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wi th p o lyuns aturat ed t o  s a turat ed f a t  ( P : S )  rat i o  o f  0 . 1 t o  0 . 3  h ad no 

s ign i f i c an t  e f f e c t  o n  s erum cho l e s t ero l l eve l s . When d i e t ary 

cho l e s t erol was  l owered and s ome o f  the s aturated f at r e p l ac ed w i th 

po lyuns at urated  f at _( P : S  r at i o  o f  1 . 8 t o  2 . 2 ) there w e r e  s i gni f i c an t  

decreas es  i n  t o t a l  c ho l es t ero l ,  LDL- C ,  and HDL - C  i n  b o th t h e  norma l and 

the h i gh c ho l es t ero l g roups.  The t h i rd d i e t  h ad l ow l ev e l s  o f  f at w i th 

a P : S  rat io  0 . 1  t o  0 . 3  and a cho l es tero l l eve l even l ower t han t he 

o ther two d i e t s. Th i s  d i et p roduced s igni f i can t  d ec re a s e s  i n  t o t a l  

cho l es t e ro l ,  LDL - C , and HDL - C  i n  b o th g roups.  The r e s earch e r s  w ere 

somewhat c onc e rned about the decrease  in HDL - C  l eve l s  o f  t he l as t  t wo 

d i e t s. Howeve r , _t hey o bs erved no cnange in the  LDL - C  t o  H DL - C  r at i o  

( 4 ) . 

S evera l o ther s tud i e s  have a l s o s hown l ower c ho l e s t e ro l l eve l s  

when t h e  p o l yuns a t u r a t ed to  s aturated f at rat i o  was i nc reas ed ( 8 , 9 ,  

4 0 - 4 5 ) .  L ike t he F ramingham s tudy , Shepherd e t  a l. ( 4 1 , 4 2 )  f ound 

decreas e s  in HDL - C  as  w e l l  as in t o t a l - C  and LDL - C. In an e f f o r t  t o  

und e r s t and the mechan i sms o f  t h i s  e f f ec t , the s e  r es earchers  l ooked more 

c l os e ly a t  the  c omp o s i t i on of each _ l i popro t e in g roup. They f ound 

dec reas e s  in the  amount of cho l e s t ero l carr i ed by e ach l ow - d ens i ty 

l i popro t e in when a h i gh p o lyuns aturat ed f at d i e t  ( P : S  r a t i o  o f  4 . 0 t o  

1 . 0 )  was c ons umed ( 41 ) . The c ho l es t ero l c on t ent o f  t h e  h i gh - d ens i ty 

l i p o p ro t e ins was  no t s i gn i f ic an t ly a f f e c t ed. Therefo r e , some o f  the 

reduc t i on i n  LDL - C  c o u l d  b e  d ue t o  a d ecr eas e d  c apac i ty o f  LDL t o  c arry 

ch6l es t ero l ,  t he i�p l i c a t i ons  of wh i ch are n o t  c omp l e t e ly und ers t o o d. 

Some.s tud i e s  d i d no t s up p o r t  the f ind ing o f  a d e�reas e i n  H DL 

cho l e s t e ro l l ev e l s  ( 43 , 44 ) .  The s tud i e s  that s howed d ec r e a s e s  i n  H DL - C  
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were u s u a l ly o f  s ho r t  d ur a t i on , three t o . f ive w eeks . When l onge r  t erm 

s tud i es  w e r e  c onduc t ed t h e  HDL - C  l eve l s  h ad r i s en b ac k  t6 t he o r i g ina l 

. l ev e l in a s  l i t t l e  a s  8 t o  1 2  weeks ( 43 ) . One s tudy w h i c h  w a s  

cont inued f o r  f ou r  y ears even p roduced a 2 0  p erc ent i nc r eas e i n  H DL - C  

l ev e l s  ( 44 ) . 

A l though i t  s eems that  the res earch i s  i nd i c a t ing mo re 

favor ab l e  s erum cho l e s t ero l l eve l s  f rom a p redominan t l y  p o l yuns a t urated  

fat d ie t , t h e r e  are  r ea s ons to  que s t i on the w i d e s p r ead r e c ommend a t i on 

o f  t h i s  t y p e  o f  d i e t .  The f at t h a t  the  human b o d y  s yn t he s izes f rom 

nu t r i en t s  s up p l i ed in t he d i e t  i s  a lmo s t  t o t a l ly s a t u r a t ed . It e ven 

s eems t ha t  the bo�y t r i e s  to avo id  an ac cumu l a t i on o f  p o l yuns aturated 

f a t t y  ac i d s  ( PUFA ) , and , accord ing t o  B r i s s on ( 1 7 ) , m ay b e  t ry i ng t o  

pro t ec t  i t s e� f . Po l yuns aturated f at s  e as i ly und ergo c hemi c a l  c h ang es  

that  y i e l d  p roduc t s  which are  p o t en t i a l l y d amag ing to  c e l l s and wh i ch 

may incr eas e t h e  r i sk f o r  c anc er and o ther d i s e a s e s . Norma l ly t h e  body 

can p ro t ec t  i t s e l f a g a ins t the s e  c ompound s w i th natur a l  an t i oxi dan t s  

such as v i t amin E� R i sks o f  c e l l u l ar d amag e are i nc r e a s e d  w i th h i gh 

l eve l s  o f  PUFA , however ( 1 7 ) . The r e s u l t s  o f  an e i ght y e ar s tudy 

cond u c t e d  i n  Los Ang e l e s  ( 46 )  f ound no e f fec t on t o t a l  m o rt a l i ty when 

low s at u r a t ed f at , h igh p o lyuns aturated f a t d i e t s  w e r e  c ons umed. 

A l tho ugh d eaths f rom C HD were  s igni f i cant ly l ower , d e aths  f rom c anc er 

and o th e r  d i s eas e s  w ere s igni f i c ant ly h i gher . Some r e s earchers  d o  n6 t 

fee l that t he m agni t u d e  o f  r i sk d u e  t o  i ncreas ing PUFA i s  o u tw e i ghed by. 

the r e l a t ive l y  s ma l l d ecreas e i n  cho l e s tero l l eve l ( 1 7 ) . · 

B e c aus e o f  t he ris ks o f  increas ing the amount o f  · 

- po lyuns a t urat ed f at i n  t h e  d i e t , s ome r e s eachers are  o f  t h e  o p in i on 
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that lower ing t h e  amount o f  t o t a l  f a t  in-the d i e t  i s  a be t t er a pp r o ach . 

Cu rrent l y  Amer i c an s  c ons ume about  40  percent o f  the i r  c a l o r i e s a s  f at .  

Many h ea l th p r o f e s s ion a l s  f e e l  that a reduc t ion o f  t h i s  l ev e l t o  3 0  t o  

3 5  p ercent wou l d  b e  r easonabl e .  Among the s e  are m ember s  o f  t he 

Amer i c an H e a r t  A s s o c ia t i on ( 4 7 ) , the S enat e  S e l e c t  C ommi t t e e  on H uman 

Nu tr i t i on ( 14 ) , and t h e  N a t ional Ins t i tu t e s  o f  H e a l t h  ( 48 ) . 

A s  a p op u l a t ion g roup , Yemen i t e  J ews  g ener a l ly h av e  a l ow f at 

d i e t  and l ow s er um cho l e s t e ro l l eve l s . The e ff e c t  o f  a h igh f at d i e t  

f o r  1 2  months  o n  2 6  m a l e  a g r i cu l ture workers  f rom t h i s  g roup was  

inve s t i g a t e d  ( 4 9 ) . The s e men had moved f rom Y emen t o  I s rae l and 

prov ided  a good o pp o r t un i ty to s tudy-how the i r  new h igher f at d i e t  

wou l d  a f f e c t  s er um choie s t e ro l . They were p l ac e d  o n  a h i gh c a l o r i e , 

h igh f a t  d i e� f o r  7 months . For 3 months they r e tu rned t o  t he i r  

cus t omary l ow - c a l o r i c  d i e t , and then they w en t  b ack o n  t h e  h igh 

c a l o r i c , h i gh fat d i e t  f o r  2 _months . In the 5 th t o  7 th months and 

again in the l as t  2 month s , the m en s howed a s i gni f i c an t  i nc reas e i n  

bo th t o t a l  cho l e s t ero l and HDL - C , but  n o t  a s igni f ic an t  c hange i n  t he 

rat i o o f  t o t a l - C  t o  H DL - C . Th i s  s t udy wou l d  s eem t o  i nd i c a t e  t ha t  even 

. a group w i th norma l l y l ow cho l e s t e ro l l eve l s  cou l d  b e  p u t  a t  r i sk f o r  

CHD when p u t  on a h i gh f a t  d i e t . The t r i a l  d i e t  a l s o  c on t a i ne d  a l ower 

P : S  rat io  and more d i e t ary cho l e s t ero l than t he r eg u l ar d i e t  of t he 

men . B o th o f  t h e s e  f ac to r s  c ou l d , therefor e , h ave a l s o  c ontr i bu t ed t o  

the r i s e  i n  s erum c ho l es t ero l l eve l s  ( 4 9 ) . 

A c l in i c a l ly c on t ro l l ed experiment on the e f f ec t s  o f  l owering 

the l eve l o f  d i e t ary f at f rom 4 0  p e rc ent t o  3 0  p e r c en t  w�s c onduc t ed o� 

-e l even men f rom the V e t e r ans A dmini s trat ion Med i c a l  C e� t e r  in S an D i ego 
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( 5 0 ) . Two �f  the  men h ad c l in i c a l  evidence o f  c o ronary h ea r t  d i s eas e , 

whi l e  the  r e s t were  f ree  from s ymp t oms. The men were p l a c e d  on t hree 

d i ff e r en t  l iqu i d  d i e t s. One d i e t  c ontained 40 p ercent f at , w i t h  2 0  

p erc ent a s  s aturated  f at ( S ) , 1 0  p erc ent a s  monoun s a t u r a t ed f at ( M ) , 

and 1 0  p e r c en t  as  p o lyun s a t urat ed f at ( P ) , ( S : M : P=2 : 1 : 1 ) . The s ec ond 

d i e t  was 3 0  p erc en t  f at w i th S : P : M=1 : 1 : 1 .  The t h i rd d i e t  w as a l s o  3 0  

p erc ent f a t  w i th S : P : M= 2 : 1 : 1 .  None o f  the d i e t s  c on t a ined c ho l es t ero l. 

The men were f ed eac h  d i e t  for one month. One s ubj e c t  d i d n o t  r ec e ive 

diet one , and f our p er s ons did no t rece ive d i e t  t hree. The r emain ing 

s ix· men rece ived a l l  t hree d i e t s. To ta l - C , LDL - C ,  and HDL - C  l ev e l s  

were t aken t w i c e  each w eek. A s  a g roup there were  n o  s i gni f i can t  

d i f ferenc es  i n  t o t a l - C  b e tween t h e  4 0  p erc ent f at d i e t  and t he 3 0  

perc ent f a t  qi e t s. Bu t when the res earche rs examine d · i nd iv i dua l 

pat i en t s  more c l o s e ly t hey c onc lud ed t hat m o s t p at i en t s  w ho b egan w i th 

t o t a l - C  l eve l s  o f  over 2 0 0mg p e r  1 00 m l  showed a r educ t i on i n  t o t a l - C  

when f a t  was r educ ed t o  3 0  perc ent� There were n o  o b s erved d i f f e renc e s  

betw e en t h e  t wo 3 0  p e r c en t  f a t  d i e t s , wh ich l ed t h e  r e s earchers  t o  

s pecu l a t e  tha t  the  P : S  rat i o  a t  a f at intake o f  3 0  p erc ent · m ay n o t  b e  a 

_good pred i c t o r o f  cho l es t e ro l chang e s. The LDL-C c hange s  w e r e  

v i r t u a l ly  the s ame as  the t o t a l - C  change s . However , t he H DL - C  was  

s igni f i can t ly l e s s  in the l ower f a t  d i e t s , w i th a g re a t e r  r educ t i on i n  

t h e  d i e t  w i th the  l ower amo unt of  s a turat ed f at. The p er c en t  o f  HDL�C 

was no t s i gn i f i c ant ly d i f f e rent in any o f  the  t hr�e d i e t s , h owever  

( 5 0 ) . · 

th e e ff e c t o f  d i e t ary cho l e s t ero l i nd e p endent o f  �h� t yp e  and 

· l eve l of f at i n  t he d i e t  has a l s o  b een inve s t i g a t ed ( 5 1-5 2 ) .  In one 



1 8  

1 9 7 2  s tudy , a group o f  4 4  ma l e  inma t es o f  a P h i l ad e l ph i a  C o un t y  P r i s on 

were s tu d i ed ( 5 1 ) . A l l  o f  the  men were f ed t he n o rma l i ns t i t u t ion d i e t  

f o r  7 days . Af t e r  that  week , the d i e t  was g rad ua l ly c h anged t o  a 

cho l es t ero l  f re e  d ie t  over the next 7 d ays . They r emained o n  t h e  

cho l e s t e ro l f re e  d i e t  f o r  2 1  d ays , a f t er wh ich  t ime t he s erum 

cho l es t ero l l eve l s  were d e te rm ined . The men were t hen a s s i gned t o  one 

of four g ro up s . The · g ro u p s  were matched a c c o rd ing t o  t he d ec r eas e i n  

s erum cho l e s t ero l d u r ing t h e  cho l es tero l - free  d i e t  a s  w e l l  a s  b od y . 

wei gh t s  and t he abs o l u t e  s erum cho l e s t ero l l eve l . Each g roup o f  men 

rec e ived a d i e t  i d en t i c a l  i n  every r e s pe c t  t o  e ach o f  t he o ther g roups  

excep t f o r  the  l eve l of  cho l es t ero l . One g roup was  c on t i nued o n  t he 

cho l es t e ro l f re e  d ie t , wh i l e  e ach o f  the o ther t hree  g r oup s w e re f e d a 

cho l e s t er o l -cont a in ing d i e t . The t hree l eve l s  o f  c ho l e s t e ro l u s ed were  

106  m i l l i grams c ho l e s t ero l p e r  1 0 0 0  c a l o r i e s  o f  d i e t , 2 1 2  m i l l ig rams 

cho l e s t ero l p er 1 00 0  c a l o r i e s  of d i e t , and 3 1 7  m i l l i g rams c ho l e s t ero l 

per 1 00 0  c a l o r i e s  o f  d i e t. The men were on t h e s e  d i e t s  f o r s ix w eeks. 

Th e s e rum c ho l es t e ro l l eve l s  of the 2 1 2mg / 1 0 0 0  c a lor i e  g roup w e re 

s i gni f i c ant ly h i gh e r  t han t he c ho l e s t ero l f ree  g roup and t h e s e rum 

. cho l e s t ero l l eve l s  o f  t h e  3 1 7mg / 1 0 0 0  c a l o r i e  g roup w ere a p p roxima t e ly 

2 5  p e rc ent h igher t han t he cho l e s t ero l l eve l s  o f  t he m en o n  t he 

cho l e s t ero l f r ee  d i e t  ( 5 1 ) . The s e r e s u l t s  ind i c a t e  t ha t  d i e t ary 

cho l e s t ero l c an h ave a maj o r  ro l e  i n  d e t erming s e rum c h o l e s tero l 

leve l s . 

No t a l l  r e s earchers h ave s een t he s ame e f fec t s  f r�m t he 

add i t ion o f  c ho l e�tero l t o  the  d i e t ( 5 2 ) . In o ne s t udy t h e  a dd i t ion o f  . 

�ho l e s t e r o l  t o  a d i e t  p ro d u c ed ho s i gni f i cant c hang e s  i n  s e rum 



cho l es t e r o l leve l s  when c ompared t o  the  s ame d i e t  w i th o u t  a dd e d  

cho l e s t e ro l .  Bo th a s aturated  f a t , c oc onu t o i l , and an uns a t ur a t e d 

fat , c o rn o i l , were  t es t ed . 
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Whether  o r  no t there  i s  an int erp l ay b e tween d i e t ary 

cho l es tero l and the c ompo s i t i on of d i e tary f a t  has a l s o  b een 

ques t i oned . Some r e s e archers  h ave found the e f f e c t s  o f  c ho l e s t er o l and 

d egree of s atura t i on o f  f at to b e  i nd e p endent ( 5 3 ) , b u t  m any o th e r s  

have found t h e  e ff ec t s  t o  b e  d ep end ent on e ach o ther ( 5 4 - 5 7 ) .  Two 

coord ina t ed s tud i e s  w e r e  c onduc t ed in wh ich o n l y  t he P : S  r a t i o w a s  

d i f f e ren t ( 54 , 5 5 ) . In e ach s tudy there were two l eve l s  o f  d i e t ary 

cho l e s tero l ,  l e s s . t ha t  2 00mg p er d ay-and more t han 6 0 0mg p e r d ay .  One 

group had a h igh l ev e l o f  p o lyuns aturated f a t whi l e  t he o t her  g roup  h ad 

a low l eve l . In b o th s tud i e s  the s erum c ho l e s t ero l l ev e l s  w e re h i gher 

in the h i g h  c ho l e s t e r o l d i e t  than in t he l ow cho l e s t e r o l d i e t . 

Howeve r , t h e  s erum c ho l e s tero l l eve l in  t he h i gh d i e t a ry c ho l es te r o l 

group was s i gn i f i c an t l y  g reater  in the l ow p o lyuns a t u r a t e d  f a t s t udy 

than in the h i gh p o lyuns a turated f at s tudy . Th i s  l e d t he r e s earchers 

to  c onc l u d e  t ha t  ' ' the e ff e c t  of d i e t ary c ho l es tero l i s  c l e a r l y  

.depend ent on t he typ e  o f  f a t p re s ent i n  t he d i e t "  ( 5 5 ) . 

Stud i e s have a l s o  b e en conduc t ed in f ree- l iving p o p u l at i ons 

wher e  d i e t ary c ho l e s t ero l l eve l s  were e i ther incr eas ed or d ec reas e d as 

comp ared to t he i r  n o rma l h ome d i e t s  ( 5 6 , 5 7 ) . The s e  s t u d i es .  a l s o  s how 

an increas e in s erum cho l es t ero l when c ho l es tero l is a d d ed t o  t he 

reg� l ar d i e t . One g roup o f  r es e archers ( 5 7 )  f o und t h e  e f f e c t  t o  b e  

much sma l l e r than t h a t  s een among s tud i es o f  p o pu l a t i ons under  

· contro l l ed c ond i t i oris , however . . 
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The Eff ec t s  o f  D i e t ary Carbohydr a t e  o n  Cho l e s t e ro l L ev e l s  

When t he c omp o s i t ion o f  the d i e t  i s  a l t e r ed b y  r educ ing t he 

p erc entag e o f  f a t , t he p erc en t ag e  o f  s ome o th e r  c omponent m u s t 

incr eas e .  O f t en that c omponent i s  c arbohyd rat e .  Carb ohyd r a t e  i n  t urn 

then becomes a v e ry l arge p ar t  of the  d i e t , 5 8  p e rc ent b y  t h e  Uni t ed 

S t a t e s  D i e t ary G o a l s  ( 1 4 ) . In countr i es where d i e t s  a r e  l ow i n  f a t and 

h i gh in c arbohydra t e� t he s erum cho l e s t e ro l l eve l s  t end t o  b e  l ow .  The 

di e t ary c arbohydra t e  o f  the s e  c o unt r i e s  i s  g enera l l y s t arch r ather  t han 

the h igh amoun t o f  s imp l e  s ugar s  typi c a l  o f  t he Ame r i c an d i e t . 

Therefore , t h e  s ou r c e  o f  c arbohyd rate  may c ont r i bute  t o  t he d i f f e renc es 

in cho l e s t ero l l eve l s . 

Low c arbohydra t e  we ight  reduc ing d i e t s  were v e ry p o pu l ar i n  t he 

1 9 6 0 ' s  and 1 �7 0 ' s .  B e c au s e  o f  the i r  w i d e s p read u s e , a s t udy w as 

conduc t ed under t he c ontro l l ed cond i t i ons o f  the C l in i c a l  R e s e arch 

Cen t e r  at the  Univer s i ty of I owa ( 5 8 ) . They s tud i e d  t wo c a t ego r i e s o f  

s ubj e c t s . One was  a g roup o f  four  no rma l w e i gh t  m en and t h e o ther was 

a group of s even o be s e  f ema l es . Th e m en were  p l ac �d on a w e igh t  

maint enanc e d i e t  w i th a l ow l eve l o f  c arbohyd r at e , e i ther  1 2  g rams p er 

.day o r  6 2  g rams p er d ay .  The amoun t o f  f at and p ro t e i n  i n  t he 

r�mainder  o f  t he d i e t  v ar i ed f rom month t o  month f o r  f ive months , 

s t ar t ing o u t  w i th 7 0  p er c en t  f at and 3 0  p ercent p r6 t e in and e nding u p  

w i th 3 0  p e r c en t  f at and 7 0  p ercent p r o t e in . The l ast t wo w e eks t h ey 

were g iven a norma l d i e t  of 10 p ercent p ro t ein , 4 0 . p e r c ent f a t and 5 0  

p ercent m ixed c arbohydrat e .  Wh i l e the f at l eve l was o ver 5 0  p er c en t , 

the s erum cho l e s t ero l o f  the  men r o s e  s i gni f i c ant ly , w i th' t he m en o n 

·the h ighe r  l eve l o f  c arbohydrate exp e r i enc ing a l e s s  s igni f i c ant r i s e . 
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Af t er the level o f  f a t  went b elow 5 0  p ercent the  c hole s t e r ol levels 

f ell off and at t he e nd w ere e s s en t i ally the s ame as at t he b eg inn ing 

· o f  t h e  exp e r iment. The w omen were placed on a w e i gh t  r educ t i on d i e t  

low i n  c arbohydrate , 1 2  g rams p er day . The f at and p ro t e in o f  t h i s  

group only v ar i ed f rom 7 0  p ercent f at and 3 0  p erc ent p ro t e in t o  5 0  

p e r c ent f a t  and 5 0  p ercent p ro t e in . The i r  chole s t erol levels f e ll i n  

t h e  f i rs t p has e o f  t h e  exp er iment , but , a s  w i th t he m en ,  t he y  t ended t o  

return t o  t he i ni t i al level w i th the  p as s ag e  o f  t ime . Th i s  s tudy 

s ugg e s t s  t hat a low c arbohydrate  w e ight r educ t i on d i e t  m ay lower t h e  

blood chole s t ero l leve l s  f o r  a s ho r t  t ime , wh ile a l ow c arbohydr a t e  

we ight  maint enanc� d i e t  may r a i s e  the  blood c ho l e s t erol leve l f o r a 

sho rt  t ime ( 5 8 ) . 

Ther� s eems t o  b e  w ide a c c e p t anc e o f  the  c onc e p t  t ha t  c omplex 

carbohydra t e s  h av e  a c hole s t ero l l ower ing e f f e c t  a s  c om pared t o  

sucro s e . Beg inn ing i n  t h e  1 9 6 0 ' s ,  a c ons iderab l e  amount o f  r e s earch 

has b een and i s  s t il l  b e ing dedi c a t ed t o  examining t h i s  i s s ue . A s  

early as  1 9 5 5 P o rtman and h i s as s o c i a t e s  ( 5 9 , 6 0 )  demons t r a t ed a l ower 

b l ood choles t ero l in r a t s  f ed a d i e t  of s t arch a s  t he s ou r c e  o f  

. carbohydra t e  vers us a d i e t  o f  s uc ro s e . 

More r ec ently , a s t udy on r a t s  was c ondu c t ed where t he r a t s  

were p l ac ed o n  e i ther a c er e al- bas ed s t ock d i e t , a p u r i f i ed h i gh s t arch 

di e t , o r  a p u r i f i ed h i gh s uc r o s e  d i e t , e ach w i th o r  ·w i thout b r ewer ' s  

yeas t ( 6 1 ) . The b r ewer ' s  y e as t produced no s i gnifi c an t  d i f f erenc e s  i n  

cho l � s t ero l l eve l s . There  was no s i gni f i c ant a lterat i on i n  c ho l e s tero l 

l eve l s  o�er the f our w e ek experimen t a l  p e r i od o f  t h e  r a ti o n  t he c e re� l 

bas ed s t ock d i et .  The p u r i f i ed h igh s t arch and p ur i f i ed h i gh s uc r o s e  
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di e t s  b o t h  s howed a plasma cho l e s t erol i n·c r eas e t o  s imi l ar l evels . The 

p erc entage o f  LDL - C  and HDL - C  of the h igh s tarch d i e t  w e r e  s imi lar t o  

the s tock d i e t , while t h e  p e rc ent ag e  o f  HDL - C  w a s  r educ ed i n  t he h igh 

sucro s e  d i e t  ( 6 1 ) . 

A s imi l ar s t udy was. c ondu c t ed b y  ano ther g roup o f  r es earchers 

( 6 2 ) . In t h i s s tudy , r a t s  were plac ed on a d i e t  o f  1 7  p e r c ent p ro t e in , 

4 2  p erc ent f at , and 4 1  p er c ent c arbohydrat e . They w e r e  s pli t i n t o  two 

grou p s  with one r e c e i v ing i t s c arbohydrate  a s  s t arch and t he o ther as 

sucros e .  In th i s  exper iment the rats  were f ed t he s e  d i e t s  f o r  a p er i od 

o f  e i gh t  weeks , twi c e  a s  long as the p rev ious  s t udy . The r es ult s w ere 

very s im ilar . The t o t al- C and LDL - C  l evels were  e s s ent i ally t h e  s ame 

in b o th di e t s , but the HDL - C  levels were s igni f i c antly l ower in t he 

sucr o s e  d i e t . B o t h  o f  the s e  s t udies , b ecau s e  o f  t h e  c hang e s  i n  H DL - C  

levels , wo uld ind i c at e a mor e  f avorable e f fe c t  o n  l i p o p ro t e i n  levels b y  

di e t s  wi th s t arch r a t h e r  than s uc ro s e  a s  t he s o urc e o f  c arbohydr a t e  

( 6 1 , 6 2 ) . 

Th i s  o b s e r
.
vat i on o f  a more f avorab l e  e f f ec t  o f  s t arch over  

s u c r o s e  i s  no t univers a l . Nonhuman p r ima t e s  are o f t en u s ed a s  s ubj ec t s  

when chole s t erol levels are  examined . In one s uch s t udy i nvolv ing 

cynomolgus monkey s , t he e f f e c t s  of c arbohydra t e  t yp e  and c hole s t e rol on 

s erum choles t erol levels were  t e s t ed ( 6 3 ) . Twelve m ale monkeys w e r e  

f ed f our d i f f e r en t  d i e t s  f or a p er i od o f  s ix w e eks e ach . The d i e t s  

cont ained 4 0  p ercen t  f at ( half b u t t e r  and h alf c o conu t o il ) , 1 1  p er c en� 

pro t e in , and 49 p ercen t  c arbohydrate . The c arbohydra t e  was e i ther 

sucros e o r  s t arch , w i t h  o r  w i thout  1 mg p er k ilo calo r i e  c hole s t erol 

added . The an imals w e r e  div ided randomly i n t o  f our g ro u p s  and e ac h  
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group was p l ac ed o n  a d i ff e r ent d i e t . Afte r  t h e  f i r s t  6 w e ek p er iod , 

they were a ll p l ac ed on a chow di et  f o r  s ix w e eks . Th i s  p r6 c eduie was 

cont inu ed unt i l  a l l  g ro u p s  h ad b e en t e s t ed on e ach d i e t . To t a l  

chole s t e ro l and l i p o p ro t e in c holes t ero l l eve l s  were a s s ay ed b ef o r e  the  

di e t s  were admini s t er ed and weekly thereaf t e r . To t al c hole s t ero l 

l evels were s l i gh tly h i gher than ini t i a l  l evels i n  b o th t h e  s t arch and 

sucros e  d i e t s , b u t  t h e r e  was no s i gn i f i cant d i f ferenc e b e tw e en t h e  two . 

When cho l e s tero l was added to the d i e t s , b o th s ucro s e  p lu s  c ho l es t ero l 

and s tarch plus c ho l es t ero l p roduced a marked r i s e  i n  t o t al c ho l e s t ero l 

l evels . The i nc r e as e was  s i gni f i cantly les s i n  t h e  s uc ro s e  p l us 

cho l e s t ero l d i e t  than the s t arch plus- cho l es t ero l d i e t . The H DL - C  

levels were a l s o  s imi l ar i n  the s t arch and s uc ro s e  d i e t s , b u t  t he 

s t arch w i th added c holes t ero l d i e t  p roduc ed lower HDL - C  leve l s  t h an the  

s ucro s e  w i th added cho l es t ero l di e t . Thes e  f inding s  s eem t o  i nd i c at e  

that when s u c ro s e  i s  t h e  s ole s ourc e o f  d i e t ary c arbohydra t e  i n  

cynomolgus  monkey s , m o r e  f avorable leve l s  o f  s erum c ho l e s t erol r e s u l t  

than when s t arch i s  t he s o l e  s ource o f  d i e t ary c arbohydra t e  ( 6 3 ) . 

O f t en di e t s  a imed a t  l owering t o t a l - C  and L DL - C  leve l s , s uch a s  

t h e  l ow f a t  d i e t s  men t i oned p rev iou s ly ( 4 9 , 5 0 ) , als o l ower H DL - C . In 

an e f fort  to f ind ways to p r event t h i s  de t r iment a l  e f f e c t , e xp e r imen t a l  

r e s e arch i s  c urrent l y  b e ing c onduc t ed u s ing d i e t s  w i th v a r i o u s  f o rms  o f  

di e t ary f i ber added a s  p art  o f  t h e  c arbohydr a t e  s ourc e . A l l  d i e t ary 

f ibers  do not h av e  t h e  s ame e f fe c t  on cho l e s t ero l l eve l s . G enera l l y ,  

i t  � e ems  to b e  t h e  s o lub l e  f ibers  s uch a s  g uar g um , p ec t in , a nd o a t 

bran , that dec reas e t h e  t o t a l - C  and LDL - C  while n o t  s i gn i·f i c ant ly 

. af f e c t ing t he HDL - C . l eve l s  ( 64 , 6 5 ) . The inso l ub l e  f i b e r s , s uch a s  
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whea t  bran , .are u � u ally obs erved t o  have · no s i gn i f i c an t  e f f e c t  o n  any 

cho l es t ero l level ( 6 6 ) . However ,  in  one S wedi s h  s tudy ( 6 7 )  a 

s ign i f ic ant i nc reas e in HDL - C  l eve l s  was o b s e rved when a h igh d o s e  o f  

conc ent r a t ed whea t  bran w a s  added t o  t h e  d i e t . 

L i tt l e  e t  al ( 6 8 )  b elieve that s ome p eo p l e  a r e  m o re s us c ep t i ble 

to di et ary influenc e s  on s e rum cho l e s t erol levels . They s tudi ed 8 6  

male coronary p at i en t s  and 8 4  age matched h e althy m en f r om t h e  s ame 

popula t i on . D i e t ary records were kept  on e ach m an f o r a p er i od o f  

s even days . The d i e t s  o f  the  two g roups were  c ompared and n o  i mp o rtant 

d i f f erenc e s  w e r e  o bs e rv ed . S e rum total- C and l i po p ro t e in c hole s terol 

were mea s ured , and c o rrelat i on c o e f f i� i ents  were  c alc ulated f o r e ach 

diet ary c omponent and t he c holes t ero l levels . All c hole s t e ro l l eve l s  

were h i gher i n  the c o ronary g r oup , and n o  s igni f i cant c o rre l a t i on w a s  

found b e tween to t al c arbohydrate  o r  s ucro s e  and c hole s t er ol l evels o f  

this  group . To t al c arbohydra t e  and s ucro s e  were  negatively c o rr e l a t ed 

w i th chole s t er o l levels i n  the g roup o f  h e a l thy m en ,  and t he r e  was  a 

s i gn i f i c ant negat ive c o rrelat i on be tween t o t al c arbohydra t e  and H DL - C . 

Thes e r e s u lts l ed the r es earchers to conc l ude t hat c o ronary p ati ents 

appear to be m e t abo l i c ally di f ferent than h ea l thy m en and that t h ey m ay 

be mo re s ens i t ive to d i etary inf l u enc e on c ho l e stero l l eve l s  ( 6 8 ) . 

Carbohydr a t e - s ens i t ive s ubj ec ts  were  s elected b y  one  g roup o f  

r e s e archers  ( 1 3 ) . They w e r e  f ed three l evels o f  s uc ro s e  i n . the d i ets . 

The di e t s  were des i gned to c l o s e ly . r e s emb l e  tho s e  p re s ent ly c ons umed by 

peop l e  of the United S tate s . The purpo s e  w as to d etermine i f  t he 

average leve l _ o f  s uc ro s e  in the Ameri can d i e t ( 1 5 t o  2 0  p e r c ent ) 

�ont r i buted to h i gh ·s erum cho l estero l l eve l s , and whether t he s e  l eve l s  
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c an b e  l owered b y  d e c r e as ing the amount o f  s uc ro s e  i n  t h e  d i e t  o r  

rai s e d b y  i ncreas ing t h e  amount o f  sucro s e  i n  t h e  d i et.  · Twe lv e  m ales 

.and twe lve f ema l e s  who w e r e  d e termined t o  be s ens i t ive to s uc ro s e  and 

app aren t l y  f re e  f rom d i s eas e were s tudi ed .  The t hree d i e t s  e ach 

conta ined a pproximat ely 44  p ercent of t he c a l o r i es a s  c arbo hydr a t e , 1 4  

p e r c ent a s  p ro t e in , and 4 2  p ercent a s  f at , w i th h igh levels o f  

chole s t ero l and s a t u.r a t ed f a t , and a l ow level o f  d i e t ary f i b e r . The 

f oods were  exac t ly t h e  s ame excep t f o r  a s uc ro s e  and/ o r  s t arch p a t ty 

that was des i gned t o  p rov ide 3 0  p ercent o f  the t o t al c alo r i e s . The 

di e t s  c o n t a ined 5 p er c ent , 18 p ercent , or 33 p e r c ent s uc r o s e .  The 

subj e c t s  were d i vided i nto  s ix group s , e ach w i th two f ema l e s  and t wo 

ma l e s . All g roups  were  p lac ed on e ach o f  the  d i e t s  f o r  s ix w eeks . 

S e rum was t a�en weekly and analy z ed f o r  t o t al cho l e s t ero l and t he 

l i p o p ro t e in c hole s t er ols . To t al- C ,  LDL- C ,  and HDL - C  l evels all r o s e  

s ign i f i c antly when s uc ro s e  was increas ed f rom 5 p ercent t o  1 8  o r  3 3  

percent . The r e  was no further s igni f icant r i s e  i n  t o t al- C when t he 

sucro s e  level went above 1 8  p ercent . The p ercent o f  HDL - C  w a s  

s igni f i c antly les s i n  the  males on the 3 3  p ercent s uc r o s e d i e t  t h an 

e i ther o f  t he o ther two d i e t s  ( 1 3 ) . The s e  r e s ult s i ndi c a t e  t hat a h igh 

s ucro s e  d i e t , e ven t h e  levels c urrent ly c ons umed by t he m aj o r i ty o f  

Ame r i c ans , could c au s e  p o t en t i ally h armful inc reas es  i n  s e rum 

cho l es t e rol levels of c arbohydrat e - s ens i t ive p eo p l e . 

The E f f e c t �  o f  D i e t ary P ro t e in on Chole s t ero l L eve l s  

Probably the  leas t s tudied d i e t ary c omp onent w i th ' r eg ard t o  

r elat ions h i p  w i th c hole s t erol l evels , i s  di e t ary p ro t e in .  In t he 
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1 9 50 ' s  there w a s  s ome i nt e r e s t in t h i s  a r e a  d u e  t o  t h e  o b s erv a t i on that 

v eg e t ar i ans s eemed t o  h ave lower s e rum choles t erol levels t han 

non-veg e t ar i an s . B e s ides c ontain ing mainly p lant s ou r c e s  o f  p ro t e in , 

the v eg e t a r i an d i e t s  are  almo s t  always lower in t o t al p r o t e in and f at 

con t ent . Thi s  has led t o  r e s earch on b o th level and s ource  o f  p ro t ein 

in the di e t  and their  r ela t i onsh i p  to blood chole s t erol levels . 

In one s tudy , t he c hole s t erol levels o f  a g roup o f  v eg e t ar i ans 

were comp ared to chole s t erol levels of a g roup o f  n on-vege t ar i ans 

matched b y  age  and s ex ( 6 9 ) . To t al- C and L DL - C  w er e  b o th s i gni f i c ant ly 

lower in the v eg e t ar i an g roup . Although t o tal HDL - C  was  als o lower i n  

t h e  v eg e t a r i ans t�e p erc en t  HDL - C  w a s  s lightly h i ghe r  ( 3 3 p er c ent 

compared t o  2 7  p e rc en t  i n  the non-veg etari ans ) .  The i mpli c at i on f rom 

·this  s tudy i � t ha t  v e g e t ar i an d i e t s  may p roduc e s erum c hole s t erol 

levels that a re a s s o c i a t ed w i th a d ecreas ed r i sk o f  C HD . S inc e t h i s  

was n o t  a c ont r olled exper i ment , many o ther f ac t ors  c o uld h av e  b e en 

part i ally r es p ons i ble f or t h e  o b s erved e f f e c t s . 

The r e s ults o f  many o f  the e arly exp er ime� t ally c ontrolled 

s tud i e s  are c onflic t ing . One s tudy _ where  t he f a t c on t ent w a s  k ep t  

cons t ant a t  3 0  p e r c en t  o f  c alo r i e s  ( 7 0 )  s howed a much lower s erum 

choles t e rol level on d i e t s  of a very low p ro t e in level ( 4  p er c ent o f  

calo r i es , all o f  veget able o r i g i n )  when c ompared t o  a 1 7  p er c en t 

animal- o r i g i n p ro t e in d i e t . No s i gni f i c ant change in c hole s t erol leVel 

was f ound b y  ano ther g roup when d ie t s  c ontaining 8 . 6  and 1 7 . 7  p erc ent _ 

pro f e in were c omp ar�d ( 7 1 ) . In y e t  ano ther s tudy o f  o lde r c onvale s c ent 

p at i ents ( 7 2 ) � when a h i gh m ilk p ro t e in s up plement was ad�ed  t o  t h e i r  

-d i e t s , inc re as ing p ro t e in c ont ent f rom 1 4  p ercent t o  1 9  p e rc ent , the 
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s erum chole s t erol level was  u sually incr�as ed . Th i s  las t g ro up o f  

r e s e archers  s ugg es t  t hat  inc reas ed levels o f  p ro t e in m ay ·d e c reas e s erum 

choles t e r ol levels dur ing p er i ods o f  growth , but o nc e  animals r e ach 

matur i ty there s eems t o  be les s  influenc e ( 7 2 ) . They g o  o n  t o  

s p ecula t e  that i n  s ome mature individuals h igh levels o f  d i e t ary 

pro t e in may even inc r eas e s erum chole s t erol . 

Early s tudi es o f  the e f f e c t s  o f  s ourc e o f  p ro t e in o n  

chole s t erol levels f o c u s ed m a inly o n  only two t y p e s  o f  p r o t e i n. The s e  

were c as e in ( milk p r o t e in )  as  t h e  animal s ource , and s oy p ro t e in a s  t h e  

plant sourc e . More r ec en tly r e s e archers h ave b e en examin ing t he 

e f f e c t s  o f  var i ous  s o urc e s  o f  both an imal and plant p ro t e ins ( 7 3 - 7 5 ) . 

In  a 1 9 8 0  s t udy , Neves e t  al looked a t  the  e f f ec t s  o f  t h r e e  

s ources  o f  p ur i f i ed animal p ro t e in ( ca s e in , e gg albumin , and 

lac t albumi n ) , v e r s us t he e f f ec t s  o f  two s ourc es  o f  p u re p lant p ro t e in 

( s oy and alfalfa )  ( 7 3 ) . They als o exam ined t he e f fec t s  o f  c rude 

pro t e in s ourc e s  ( yeas t ,  f i s h meal , and blood meal) . F ive m ale r a t s  

were randomly a s s i gned t o  e ach o f  t h e  d i e t s  and w ere f ed f o r  2 8  d ays . 

At the end o f  t h i s  t ime , blo od was t aken f rom e ach animal and a s s ayed 

for t o t al - C  and HDL - C . The r e s earchers f o und no c ons i s t ent d i f f e r enc e s  

i n  e i ther t o t al- C o r  HDL - C  levels among r a t s  f ed any o f  t he p r o t e ins . 

They concluded that t h e i r  dat a  indicated no unive r s al c hole s ter ol 

lower ing e f f e c t  o f  plant p r� t e ins c ompared w i th animal p ro t e i ns . 

The re s ult s o f  ano ther s t udy c onduc ted t he s ame y e ar d id 

indicate  a lower ing o f  LDL - C  by plant p ro t e ins ( 74 ) . S even d i f f er ent 

animal pro t e ins and s ix d i f f erent plant p ro t e ins w ere c omp ared i n  t h i s · 

exp er iment . Ten f e�ale rat s were plac ed on e ach o f  t h e  1 3  d i e t s . 
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Af ter  b e ing �n t h e  d i e t  f o r  2 8  days , blo od was t ak en and analyz ed f o r  

t o t al- C and LDL - C . Although the t o t al- C levels w ere n o t s i gn i f i c antly 

.d i f f erent b e tw e en an imal p r o t e in g roups and plant p ro t e in g roups , t here 

were s i gn i f i c ant d i f f erenc e s  i n  LDL - C .  All of t he animal p ro t e in d i e t s  

produced h i gher LDL - C  levels than t h e  plant p ro t e in d i e t s  ( 74 ) . 

S imilar r e s ult s were  o b tained f rom a s t udy c onduc t ed o n  h uman 

subj e c t s  ( 7 5 ) . In a p r eliminary s tudy ( 7 6 ) , r e s earche r s  c o uld n o t 

c onf i rm a chole s t erol-lowe r i ng e f f e c t  o f  s oy p r o t e in c ompared t o  

c as e in .  They d i d o b s e rv e  a h igher p e rc en t age o f  HDL - C . The s ubj ec t s  

u s ed i n  t h e  f i rs t s tudy were all young p eo ple w i th low i ni t i al s e rum 

chole s t ero l levels . In the follow- up s tudy ( 7 5 ) , m i ddle - ag e d  p eo ple 

were s tu d i ed .  The res earchers t es t ed a le s s  p ure s oy p ro t e i n  a s  w ell 

as the d i e t s  u s ed in t he p r i o r  s tudy , s pe cula t ing t ha t  s ome n on - p ro t e in 

mat e r i al as s o c i a t ed w i th the s oy could lower t he s erum c holes t erol 

levels . F i f ty - s even human s ubj ec t s , b o th m a l e s  and f emale s , w e r e  

plac ed o n  o n e  o f  t h e  thr e e  d i f f erent p r o t e i n  d i e t s  f o r 2 8  d ay s . B l ood 

s amples were o b t a ined every two weeks , plu s a t  t he . b e g inning and t h e  

end o f  the t e s t  p e r i o d . They were analyz ed f o r t o t a l - C  and H DL - C . 

There we re no marked e f f ec t s  o b s erved i n  t o t al- C l evels b e tween any o f  

the three d i e t s . The d a t a  d id s how a lowe r i ng o f  L DL - C  and a r a i s ing 

of  HDL - C  in the pure  s oy p r o t ein d i e t . Th i s  r es u l t  w as i d en t i c al t o  

that s een in the i r  p r ev i ous  s tudy . No su ch e f f e c t s  w e re o bs e rved i n  
I 

the l e s s  pure s oy p ro t e in d i e t . Th i s  group o f  r es e arche rs  c ould n o t  

recom�end a mo d e rat e r eplac ement o f  an imal p r o t e in b y  p l an t  p ro t e i n  

becau s e  they f ound only a s mall b ene f i c i a l  e f f e c t . Bu t ,  t hey r eas oned
. 

that th i s  s mall f avo iab l e  e f f ec t  plus the f ac t  t hat p lan t s o u r c e s  a re 



a l s o  u s ua l ly l ower i n  s at u r a t ed f a t  and c hole s t ero l , c ou ld l e ad t o  

bene f i c i a l  chang e s  i n  s e rum cho l es t ero l l eve l s  ( 7 5 ) . 
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S pec i f i c  ami no ac id r a t i o s  have b e en impli cat ed a s  h av ing more 

effect  on s erum c ho l e s t e r o l t han the s ource of  t he p ro t e in .  The amino 

ac ids wh i ch h av e  b e en s tudi ed mo s t  are argin ine and l ys ine . Plant 

pro t e in g enerally cont ains a h i gher leve l o f  arg inine and a l ower l evel 

o f  ly s ine t han anima l p ro t e in . 

In a r e c en t  s tudy ( 10 ) , r a t s  were placed o n  o n e  o f  f our d i e t s . 

One contained only p l an t  p r o t e in ( c o t t ons e ed p ro t e in ) , one c on t a ined 

only anima l p r o t e in ( cas e in ) , one c onta ined c o t tons e ed p ro t e in p lu s  

lys ine , and the  o ther c on t a ined the c as e in plus  a rg inine . The animals 

were f ed f o r  2 8  days and they the i r  s erum was ana lyz ed f o r  t o t a l - C  and 

HDL - C .  To t a l - C  and HDL - C  leve l s  were decreas ed i n  t he c as e in plu s  

arg inine g roup when c omp ared t o  t h e  c as e in only g roup . The animals f ed 

the c o t t ons eed pro t e in p l us  lys ine d i e t  h ad h i gher t o t al- C and HDL - C  

levels
. 

than t h e  animals o n  t h e  cot tons eed p ro t ein only d i e t . B o t h  o f  

the c as e in di e t s  p rodu c ed h i gher cho l e s t erol levels t han e i ther o f  t h e  

c o t t ons e ed p r o t e i n  di e t s . The percent HDL - C  was not  s i gn i f i c antly 

di f f e ren t in any o f  t h e  d i e t s , however .  Th e r es ult s o f  t h i s  s t udy 

indi c at e  that when the amino ac id rat i o  o f  the c as e in d i e t w as alt ered 

to  res emble c o t t on s e ed p ro t e in ,  s erum chole s t erol lev els d eclined . The 

au thors  c onclude that the r at i o of arg inine to ly s ine m ay a t  leas t 

p art i ally expla in the f requently o b s e rved c hole s t e rol- lower ing e f f e c t  

of i oy pro t e in ( 1 0 ) . The s e  result s were s up p o r t ed b y  S ugano , e t  al 

( 7 7 )  in 1 9 8 4  . . 

Ano ther amino ac id ,  c ys t ine , has b e en imp l i c a t ed i n  c au s ing an 
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inc reas e i n  s e rum c holes t e rol levels . In r es e arch p ubli s h ed i n . 1 9 8 4  

( 7 8 ) , r a t s  were f ed o ne o f  s ix di e t s . The d i e t s  w e r e  a c on t rol d i e t , a 

h i gh chole s t erol d i e t , and a l0w choles t erol d i e t , e ach w i th o r  w i thout 

adde d  cys t ine . F ive p erc en t  added cys t ine increas ed s e rum c hole s t erol 

levels b y  6 9  p e r c ent i n  t he c ontrol d i e t , b u t  i t  d ec r e a s ed s e rum 

choles t e rol by 1 5  p e r c ent in the h igh c hole s t e rol d i e t . LDL - C  levels 

were markedly i nc reas ed in all di ets when c ys t ine w as added ; HDL - C  was 

als o s i gni f i c antly i ncreas ed b y  the  addi t i on of c ys t ine . 

The amount o f  p ro t e in in the  d i e t  was als o s t udi ed b y  N ev e s  e t  

. al ( 7 3 ) . The r es earchers e xamined t he e f f e c t s  o f  d i e t s  c on t aining 1 0  

perc ent p ro t e in ( c as e in )  v e r s u s  the e f f ects o f  2 0  p er c ent p ro t e in 

( c as e in )  d i e t s  on male r at s . Tota l - C  and HDL - C w ere m e as u r ed . Total- C  

was not s i gni f i c antly ·a f f ec t ed ;  HDL - C  w a s  s i gn i f i cantly h i gher i n  t he 

20  p erc ent p ro t e in d i et .  

S ummary 

Over the las t th i r t y  y e ar s , t he r e s earch on d i et and s e rum 

choles t e rol has b een of s uch magni t ude that only a r ep r e s ent a t ive 

s ample o f  i t  has b een r ev i ewed here . From even t h i s  s ample it i s  

app arent that  there are no c ompletely c onclus ive f indi ngs . Conf l ict ing 

res ult s c an b e  f o und w i th r eg ard to almo s t  every a s p ect o f  t h e 

chole s t e rol q ues t i on .  However , s ome g eneral inferenc e s  f rom the 

li terature r ev i ewed c an be made . 
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1 .  Blood chole s t erol levels are  one key i nd i c a t o r  o f  r i s k f o r  
coronary h e a r t  d i s eas e. 

( a ) High levels o f  t o t al s erum c hole s t erol and L DL 
chole s t erol indi c a t e  i nc reas ed r i sk f o r  c o ronary h eart  
di s e as e . 

( b )  High  l ev els o f  HDL c holes t erol i ndi c a t e  d e c r eas ed r i sk 
fo�  c oronary h e ar t  d i s eas e . 

2 .  Di e t ary m od if i c a t ion has  an e f f ec t  on s erum c hole s t e rol 
leve l s . 

( a ) To t al s erum chole s t erol and LDL c hole s t e rol levels 
are : 

( 1 )  hi gher w i th h i gh levels o f  d i e t ary f a t , 

( 2 )  higher w i th low r at i o s  o f  p olyun s a t u r a t ed t o  
s at u r a t ed f a t  i n  the d i e t , 

( 3 )  h igher when d i e t ary c hole s t erol i s  h ig h  and t he 
f a t  i s  ma inly s aturated , 

( 4 ) higher w i th h i gh leve l s  o f  s imple s ug ar i n  t h e  
d i e t , and 

( 5 )  higher w i th d i e t ary p ro t e in f rom an ima l s o urces 
than f rom p l ant s ources , e s p ec i ally i n  m a t u r e  
indi v iduals . 

( b ) HDL chole s t ero l levels are : 

( 1 )  lower i n  low f a t  d i e t s , 

( 2 )  higher in d i e t s  w i th a h i gh r a t i o  o f  
p olyuns aturat ed f at t o  s aturated f at 
when c ont inued f o r  l ong p er i ods o f  t ime , 

( 3 )  higher in d i e t s  w i th c omp l ex c arbohydr a t e  v e rsus  
s imp l e  s ug a r ,  

( 4 )  li t t l e a f f ec t ed b y  s ource  o f  d i e t ary p ro t e in , and 

( 5 )  lower in di e t s  t hat  h ave v e ry l ow � ro t e in l eve l � .  
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( c )  Perc ent HDL c ho l e s tero l l eve l s  ( HDL - C  x 1 00 /To t � l - C )  
are : 

( 1 )  l i t t l e  a f f ec t ed by type  o r  amount o f  d i et ary f a t , 

( 2 )  h i gher  in d i e t s  o f  h igh c omp l ex c arbohydra t e  
vers u s  h igh s imp l e  s ugar , and 

( 3 )  h i gher in d i e t s  w i th p r o t e in f rom p l ant s o urces 
than d i e t s  w i th p ro t e in f r om anima l s ou r c e s . 

3 .  S ome p eo p l e  a re more s us c ep t i ble t o  t h e  e f f ec t s  o f  d i e t ary 
modi f i ca t i on t han o thers . 

( a ) Gene t i c  t yp e s  may a f f e c t  s us c ep t i b i l i ty t o  d i et ary 
modi f i cat i on .  

( b )  Pers ona l i ty types  may a f f e c t  s u s c ep t i b i l i ty t o  
d i e t ary mod i f i ca t i on .  



CHAPTER I I I  

METHODOLOGY AND PROCEDURES 

The p u rp o s e  of th i s  s tudy was to as s e s s  the e f f e c t s  o f  the d i e t  

sugg e s t ed in the  Un i t ed S t a t e s  D i e t ary G o als on s erum c hole s t e r ol 

levels . The s tudy was p a r t  o f  a larger p roj e c t  that  was b e ing 

c ondu c t ed a t  the  Nut r i t ion and Food S c i enc e Depar tment a t  S ou th D ako t a  

S ta t e  Univer s i ty .  

Expe r imental P l an and D i e t s  

A . t o t al o f  twe lve d i f ferent di e t s  were u s ed i n  a 3 x 2 x 2 

fac t o r i al de s i gn exp e r imen t . The c ompo s i t i on o f  t h e  d i e t s  v a r i ed w i th 

r e s p e c t  t o  typ e o f  f a t , s ou r c e  and amount o f  c arbohydr a t e , and amount 

of p ro t e in . The r e  we r e  three typ e s  of f a t : s a turated f a t ( be e f  

t allow ) ,  uns a t u r a t ed f a t  ( co rn o il) , and a half - and- half c omb ina t i on o f  

the two . The lev� l o f  f a t  rema ined c ons t ant i n  a l l  d i e t s  a t  2 8  p e rc ent 

of t o t a l  c alo r i es . Two types o f  c arbohydr a t e s  were u s ed ,  s uc ro s e  o r  

· c orns t arch . The level o f  c arbohydrat e var i ed invers e l y w i th t he l eve l 

of  p r o t e in in the  di e t s . The p ro t e in l eve l s  were e i th e r  1 0  o r  2 0  

percent o f  t o t al c alo r i e s , wi th the c arbohydrate  l eve l s  b e i ng 6 2  o r  5 2  

percent , res p e c t ively . The d i e t s  a l s o inc l uded adequ a t e  v i t am i ns and 

mine r a l s  f o r  l ab o r a t o ry rat s as  p r e s c r i bed by the Ame r i can I ns t i t u t e o f  

Nu ir i t i on ( 7 9 ) . Comp o s i t i on o f  t he d i e t s , b y  p er t ent o f  t o t a l  w e i ght 

and by p e r c en� of t o t a l  energy are inc l uded in Tables  3 and 4 .  The 

di e t s  we r e  cus t om mixed b y  the Uni t ed S t a t e s  B i ochem i c a l  C o rp o r at i on . 



T ab l e  3 
Comp o s i t i on o f  Exp e r i m en t a l  D i e t s  

b y  P e rc en t  o f  T o t a l  W e i g h t  

D i e t  
I ng r e d i en t  1 2-- ------r---li - - 5 

-
6 7 8 

io io io io io io % % 

C a s e i n 2 1 . 1  10 . �  2 1 . 1  1 0 . 6  2 1 . 1  1 0 . 6  2 1 . 1  1 0 . 6  

DL - H e t h i on i ne 0 . 3  0 . 2  0 . 3  0 . 2  0 . 3  0 . 2  0 . 3  0 . 2  

S u c ro s e  5 5 . 6  66 . 3  - - 5 5 . 6  6 6 . 3  - -

C o rns t a r c h  - - 5 5 . 6  6 6 . 3  - - 5 5 . 6  6 6 . 3  

B e e f  Ta l l ow 6 . 7  6 . 7  6 . 7  6 . 7  1 3 . 3  1 3 . 3  1 3 . 3  1 3 . 3  
I 

C o rn o i l  6 . 7  6 . 7  6 . 7  6 . 7  - - I - -

F i b er - C e l u f i l 5 . 0 5 . 0  5 . 0  5 . 0  5 . 0  5 . 0 5 . 0 5 . 0 

A I N  M i n e r a l  M i x  3 . 5 3 . 5 3 . 5  3 . 5  3 . 5  3 . 5  3 . 5 3 . 5  

A I N  V i t am i n  M i x  1 . 0 1 . 0  1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 

Cho l i ne B i t a r t r a t e  0 . 2 0 . 2  0 . 2 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  

9 1 0  
io % 

2 1 . 1  1 0 . 6  

0 . 3  0 . 2  

5 5 . 6  6 6 . 3  

- -

1 3 . 3  1 3 . 3  

5 . 0 5 . 0  

3 . 5  3 . 5  

1 . 0 1 . 0 

0 . 2  0 . 2  

1 1  
io 

2 1 . 1  

0 . 3  

5 5 . 6  

1 3 . 3  

5 . 0  

3 . 5  

1 . 0 

0 . 2  

1 2  
io 

1 0 . 6  

0 . 2  

6 6 . 3  

1 3 . 3  

5 . 0 

3 . 5  

1 . 0 

0 . 2  

l;.) 
� 



Tab l e  4 
Compo s i t i on o f  Exp e r i m en t a l D i e t s  

b y  P e r c e n t  o f  To t a l  E n e rgy 

D i e t  
Ingred i en t  1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  

io io % io io io io io io io io io 

F a t  

1 14 . 0  14 . 0  14 . 0  14 . 0  2 8 . 0  2 8 . 0  2 8 . 0  2 8 . 0  S a t u r a t e d  - - - -

Uns a t u r a t e d 2 1 4 . 0  14 . 0  14 . 0  14 . 0  2 8 . 0  2 8 . 0  2 8 . 0  2 8 . 0  

Carbohyd r a t e  

S u c ro s e  5 2 . 0  6 2 . 0  5 2 . 0  6 2 . 0  5 2 . 0  6 2 . 0  

C o rns t a rch 52 . 0  6 2 . 0  5 2 . 0  6 2 . 0  5 2 . 0  6 2 . 0  

P r o t e i n  2 0 . 0  10 . 0  20 . 0  1 0 . 0  2 0 . 0  1 0 . 0  2 0 . 0  1 0 . 0  2 0 . 0  1 0 . 0  2 0 . 0  1 0 . 0  

'l �B e e f  t a l l ow w a s  u s e d  a s . t h e  s o u r c e  o f  s a t u r a t e d f a t . C o rn o i l  w a s  u s e d a s  t h e s o u r c e  o f  
uns a t u r a t e d f a t . · 

I..V 
V1 
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Tes t An ima l s  

Ma l e  a l b ino r a t s , o b t a ined f rom the H o l t zman C omp any , M ad i s on , 

W i s cons in , were u s ed a s  the s ubj ec t s  for  the  exp er iment . Anima l s  t hat  

were app roxima t e ly 28  d ay s  o l d were p l ac ed on a c omme rc i a l  rat  c how 

d i e t  for a four  d ay ac c l i ma t i on p eriod . The chow was  g roun d  t o  

s imu l a t e  the  t ex t u r e  o f  the  exper imen t a l  d i e t s . Th e averag e  w e ight o f  

the anima l s  when they s tarted  the  e xp er imenta l  d i e t s  w a s  1 00 g rams 

( x= 1 00 ±2 0 ) .  The w e i g h t s  r anged f rom 6 5  g rams t o  1 3 0 g rams . Af t e r . t h e  

ac c l ima t i on p er i od , f ive r a t s  w e r e  random l y  c ho s en f o r  e ach d i e t . 

B e c aus e o f  l i�i t ed s pace , l abor , and ava i l ab l e  c ag e s , o n ly t wo o r  t hree 

exp erimen t a l  g roups  were  i n  p rogre s s  a t  any one t ime . Each d i e t ary 

reg imen was c on t inued f o r  2 8  d ays . The f i r s t  g roup w a s  s t a r t ed i n  

Febru ary , 1 9 8 4 , and t h e  l �s t  g roup was s ac r i f i c ed t h e  end o f  A u g u s t ,  

1 9 8 4 . 

The r at s  were h ou s ed ind ividua l ly i n  c l ear p o lycarbona t e  c ag e s , 

w i th a l t e rnat ing 1 2  hour  per i od s  o f  l ight and d ark .  They w e r e  a l l owed 

ad l ib i t um acc e s s  ·t o  water and to the exp er imen t a l  d i e t s . F o o d  

cons ump t i on w a s  meas ured every o ther d ay and the anima l s  w e r e  w e i ghed 

. tw i c e  per  w e ek . A t  t h e  end o f  each exper iment t he an ima l s  w e r e  f as ted  

overnight  and , und e r  c h l o ro f o rm ane s thes i a , w e r e  b l ed b y  h e art  

punc ture . The b lood was a l l owed t o  c o ag u l at e  and w as t hen c ent r i fuged 

at 3000  x g for twenty m inut e s  t o  o b t ain the s erum . The s erum w as then 

imme d i at e ly f r o z en a t  - 2 0 d egrees  c en t i grade unt i l  d e t erm i na t i on o f  t he 

cho l es t ero l c oncentrat i ons c o u l d  b e  made . 
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T o t a l  cho l e s t ero l o f  the s erum was d e t ermined b y  t h e  enzymat i c  

method o f  A l l a i n  e t  a l  ( 80 ) . The d et ermina t i on o f  t o t a l  c ho l e s t e ro l  by 

thi s  me thod make s u s e  of  a s ing l e  r eagent , wh ich was  p re p ared 

imme d i a t e ly p r i o r  t o  c ondu c t ing the cho l e s t er o l  a s s ay .  To o b t a i n  

uni f o rm i t y , o n e  b atch o f  r e ag ent was u s ed f o r a l l  o f  t h e  s amp l e s . The 

s amp l es were k e p t  f ro z en at - 2 0 d egrees c en t i grad e  u nt i l  a l l  w e r e · 

co l l ec t e d  and t he d et e rmina t i ons were d one o n  a l l  s amp l es o v e r  a p er i od 

o f  two d ays . 

In the as s ay by t h i s  me thod , 3 0  m i c ro l i t ers  o f  s e r um w e r e  

incubated w i th 3 . 0 m i l l i l i t ers  o f  the r eagent f o r  1 0  m i nu t e s  a t  3 .7 

degrees  c ent igrad e . The change i n  c o lor , whi ch w as d ue t o  t he amount 

of c ho l e s t ero l i n  the s amp l e , was meas ured by a D B - GT B e ckman 

s p e c t ropho t ome t e r  a t  5 00 nanometers . Conc entr at i ons o f  c ho l e s t e ro l i n  

t h e  s era w e r e  d e �ermined by c omp ar i s on t o  a s t and ard c urve u s ing known 

amo unts o f  cho l e s t er o l .  The t o t a l  s e rum cho l es t e ro l v a l u e s  a re 

inc luded in Append ix A .  

H i gh Dens i ty L i p o p r o t e i n  Cho l e s te ro l 

P r i o r  t o  d e t ermi nat ion o f  HDL c ho l es t ero l ,  t h e  L DL and V LDL 

frac t ions needed to b e  r emoved f rom the s e rum . Th i s  was  d one b y  a 

. mod i f i c a t i on o f  the m e thod o f  Warni ck and A lb e r s  ( 8 1 ) . By t h i s  m e thod 

the LDL and VLDL f rac t i ons were p r ec i p i tated o u t  o f  t h e  s e rum b y  a 

hepar in- mang ane s e  r e ag ent . The c ompo s i t ion· o f · t h i s  r e agent i s  s hown i n  

Tab l e  5 .  



Tab l e  5 
Fo rmu l a  f o r  H epar in-Mangane s e  P r ec i p i tat i on o f  L DL - and V LDl* 

Ing red i en t  

S o d ium Heparin 
Mangane s e  Ch l o r i d e  
S o d i um Ch l o r i d e  

*Ad ap t ed f rom W arni ck and A lbers ( 8 1 ) .  

Conc en t r at i o n  
i n  One L i t e r  

1 8 0 , 00 0  Un i t s  
0 . 09 2  mo l e s  
0 . 1 5 0  mo l e s  
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Twent y  m i c ro l i t ers o f  t h e  reagent w e r e  added  t o  2 00 m i c ro l i t ers 

o f  s e rum and tho rough l y  m ixed . Af ter  s t and i ng a t  4 d eg r e e s  c en t i g rade 

for 3 0  minu t e s , t hey were  c en t r ifuged a t  1 50 0  x g f o r  3 0  m inu t es . The 

c l ear sup ernatan t  p o rt i on c ontain ing �he HDL cho l es t e r o l w a s  t hen 

ana ly z ed f o r  cho l es t e r o -l content in the s ame manner a s  p rev i ou s l y  n o t ed 

for  t o t a l  cho l e s t ero l . The HDL cho l es t ero l v a l u e s  a r e  i nc l uded  i n  

Append ix A .  

P e rcent HDL C ho l e s t e ro l 

The p erc ent o f  t o t a l  cho l e s t ero l that was i n  t h e  HDL p o rt i on 

was c a l c u l a t ed f rom the r e s u l t s o f  the p r ev i ous  t wo t es t s . The p e rcent 

HDL cho l e s t ero l va l u es  are i nc luded in Append ix A .  The f o l l owing 

fo rmu l a  was u s ed to c a l c u l at e  the values : 

HDL cho l es te ro l x 1 0 0  
t o t al cho l es t e rol 

Var i ab l e s  

The d i e t s  w e r e  g rouped f ac to r i a l ly by t h e  v ar i ou s  d i e t ary 

c omp onent s .  Tab l e  6 s hows the  g roup ing s by � nd ep end ent v �r i ab l es and 

the numb er of an i�a l s  t h a t  were i nc l ud e d  i n  e ach g roup i ng . Each o f  

the s e  groups  was meas u r ed f o r  the d ependent v ar i ab l e s ; t o t a l  s e rum 
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cho l e s t e ro l , HDL cho l es t e ro l , and p ercent H DL cho l e s t ero l . 

Tab l e  6 
Indep end ent V a r i ab l es  and Anima l G roup i ng s  

Number o f  Groups p er 
Independ ent V ar i ab l es Independ ent V a r i ab l e  

Numb e r  o f  A n ima l s  
p e r  G roup 

Typ e  of D i et ary Fat 3 

Type o f  D i e t ary C arbohyd r a t e  2 

Amoun t o f  D i e t ary P r o t e in 2 

Typ es  o f  D i et ary F a t  and 
Carbohyd r a t e  6 

Typ e o f  D i e t ary F at a nd 
Amount o f  D i e t ary P ro t e in 6 

Amoun t o f  D i e t ary P ro t e in and 
Typ e  o f · D i e t ary C arb ohyd r a t e  4 

Type s  o f  D i e t ary Fat  and C arbohydrate , 
and Amount o f  D i et ary P ro t e in 1 2  

Hypo thes es 

2 0  

3 0  

3 0  

1 0  

1 0  

1 5  

5 

The f o l l owing nu l l  hypothe s e s  were d eve loped t o  b e  t e s t ed and 

eva l uated . 

1 .  There  i s  no s ign i f i c ant re l a t ions h i p  b e tw e en t o t a l  s e rum 
cho l es t e ro l l eve l s  and : 

( a ) typ e o f  d i et ary f a t , 

( b ) type o f  d i e t ary car,:-ohyd r a t e , 

( c ) amount o f  d i e t ary · p ro t e in , 

( d ) ty� e s  o f  d i e t ary f a t  and c arbohyd r a t e , 

( e ) typ e o f  d i e t ary fat  and amount o f  d i e t ar� p r o t e in , 



( f )  amo unt o f  d i e t ary p ro t e in and type o f  d·i e t ary 
carbohydrat e , and 
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( g )  typ e s  o f  d i e tary f a t  and c arbohyd r a t e , and amount o f  
d i e t ary p r o t e in .  

2 .  There i s  no s igni f i cant r e l a t i onsh i p  b e tw e en H D L  
cho l e s tero l l ev e l s  and : 

( a ) typ e o f  d i e tary f at , 

( b )  type o f  d i et ary c arbohydrate , 

( c )  amount o f  d i e t ary p ro t e i n , 

( d )  typ e s  o f  d i e t ary f a t  and c arbohyd � a t e , 

( e )  typ e o f  d i e t ary fat - and amoun t o f  d ie t ary p r o t e i n , 

( f )  amoun t  o f  d i e t ary pro t e in and type o f  d i e t ary 
c arbohyd r at e , and 

( g )  typ e s . o f  d i e tary f at and c arbohyd rat e , and amount o f  
d i e t ary p r o t e in .  

3 .  The r e  i s  n o  s igni f i cant re l a t ions h i p  b e tw e en p e r c ent H DL 
cho le s t ero l l ev e l s  and : 

( a ) typ e o f  d i e tary fat , 

( b )  typ e o f  d i e t ary c arbohydrate , 

( c )  amount o f  d i e t ary p ro t e in , 

( d )  typ e s  o f  d i e t ary f a t and c arbohyd r at e , 

( e ) typ e o f  d i e t ary f a t and amo unt o f  d i e t ary p ro t e i n , 

( f )  amount o f  d i e t ary p ro t e in and t y p e  o f  d i e t ary 
c arb ohyd ra t e , and 

( g )  typ e s  o f  d i et ary f a t and c arbohydrat e ,  and amount o f  
d i e t ary p ro t e in .  
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Dat a  Analys i s  

Resu l t s w e r e  ana lyzed  b y  the S t at i s t i c a l  Ana ly s i s  S ys t em ( 8 1 ) . 

us ing f ac to r i a l  ana ly s i s  o f  var i ance  b e tween s erum c ho l e s t e ro l m e ans 

for  var i ous  s ub group s a s  d e f ined b y  the  i nd e p endent v a r i ab l e s . I f  t h e  

fac t o r i a l  ana lys i s  o f  v ar i anc e y i e l ded a s igni f i c ant F - va l ue ( p < 0 . 05 ) , 

a p o s t -hoc t e s t ( F i s h e r ' s  p r o t ec t ed LSD  t es t )  w as c onduc t e d  f o r 

c omp ar i s on o f  t h e  t re atment means . Pears on p roduc t - moment c o rre l a t i ons 

were a l s o  c ondu c t ed b e tween s erum c ho l es t er o l  m e ans and d i e t ary 

c omponent s .  

L imi t at ions o f  The S tudy 

The f ac i l i t i e s  avai lab l e  for hous ing o f  the anima l s  w e re n o t  

ad equat e f o r  the  magn i tude o f  thi s s tudy . Becaus e o f  l im i t e d  s p ac e ,  

cag e s , and l abo r , t h r e e  d i e tary g roups were t he m ax imum t ha t  c o u l d  b e  

hou s ed and f ed at  any one t ime . Th i s  l ed t o  a l ap s e  o f  f ive months 

between s ac r i f i c e  of  the  f i rs t  group and s ac r i f i c e  o f  t h e  l as t  g roup . 

There i s  s ome e v i d enc e that there are s easona l var i a t i ons i n  

cho l e s t ero l l eve l s , e s p ec i a l ly the l i popro t e in cho l e s t e ro l l eve l s  ( 8 2 ) . 

A l tho ugh the s e as ona l v ar i a t i on s t ud i e s  were  no t c ond u c t e d  o n  r a t s , 

there may b e  s uch a t rend i n  rats  as  w e l l .  There w a s  an o bv i o us 

var i a t ion over t ime o bs erved in t h i s  s tudy . A g r aph i l l u s t r a t ing t h i s  

t rend i s  inc luded  in A p p �nd ix B .  Becau s e  t here w ere rio  t rue c on t ro l 

groups , g roups  f ed c omme rc i a l  chow . for  the ent i r e  f our w e eks , t here  was 

no way to eva l u a t e  how much of the d i f f erenc � i n  m e ans was d u e to 

s e asona l var i a � i ons . 

There were p rob l ems enc�unt ered w i th regard t o  t r ans p o r t  and 
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arr iva l o f  the anima l s . S everal t imes t h e  anima l s  d i d  n o t a rr i v-e o n  

t h e  s chedu l ed d a t e , c au s i ng c ons iderab l e  var i at i ons i n  t h e i r  b eg inning 

weights . 

F inal ly , g ener a l i z ing the f indings £ r om t h i s  g r oup o f  anima l s  

t o  o ther g roup s o f  animal s  ( even f ema l e s  o f  t h e  s ame s p ec i es ) , and 

e s pe c i a l l y  to p e op l e , s ho u l d  be avo i ded . The m aj o r i ty o f  s e rum 

cho l es t ero l  i s  b ound t o  HDL in rat s ( 1 0 ) , whereas t he m aj o r i ty i s  b ound 

to LDL in h umans . The r o l e s  of the various  c ar r i e r  s ys t ems a re n o t 

comp l e t e ly und e r s t o o d  in e i ther s pe c i es , and may v ary c on s i de r ab l y  

b e tw e en the two . 



CHAPTER I V  

RESULTS AND DI S CUSS I ON 

Twe lv e  d i ff e r ent d i e t s  bas ed on the recommend a t i on s  o f  the U . S .  

D i e t ary Go a l s  were  u s ed t o  s t udy the e f f e c t s  on s erum cho l e s t e ro l 

l eve l s . F i ve l abo ratory rats  were p l aced on each d i e t  f o r  f ou r  w e eks . 

A t  the end o f  t h i s t ime s erum tota l cho l e s ter6 l ,  HDL c ho l es t e ro l , and 

percent HDL cho l e s t e r o l  were d e t e rmined . Th i s  c hap t e r  d e s c r ib e s  t he 

res u l t s  o b ta ined f rom the  s tudy . 

Compu t er Ana lys i s  o f  Data 

The S t at i s t ic a l  Ana lys i s  S ys tem ( 8 1 )  was u s ed to c ompu t e  

fac t o ri a l  ana ly s i s  o f  var i anc e , F i sher ' s  p ro t e c t e d  l e as t s i gn i f i c ant 

d i f f erenc e t es t , and P ea r s on p roduc t - moment c o rre l a t i ons b e tween m e an 

s erum cho l e s tero l . l eve l s  and d i e t ary componen t s . 

Re l at i on s h i p s  B e tween S e rum Cho l e s t e ro l L ev e l s · 
and Ind epend ent Var i ab l es 

The resu l t s o f  the ana lys i s  o f  var i anc e are  i nc l ud e d  i n  

App end ix C .  Mean s co r e s  that showed s igni f i c ant F v a l u e s  ( p < O . O S )  were 

further ana l y z ed by F i s her ' s  p ro t ec t ed l eas t s i gni f i c ant d i f f e renc e 

( LSD ) t es t . Th i s  t es t  was u s ed t o  d e t ermine wh ich o f  t h e  g roup m eans 

d i f f ered s igni f i can t l y . 

Th e Re l a t i on s h ip B e tween S e rum Cho l es tero l L�ve l s  
and Typ� of D i e t ary Fat 

Tab l e  7 shows the mean serum cho l e s tero l l eve l s  when t h e  d i e t s  
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were grouped by t y p e  o f  d i e t ary f a t . N o  s ign i f i c an t  d i f f e renc e w a s  

found i n  t o t a l  s e rum cho l e s tero l  l eve l s  d u e  t o  the t yp e  o f  f at i n  t he 

· d i e t . Thus  the nu l l  hyp o the s i s  c anno t b e  r ej e c t ed . Thi s  f ind i ng 

d i f fers f rom many p r ev ious  s tud i e s  ( 4 , 8 , 9 , 4 0 , 4 1 , 4 2 , 43 , 44 )  w h i ch 

i nd i c at e  a s i gn i f i c an t  d ecreas e in t o t a l  s e rum cho l e s t e ro l l eve l i n  

d i e t s  where  the  predominant f at w a s  uns aturat ed . 

Tab l e  7 
Mean S erum Cho l es t ero l L eve l s  G roup ed B y  

Type o f  D i e tary F a t  

Type o f  D i e t ary F a t  

5 0% S atura ted , 5 0% Uns aturated 
S aturated 
Uns a t ura ted 

To tal S erum2 HDL % HDL 
Cho l e s � e ro l Cho l e s t e r o l Cho l e s t e ro l  

7 5 . 6 4 
7 2 . 3 4 
8 0 . 2 2 

35 1 . 2 9 a 

5 2 . 4 3� 
5 9 . 8 2 

1 2 
A l l m e ans are repo rted as 3mg p e r  1 00ml  o f  s erum . F -v a l ue o f  

thi s co l umn was no t s ign i f i c ant . Means wi thin a c o l umn w i thout  c ommon 
super s c r i p t  l e t t e rs w e re s i gni f i c ant ly d i f f erent a c c o rd ing t o  t he 
F i sher ' s p ro t e c t ed l e as t s i gn i f i cant d i f f erence t e s t  a t  p < 0 . 0 5 .  

Leve l s  o f  HDL c ho l es t ero l and p ercent HDL c ho l e s t e ro l l eve l s  

were s i gn i f i c ant ly d i f f e rent d u e  t o  type o f  d i e t ary f a t .  Hyp o t h e s e s 

des c r ib ing no r e l at ions h i p  b e tween type o f  d i e t ary f a t and H DL 

cho l e s t ero l l eve l s  o r  p e rc ent HDL cho l es t ero l l eve l s  c o u l d , t he r e f o r e , 

be rej ec t ed . 

The r e s u l t s  o f  the LSD  tes ts  that were c ond u c t ed o n  t he m e an 

HDL and p erc ent HDL c ho l es t e ro l l ev� l s  are a l s o  f o und i n  T ab l e  7 .  Me an 

HDL ·cho l e s t e ro l l eve l w as s ign i f i c ant ly h i g h�r ( 14io h igher
.
) i n  d i e t s  

containing uns �t urat�d f a t  ( c orn o i l )  than in d i e t s  c on t a i n i ng e i ther 

�f the o ther typ es  o f  f a t . Treatment means o f  p e rcent HDL c ho l e s t ero l 
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11ere s igni f i c an t ly h i gher ( 9io h i gher ) i n  t h e  uns aturat ed f at ( c o·rn o i l )  

d i e t s  than i n  t h e  5 0% s aturated ( be e f  t a l l ow ) : 5 0% uns a tu r a t ed f a t  ( corn 

o i l ) d i e t s . The s e  r e s u l t s  are cons i s t ent w i th t h e  f ind ings  o f  H e ine , 

e t  a l  ( 45 ) , and H j e rmann , e t  a l  ( 46 ) . 

The Re l a t i ons h i p  B e tween S e rum Cho l e s t ero l L eve l s  
and Typ e  o f  D i e t ary Carbohydrate 

Mean s erum cho l e s t ero l l ev e l s  when the d i e t s  were g rouped by 

type of d i e t ary c arbohydrate  are s hown in Tab l e  8 .  T o t a l  s e rum 

cho l e s t e ro l was s i gn i f i c an t ly ( p < 0 . 0 5 )  re l a t ed to t yp e  o f  c arbohyd rate 

in the d i e t . Thu s  t h e  nu l l  hypothe s i s  c an b e  rej ec t e d . The L SD t e s t  

shows a s i gn i f i c ant l y  h igher mean t o t a l  cho l e s t ero l l ev e l  i n  t h e  

sucro s e  d i e t s  t han i n  the  c orns t arch d i e t s . Thi s  d i f f e renc e w a s  about 

nine percent •. 

T ab l e  8 
Mean S erum Cho l e s tero l L eve l s  Group ed B y  

Type o f  D i e t ary C arbohydrate  

Type o f  D i e t ary C arbohyd ra t e  

Sucro s e  
Corns t arch 

To t a l  S erum 
Cho l e s t ero l 

1 Mean 
H DL 

2 % HDL 
Cho l e s tero l Cho l es t e ro l 

5 3 . 8 2 
5 5 . 2 1 

a 6 7 .  2 4
b 7 6 . 5 1 

1 2 
A l l mean s  are repo r t ed as 3mg p e r  1 00 m l  o f  s e rum . F - va l ue o f  

thi s  c o l umn was no t s i gni f i cant . Means w i th in a c o l umn w i thout  c ommon 
supers c r i p t  l e t t er s  w e r e  s i gn i f i c ant ly d i f ferent acco rd ing t o  t h e  
F i sher ' s  � ro t e c t ed l eas t s i gni f i c ant d i fference t e s t  a t  p < 0 � 0 5 .  

Mean HDL c ho l e s t ero l l eve l s  were no t s i gn i f i c an t l y  r e l at ed t o  

typ e o f  c arbohyd r a t e  i n  t h e  d i e t . · The r e f o r i ,  t he n u l l hyp o thes i s  

canno t. b e  r ej e c t ed . · 

The nu l l  hypo thes i s  i nd i c a·t ing no r e l a t ionshi p b e tween p e r c ent 
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HDL and f o rm o f  d i e t ary c a rbohydrat e c an b e  r ej ec t ed . A s i gn i f i c an t  

d i ff e renc e w a s  found i n  p erc ent HDL l eve l s ; t h e  c o rn s t arch d i e t s  

y i e l ded a s igni f i c an t ly h i gher mean p erc ent H DL l ev e l t han t h e  s uc ro s e 

d i e t s . The r es u l t s  o f  th i s  s tudy wou l d  c omf i rm t he f ind i ng s  o f  

Ho s tmark , e t  a l  ( 6 2 , 6 3 )  who f o und e s s ent i a l ly no chang e i n  t o t a l  

cho l e s t ero l l eve l s  b etween d i e t s  wi th s uc ro s e  and d i e t s  w i th s t arch , 

but obs e rved a h i gh e r  p ercentage o f  HDL c ho l e s t ero l i n  c o rn s t arch 

d i e t s . 

The Re l a t i onsh i p  B e tween S e rum Cho l e s tero l Leve l s  
and Amount of D i e t ary Pro tein 

Tab l e  9 s hows the mean s erum cho l e s t e ro l l ev e l s  when t h e  d i e t s  

were gro uped by amount o f  d i e t ary p r o t e in . N o  s i gn i f i c ant r e l at i on s h i p  

w a s  found b e tw e en t h e  amo un t o f  d i e t ary p ro t e in a n d  any o f  t h e  m e an 

cho l e s tero l l eve l s . The nu l l  hyp o th e s e s  c anno t b e  r ej e c t ed . 

Tab l e  9 
Mean S erum Cho l e s t ero l L eve l s  G rouped B y  

Amount o f  D i e t ary P ro t e in 

Amount o f  D i e t ary P ro t e in 
To t a l  S erum 2 H DL 

2 % HDL 
2 Cho l e s te ro l Cho l e s t e ro l Cho l e s t e ro l 

2 0% P ro t e in 
1 0% P ro t e in 

7 4 . 3 2 
7 7 . 8 1 

5 2 . 5 1 
5 6 . 5 2  

7 0 . 3 1 
7 3 . 44 

1
A l l  means are report ed as  mg p er 1 00m l o f  s e rum . 2

F - va lue o f  
th i s  c o l umn was no t s ign i f i c ant . 

Keys and And e r s on ( 7 1 )  compared d i e t � w i th l eve l s . o f  p r o t e in 

s imi lar t o  the l eve l s  u s ed in t h i s  s tudy . They a l s o  o b s erv�d n o  

s i gn i f i c ant e f f e c t  on t o t a l  c ho l e s t ero l l eve l s . Nev e s  e t  a l  ( 7 3 )  a l s o 
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found no s i gni f i c ant e f fe c t  o n  t o t a l  cho l e s tero l b u t  f o und a 

s i gni f i c ant l y  h i gher HDL cho l e s te ro l l eve l i n  2 0% p r o t e in d i e t s  t han· i n  

1 0% p ro t e in d i e t s . The HDL c ho l e s t ero l f ind ings o f  N eves  e t  a l  ( 7 3 )  

d i ff e r  f r om the r e s u l t s  o f  t hi s  s tudy . 

The R e l at i ons h i p  B e tween S e rum Cho l es tero l  L eve l s  
and Typ e s  o f  D i e t ary F a t  and Carbohydrate 

The e f f e c t s  of  the interac t ion o f  t yp e  of  d i e t ary f a t and type 

o f  d i e t ary c arbohy d r a t e  on s e rum cho l e s t ero l l eve l s  w a s  exam ined . 

Tab l e  1 0  s hows the mean s erum cho l e s tero l l eve l s  when t he d i e t s  w er e  

grouped by th i s  interac t i on .  Mean HDL and p erc ent HDL cho l e s t ero l 

l eve l s  were no t � ign i f i c ant ly r e l ated t o  types  o f  d i e t ary f at and 

carbohyd r at e . Thu s  t he nu l l  hypo thes e s  s t at ing n o  r e l a t ions h i p  b e tween 

mean HDL an� p erc ent HDL cho l e s tero l l eve l s  and t yp e s  o f  d i e t ary f a t 

and c arbohydr a t e  c anno t  b e  rej ec t ed . 

To t a l  s erum cho l e s t ero l w as s i gni f i c ant ly a f f e c t ed b y  t he 

int e rac t i on o f  type o f  f a t  and typ e o f  c arbohyd r a t e  i n  t h e  d i e t . But  

on ly when the typ� of  f a t  was 5 0% s aturated : 5 0% u n s a t u r a t e d  d i d t h e  

typ e of c arbohyd r a t e  make any d i f f erenc e ( Tab l e  1 0 ) . W i th t h i s  t yp e  o f  

fat , d i e t s  w i t h  s uc ro s e  a s  the source o f  c arb ohyd rate  y i e l d ed 

s ign i f i c ant ly h i gh e r  ( 20% h ighe r )  mean t o t a l  cho l es t ero l l eve l s  t han 

d i e t s  w i th c o rns t arch as the c arbohydrat e . 



Tab l e  1 0  
Mean S e rum Cho l e s tero l L eve l s  G rouped  B y  

Typ e s  o f  D i et ary F a t  and C arbohyd r at e 

Mean 1 

4 8  

Typ es  o f  D i e t ary Fat and T o t a l  S erum H DL 
2 

io HDL 
2 C arbohydrate  Cho l es t ero l Cho l e s t er o l Cho l e s t e ro l 

5 0% S aturated , 5 0io Uns a tu r a t ed 
38 3 . 6 5 a S ucro s e  5 2 . 8 9 6 3 . 6 8 

Corns t arch 6 7 . 6 3 b 4 9 . 6 9 7 3 . 7 9 

Saturated 
Suc r o s e  7 5 . 6 6 a 5 1 . 7 5 6 5 . 8 1 
Corns t arch 6 9 . 0 3 a 5 3 . 1 0 7 6 . 7 2 

Uns aturated 
Suc r o s e  7 8 .

-
2 9 a 5 6 . 8 1 7 2 . 2 2 

Corns t arch 8 l . 1 5 a 6 2 . 8 3 7 9 . 0 3 

1 2 A l l  � e ans are reported as
3

mg p e r  1 00m l o f  s e rum . F -va l u e  o f  
thi s c o l umn w a s  n o t  s igni f i cant . Means  w i th in a s ub c o lumn w i thou t · 
common s up er s c r i p t  l et t ers  were s igni f i c ant ly d i f f � rent a c c o rd i ng t o  
the F i sh e r ' s  p ro t ec t ed l eas t s ignif i cant d i f f e renc e t es t  a t  p < 0 . 0 5 .  

The R e l a t i ons h ip B e tween S e rum Cho l e s t e ro l L ev e l s  and Type o f  
D i e tary F at and Amo unt o f  D i e t ary P ro t e i n  

A l l  t h r e e  s erum cho l es t ero l l eve l s  t e s t ed w e r e  s i gni f i c an t ly 

( p < 0 . 0 5 )  re l at ed t o  the  i n t e r ac t i on o f  type  of f a t and amoun t  o f  

prot e i n  i n  the d i e t s . Therefore , t he nu l l  hypo the s e s  i nd i c a t ing no 

re lat ions h i p  b e tween s erum cho l e s tero l l eve l s  and t yp e  of d i e t ary f at 

and amount o f  d i e t ary p ro t e in c an b e  r ej e c t ed . The m ean s e rum 

cho l e s t e ro l l ev e l s  are s hown in T ab l e  1 1 . 
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Tab l e  1 1  
Mean S erum Cho l es t ero l Leve l s  Grouped B y  

Type o f  D i et ary Fat and Amoun t o f  D i e t ary P ro t e in 

Mean 
1 

Typ e  o f  D i e t ary F a t  and T o t a l  S erum H DL % H DL 
Amount o f  D i e t ary P ro t e in Cho l e s t ero l Cho l es t e r o l Cho l e s t ero l 

5 0io S at u r a t ed , 5 0% Uns a turated 2
7 4 . 5 2

a 
2 0% P r o t e i n  5 2 . 6 1 

a 
7 1 . 0 5 

a 

1 0io Pro t e in 7 6 . 7 6
a 

4 9 . 9 7
a 

6 6 . 42
a 

S aturated 
20io P ro t e in 

a a a 
6 5 . 1 8 b 4 3 . 5 1 b 6 5 . 3 0 b 

1 0% Pro t e in 7 9 . 5 1 6 1 . 3 4 7 7 . 2 3 

Uns aturat ed 
2 0io P ro t e in . 8 3  �. 2 6  

a 
6 1 . 4 0 a 

7 4 . 5 8
a 

1 0io Pro t e in 7 7 . 1 8 a 5 8 . 2 4
·a 

7 6 . 6 8
a 

1 2 A l l mean s  are r e p o r t ed as mg per  1 0 0m ! o f  s e rum . Means 
w i th in a s ubc o l umn w i tho u t  c ommon s upers c r i p t  l e t t e r s  w e r e  
s igni f i c an t l y  d i f f e rent according t o  the F i sher ' s  p ro t e c t e d  l eas t 
s igni f i cant d i f f erence  t e s t  a t  p < O . O S .  

Upon c l o s e r  e xamina t i on with  the L S D  t e s t , i t  b ec om e s  apparent 

tha t on ly the  d i e t s  that  c on t a ined s aturated f a t  s howed s ig n i f i c ant 

effects  d u e  t o  interac t i on w i th the amount o f  d i e t ary p ro t e in .  The 

l ower l eve l o f  d i e t ary p r o t e in produced s i gni f i c ant ly h i ghe r  m e ans o f  

each o f  the three c ho l e s t e ro l l eve l s , w i th the H DL cho l e s t e ro l b e ing 2 9  

p erc ent h i gher o n  t h e  l ower p ro t e in d i e t s . 

The Re l a t i onship B e twe en S e rum Cho l e s t e ro l and Amount o f  
D i e t ary P ro t e in and Type o f  D i e t ary C arbohydrate. 

B o th mean t o t a l  s erum cho les t ero l and mean HDL cho l e s t e ro l 

l eve l s  were s ign i f i c ant l y  ( p < O . O S )  a f f e c t ed - by i n t e rac t i ops o f  amount 

of d i et ary p ro t e in �nd typ e o f  d i etary c arbohyd rate  ( Tab l e  1 2 ) . The 

nu l l  hyp o t he s e s  s t at i ng no r � l at ionship b e tween t h e s e  cho l e s t e ro l 
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l eve l s  and t h i s  int e r ac t i on c an be r ej e c t ed . 

Tab l e  1 2  
Mean S erum Cho l e s t ero l L eve l s  Grouped B y  

Amoun t o f  D i et a ry P r o t e in and Type o f  D i e t ary C arb ohyd r at e  

M e an 1 Amoun t o f  D i et ary 
P r o t e in , Typ e o f  
D i e t ary C arbohyd r a t e  

T o t a l  S erum 
Cho l es t ero l  

H DL 
Cho l e s t e ro l 

io HDL 
2 Cho l e s t ero l 

2 0io P ro t e in 
Suc r o s e  
Corns t arch 

1 0% P ro t e in 
Sucro s e  
Corns tarch 

8 7 .  8 2  a 

6 7 . 8 1 b 

6 7 . 7 2 
7 2 . 9 0 

6 6 . 7 6 
8 0 . 1 3 

1Al l m eans a r e  r e p o r t ed as 3mg p er 1 00m l o f  s e rum . 
2

F -v a l ue o f  
this  c o l umn was  no t s igni f i cant . Means w i th in a s ub c o l umn w i tho u t  
common s uper� c r i p t  l e t te r s  w e r e  s i gni f i c an t ly d i f f e rent a c c o rd ing t o  
t h e  F i sh e r ' s  p ro t e c t e� l eas t s i gni f i c ant d i f f e r enc e t e s t  a t  p < O . O S .  

In the d i e t s  w i th the h igher amount o f  p r o t e in , m e an t o t a l  

cho l e s t e ro l  was no t s i gni f i c ant ly d i f ferent b e tween t he s uc ro s e  and 

corns tarch d i e t s  • . The m e an HDL cho l e s tero l was s i gn i f i c ant ly h i gher 

( 1 3% h i gher ) i n  the  c o rn s t arch d i e t s  than i n  the  s uc r o s e d i e t s . W i th 

the l ower amount o f  p ro t e in , t o t a l  cho l e s t e ro l was s i gn i f i c ant ly h i gher 

( 2 3% higher ) i n  the s ucro s e  d i e t s  whi l e  there  w as n o  s i gni f i c ant 

d i f f e renc e in HDL c ho l es t e ro l b e tween t h e  t wo t yp e s  o f  c a rbohyd rat e .  

The mean p e r c ent :!DL cho l e s � ero l l eve l s  were  n o t  s i gn i f i c an t ly 

af f e c t ed by amount o f  d i e t ary p ro t e in and t y p e  of d i e t ary c arbohydrat e . · 

The nu l l  hypo the s i s  c anno t b e  rej ec t ed . 



The R e l a t i on s h ip B e tween S erum Cho l e s t ero l L eve l s  and Typ e s  o f  
Di e t ary F a t  and C arbohydrate  and Amount o f  D i e t ary P ro t e in 

5 1  

When the interac t i on b e tween type o f  fat , t yp e  o f  c arbohydrat e ,  

and amount o f  pro t e in was  examined i t  was f ound t o  s igni f i c an t ly 

( p < 0 . 0 5 )  inf l u enc e b o th HDL cho l es t ero l and p e rcent H DL c ho l es t ero l 

( Tab l e  1 3 ) . The nu l l  hyp o t h e s e s  ind i cat ing no r e l a t i onshi p  b e tween 

mean HDL and p erc ent HDL cho l es te ro l l eve l s  and t hes e i n t e r ac t i ons  c an ,  

ther e fo r e , b e  r ej e c t ed . 

T ab l e  1 3  
Mean S erum Cho l e s t ero l L eve l s  Grouped B y  

Types o f  D i e t ary F a t  and C arbohyd r a t e  and Amoun t o f  D i e t ary P ro t e in 

Typ es  o f  D i e t ary Yat  and 
Carbohy d r a t e  and Amoun t o f  
D i e t ary P ro t e in 

50% S at u r a t e� , 5 0% Uns aturated 
Sucro s e , 2 0% P ro t� in 
Sucro s e , 1 0% P r o t e in 
Corns t arch , 2 0% Pro t e in 
Corns t arch , 1 0% P ro t e in 

Saturated  
Sucr o s e ,  2 0% . P ro t e in 
Sucro s e , 1 0% P r o t e in 
Corn s t arch , 2 0io P ro t e in 
Corns t arch , 1 0io P ro t e in 

Uns atura t ed 
Sucr o s e , 2 0io P ro t e in 
Sucro s e , 1 0% P r o t e in 
Corns t arch , 2 0io Pro t e in 
Corns t arch , 1 0io P ro t e in 

To t a l  S erum 2 Cho l e s t ero l 

7 9 . 6 7 
8 7 . 6 2 

. 6 9 .  3 6  
6 5 . 90 

5 9 . 2 4 
9 2 .  0 8  
7 1 . 1 1 
6 6 . 94 

7 4 . 8 1 
8 3 . 7 6 
9 1 . 7 1  
7 0 . 5 9  

M ean 1 

H DL % HDL 
Cho l e s t e ro l Cho l e s t ero l 

35 6 . 3 8 a · a 7 0 . 8 9 b 4 9 . 4 0 a 
5 6 . 46 

4 8 . 8 4 a 7 1 . 2 0 a 

5 0 . 5 4a 
7 6 . 3 8 a 

a a 3 3 . 0 5
b 5 5 . 2 5 b 7 0 . 45 7 6 . 3 8

b 5 3 . 9 8 c 7 5 . 3 5 b 5 2 . 2 3 c 
7 8 . 08 

5 7 . 2 5 a 7 7 . 0 1 ab 

5 6 . 3 6 a 6 7 . 4 3 a 

6 5 . 5 4 a a 7 2 . 1 5
b 6 0 . 1 28 ' 8 5 . 9 2 

1 . . 2 . 
A l l m e ans  are  repo r t ed as 3mg p er 1 00ml o f  s erum . F - va l ue o f  

thi s  co lumn w a s  no t s i gn i f i c ant . Mean s  w i thin a s ub c o l u·mn w i thou t  
common s up er s c r i p t  l e t t ers  were  s igni f i c an t ly d i f f erent a � c o rd ing t o  
the F i sh � r ' s  p r o t e c t ed l eas t s igni f i c ant d i f f erenc e t e s t  a t  · p < 0 . 0 5 . 



5 2  

A s ign i f i c an t  d i f fe renc e i n  HDL c ho l e s tero l l ev � l s  w a s  f ound 

on ly in d i e t s  -w i th s aturated  f at . The d i e t  w i th s a t u r a t ed f a t , 

sucro s e , and l ow p r o t e in h ad a s igni f i c an t l y  h i gher H DL c ho l e s t ero l 

l eve l t han t he s aturated  f a t , c orns tarch d i e t s . The s at u r a t e d  f at , 

sucros e ,  and h i gh e r  amount o f  p ro t e in d i e t  p r oduced a H DL c ho l e s t ero l 

l eve l s ign i f i c ant l y  l ower t han the s a turated f a t , c o rn s tarch d i e t s . 

The t wo s at u r a t ed f a t , s ucros e d i e t s  a l s o  p roduced  s i gn i f i c ant ly 

d i f fe rent HDL c ho l e s t ero l l ev e l s ,  w i th t h e  d i � t  l ower in p r o t e in h aving 

the h igher H DL c ho l es tero l l eve l .  

The an ima l s  o n  t h e  s u cro s e , ! 0  p e rc ent p r o t e in d i e t  w ih 5 0% 

s aturated : 5 0% u n s a t u r a t ed f a t h ad a s i gni f i c ant ly l ower m ean p e rcent 

HDL c ho l e � t e ro l l eve l t han an ima l s  on any o th e r  d i e t  w i th t h e  s ame fat  

source . The s a turated · f a t ( be e f  t a l l ow ) , s uc ro s e , 2 0  p er c ent p r o t e in 

d i e t  produced a s i gn i f i c ant ly l ower m ean p e rc ent HDL c ho l es t e ro l  l ev� l 

than the o ther t hree s a turated fat  d i e t s . The uns a t u r a t e d  f a t ( c o rn 

o i l ) , c o rns ta rch , . 1 0  p ercent p ro t e in d i e t  s howed a s i gni f i c ant ly h i gher 

p erc ent H DL c ho l e s t ero l l ev e l  t han e i ther the c o rns ta rch , h i gh e r  

pro t e in ,  o r  t he s uc ro s e ,  l ower p ro t e in , c o rn o i l  d i e t s . None o f  t h e s e  

· three c o rn o i l  d i e t s  y i e l d e d  a p e rc ent HDL c ho l e s t e ro l l eve l t hat w a s  

s ign i f i c ant l y  d i f f e rent t han t h e  uns aturated f a t , s uc ro s e , 2 0  p e r c ent 

pro t e in d i e t , h oweve r . The nu l l  hypothes i s  c anno t b e  r e j ec t e d  s inc e 

the mean t o t a l  s e rum c ho l es t ero l l eve l s  w e re n o t  s i gn i f i c an t l y  r e l a ted 

to t yp e s  of d i e t ary f a t and c arbohyd rate and amount of d i e t a ry pro t e in . 



S t reng th o f  R e l at i onship B etwe en Cho l e s tero l L eve l s  
and D i et ary Comp onent�  
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Pears on p roduc t - moment corr e l at i ons  were u s e d t o  d e s c r i b e  t he 

s t reng th o f  r e l at i ons h i p s  b etween c ho l e s tero l l eve l s  and d i et ary fat , 

carbohyd r at e , and p ro t e in . The s t reng th o f  r e l a t ions h i p s  b e tween t o t a l  

s erum cho l e s t e ro l ,  HDL cho l e s tero l , and p erc ent H DL c ho l e s tero l  were 

a l so examined . The P earson p roduc t -momen t c o e f f i c i en t s  ( r ) and l eve l s  

o f  s ign i f i c anc e a r e  g iven in Tab l e  1 4 . 

Tab l e  1 4  
Corr e l at i ons  B e tween Cho l e s t ero l L eve l s  and 

D i etary Co�ponen t s  

To t a l  S erum H DL % HDL 

D i e t ary F at . 

D i e t ary Carbohyd rat e 

D i e t ary P r o t e in 

To t a l  S e rum Cho l e s t er o l  

HDL Cho l e s t ero l 

ANo t s i gni f i c ant , p < 0 . 0 5 

Cho l e s tero l Cho l e s tero l Cho l es t ero l 

r = . 1 3 6 6  
Ns ·k 

r · = . 2 5 3 3  
NS 

r = . 1 2 7 8  
NS 

r = . 2 9 2 4  
p < 0 . 0 5 

r = . 0 5 9 0  
N S  

r = . 1 6 9 7  
N S  

r = . 7 2 5 5  
p < 0 . 000 1 

r = . 2 4 7 1  
N S  

r = . 40 7 2 
p < 0 . 0 1 

r = . 1 3 7 6 
NS  

r = - . 1 041 
NS 

r = . 5 98 1 
p < 0 . 0 00 1 

Pertaps a more mean i ng f u l  interpret a t i on o f  t h e  s t reng th o f  

r e l a t ions h i p  among cho l e s t ero l l eve l s  and b e tween cho l es tero l l eve ls  

and
.
d i e t a ry c omponent s  wou l d  b e  var i anc e . Var i anc e i s  e q u ivalent t o  

t h e  s quare o f  the c o rre l at ion c o ef f i c i ent , r .  The s t at i s � i�a l ly 
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s igni f ic an t  r v a lue  f o r  t he r e lat ions h i p  b e tween d i e t ary f at and HDL 

cho l es t ero l l ev e l s  i s  . 2 9 24 whi ch wou ld i nd i cate  a v a r i anc e o f  . 08 5 . 

Thi s  means t ha t  o n l y  8 . 5  p e rc ent o f  the v ar i ance i n  H DL c h o l e s t e ro l 

l eve l s  c an b e  e xp l a ined b y  t h e  type o f  f a t  i n  t h e  d i e t . 

A s igni f i c an t  c orre l at i on c o e f f i c i ent o f  . 4 0 7 2  b e tween d i e t ary 

c arbohyd r a t e  and p er c ent HDL c ho l es t ero l wou l d  b e  e qu a l  t o  a v a r i ance 

o f  . 1 6 5 . The t yp e  o f  d ie t ary c arbohydrate  wou l d  exp l a in 1 6 . 5  p erc ent 

of the vari anc e i n  p er c ent HDL cho l e s t er o l  l eve l .  

To t a l  s erum c ho l es t ero l and HDL c ho l es t ero l w er e  v e ry h i gh ly 

pos i t ive ly c or r e l at ed ( r  = . 7 2 5 5 ) . For an r v a l u e  o f . 7 2 5 5 , t h e  

var i anc e i s  . 5 3 i nd ic a � ing t h � t  5 3  p e rcent o f  t h e  v ar i anc e i n  t o t a l  

s erum cho l e s t ero l l eve l s  i s  r e lated  t o  t h e  l eve l o f  H DL c ho l e s t ero l . 

W i th s uch a h ig h  var i ance , a d i rec t r e l a t ions h i p  c an b e  c onc l ud e d  w i th 

mo r e  c e r t ainty . HDL c ho l es t e ro l l ev e l  appears  t o  h av e  a s t rong 

re l a t i on s h i p  t o  t o t a l  s erum c ho l es t e ro l  l eve l s . 

As m ight • l s o  b e  exp ec t ed , HDL cho l e s t ero l l eve l s  and p e rc ent 

HDL c ho l e s t e ro l l eve l s  were h ighly p o s i t ive ly c o rre l a t e d  ( r  = . 5 9 8 1 ) . 

The v a r i ance i n  t h i s c as e  wou l d  b e  . 3 6 ,  i nd i c at ing t h e  HDL c ho l es t e ro l 

· l eve l wou l d  exp l a in 3 6  p erc ent o f  t he v a r i anc e in p e rc ent H DL 

cho l e s t ero l l eve l s . Thi s  wou ld a l s o  ind i c at �  a s t rong r e l a t i ons h i p  

b e tween HDL c ho l es t e r o l  l eve l s  and p ercent HDL cho l e s t e ro l l eve l s . 



CHAPTER V 

SUMMARY AND RECOMMENDATIONS 

The p urpo s e  o f  the s tudy was to a s s e s s  the e f f ec t s  o f  the d i e t  

sugg e s t ed i n  t h e  Un i t ed S t a t e s  D i e t ary G o a l s  o n  t he l eve l s  o f  b l ood 

cho l es t ero l . Twe lv e  d i f f eren t  d i e t s  were t es t ed , w i th f iv e  m a l e  r a t s  

p l ac ed on e ach d i e t  f o r  a p eriod  o f  f our w e eks . S erum t o t a l  

cho l es te ro l , HDL c ho l es t ero i , and p ercent HDL cho l e s t e ro l l eve l s  were 

examined . 

Summary 

The r es u l t s  o f  t h i s  s tudy i �d i cate that t he t hr e e  c ho l es t e ro l 

l ev e l s  me as ured w e r e  a f f ec t ed by various c omponen t s  o f  t h e  d i e t s . 

A l though t he o vera l l  p i c ture o f  the e ff ec t s  o f  t h e  d i e t s  t e s t e d  i s  very 

comp l ex ,  c er t a in r e l at i onships  are apparent . 

To t a l  s e rum c ho l e s tero l l eve l s  were s i gni f i c an t ly a f f ec t ed by 

the  t yp e  of  c arbohydrate  i n  the d i e t . Sucro s e  d i e t s  p ro d u c e d  t o t a l  

cho l e s t ero l l eve l s  s i gn i f i cant ly h i gher t han c o rn s t arch d i e t s . As t h e  

d i e t ary c omponent s  w e r e  narrowed d own f urther , i t  b ec ame c l e ar t h a t  

when t h e  t yp e  o f  f a t w a s  h a l f  s aturated and h a l f  uns a tu r a t e d , t h e  

e f f e c t s  o f  s uc ro s e  i n  t h e  d i e t  w e r e  even more p r onounc ed . When d i e t ary 

s uc r o s e  w a s  f ed at i t s h i ghe s t  l eve l , which was w hen t he d i e t  c on t a ined 

10  p e rc en t  p ro t e in , t he m e an t o t a l . c ho l es tero l l eve l was s i gn i f i c an t ly 

h igher than d i e t s  w i th an e qu iva l ent l eve l of c o rn s t arch � s t h e  t yp e  o f  

carbohyd r at e . Upon · e xamining the e f f e c t s  o f  t yp e  o f  f a t  and amount o f  

pro t e in i n  t h e  d i e t s , o n ly when the  f at s o u�ce w a s  s a t u r a t e d  d i d t h e  
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amount o f  p ro t e in h ave a s igni f i cant e ff e c t  o n  t o ta l  c ho l e s t e ro l . The 

lower p ro t e in l eve l p roduced a h i gher t o t a l  c ho l e s t e ro l l eve l . 

HDL c ho l e s t ero l l eve l s  were  s igni f i c ant ly and s t rong l y  ( p < 0 . 0 5 )  

as s o c i a t ed w i th t y p e  o f  d i e tary f at . Uns atur a t ed f at ( co rn o i l )  d i e t s  

produced s i gni f i c ant ly h i gher mean HDL cho l es t e ro l  l ev e l s  t han t h e  

d i e t s  w i th e i th e r  s at ura t ed f at ( be e f  t a l low ) o r  a c ombina t ion o f  

s aturated f at and uns aturated f at . When examining t h e  e f f e c t s  o f  the  

int erac t ion of  t yp e  o f  fat  and  amount of  p ro t e in i n  the  d i e t , t h e  

s aturated f a t , 1 0  p er c ent p r o te in d i e t s  p roduced m e an H DL c ho l e s t e ro l  

l eve l s  s i gn i f i c ant l y  h i gher than the  s aturated f a t , 2 0  p er c en t  p ro t ein 

d i e t s . The m e an ·H DL c ho l es t ero l l eve l s  o f  the  uns a t u r a t e d  f a t d i e t s  

were no t s i gni f i c ant l y  a f fec ted b y  t h e  amount o f  p ro t e in i n  t he d i et . 

The 1 0  p e r c en t  p ro t e in d i e t s  w i th s ucros e a s  t h e  type  o f  c a rbohyd rate  

produced  m e an H DL c ho l es t ero l l eve l s  s i gn i f i c ant ly h i gh e r  t han 1 0  

p erc ent p ro t e in d i e t s  w i th c o rns t arch . The h ighe s t  m e an H DL 

cho l e s t ero l l eve l w as o b s erved in t he d i e t  that  c on t a ined s at u r a t ed 

fat , s uc ro s e , and 1 0  p e rc ent p ro t e in , wh i l e t he l owes t w a s  i n  t he d i e t  

tha t conta ined s a turated f a t , s ucro s e , and 2 0  p e rc ent p ro t e i n . In the  

latter  two  d i e t s , t h e  d i e t  w i th the h i gher  l eve l of  s uc ro s e , w h i c h  was  

the  d i et  w i th t he l ower amount o f  p ro t e in , p r oduced a m e an H DL 

cho l es t e ro l l eve l t ha t  was  over twice  a s  h i gh a s  the  m e an H DL 

cho l es te ro l l eve l o f  t h e  d i e t  w i th the l ower l eve l o f  s uc ro s e . 

P e r c ent HDL c ho l e s t ero l l eve l s  were  a f f e c t ed by t h e  t yp e  o f  f at 

in . the d i e t , w i th c o rn o i l  d i e t s  p roduc ing � e an p e rcent H DL c ho l e s t ero l 

l eve l s  s i gn i f i c aQ� ly h i gher t han the h a l f  c o rn o i l : ha l f  b e e f  t a l l ow 

· d i e t s . Typ e  o f  c arbohyd rate  w as· s i gni f i c ant ly and s t rong l y  ( p < O . O l )  
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corr e l a t ed t o  m e an p e rc ent HDL cho l es t ero l l eve l s , w i th c o rn s t arch 

p roduc ing t he _ h i gher l eve l s . In the  s aturated f a t d i e t s , t h e  1 0  

percent p ro t e in d i e t s  p roduced mean p ercent HDL c ho l e s t e ro l l ev e l s  

s ign i f i c ant ly h i gher t han t h e  2 0  p e rc ent p r o t e i n  d i e t s . The 

uns a turated  f a t , c o rns t arch , 1 0  p ercent p ro t e in d i e t  p ro d u c e d  t he 

h ighe s t m e an p er c en t  HDL c ho l e s tero l l eve l . The s a t u r a t e d  f a t , 

s u c ro s e , 2 0  p er c ent p ro t e in d i e t  p roduced t he l owe s t  l eve l ; t he mean 

perc ent H DL c ho l e s t ero l l eve l o f  t h e  h a l f  s a turated : ha l f  u n s aturated 

fat , s uc ro s e , 10  p e rc ent p r o t ein d i e t  was a l s o  l ow .  

Imp l icat ions 

Lower t o t a l  s erum c ho les tero l l eve l s  and h i gh e r  HDL and p erc ent 

HDL c ho l e s t �ro l l ev e l s  are c ons id ered t o  be b ene f i c i a l  i n  l ower ing the 

r i s k  o f  C HD . Exam i nat ion o f  the  r e s u l t s  o f  t h i s s tudy w o u l d  r evea l 

that the d i e t  c on t a i n ing uns aturated f at ( corn o i l ) , c o rns t arch 

( c omp l ex c arbohyd r a t e ) , and 10 p e r c ent p ro t e in p roduced the m o s t  

favorab l e  c ho l e s t e ro l l eve l s . Th i s  wou l d  s upport  t h e  r ec ommenda t i ons 

o f  the Un i t e d  S t a t e s  S ena t e  S e l ect  Commi t t e e  on N u t r i t i on and H uman 

Need s . Inc r eas es  i n  uns a turated f a t  and c omp l ex c arbohyd r a t e  and a 

pro t e in l eve l o f  1 2  p e rc ent a re r ecommend ed b y  t h e  U n i t ed S t a t e s  S ena t e  

S e l e c t  Comm i t t ee  in t h e i r  Uni ted S t a tes  D i e t ary G o a l s . 

The r e s u l t s  o f  t h i s  s tudy i nd i cate  that t he U n i ted S t a t e s  

D i e t ary G o a l s  may b e  a p p r o p r i a t e  f o r  a t t aining m o r e  f avorab l e  

cho l es t ero l l eve l s . The d i e t ary c omponents - and i n terac t i ons t ha t  w e re 

tes t ed p roduced s ev e r a l  s t at i s t i c a l ly s i gn i f i c ant r e l at i ons h i p s . The 

prac t i c a l  s i gn i f i c ance needs  to be examined a l i t t l e m o r e  c l o s e ly . In 
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thi s  s tudy t h e  more f avorab l e  cho l e s t e ro l l eve l s  w e r e  1 0  t o  1 5  p er c ent 

lower in t o ta l  c ho l es t e ro l and 1 0  t o  2 0  p erc ent h i gher in H DL 

cho l e s t e ro l t han t he l ea s t f avo rab l e  cho l e s t e ro l l eve l s . Acc ord i ng t o  

the L i pid  R es ea rch C l in i c s  c a lc u l a t i ons ( 2 ) , a d rop o f  o n l y  a b o u t  e igh t 

p ercent i n  t o t a l  c ho l es t ero l and 1 0  p ercent i n  LDL c ho l e s t e r o l and a 

r i s e  o f  about  1 3  p e rc ent i n  p ercent HDL c ho l e s t ero l w er e  a s s oc i at ed 

w i th a 1 6  t o  1 9  p e rc ent r educ t i on i n  CHD r i s k . Bas ed o n  t h e s e  

c a l c u lat i ons , i t  wou l d  s eem that  d i f ference s  o b s e rved i n  t h i s s tudy are 

great  enough to  warran t  the  d i e tary mod i f ic a t i ons s ug ge s t e d  i n  the 

Uni t e d  S ta t e s  D i e t ary G o a l s . 

Cau t i on s ho u l d  b e  t aken t o  avo id  g ener a l i z ing t h e  r e s u l t s  o f  

thi s s t udy o n  r a t s  t o  h umans . Al though r a t s  are  a c onveni ent m o d e l  t o  

u s e  in p r e l iminary s t ud i es , o n e  c anno t a s s ume t hat h uman s u b j ec t s  w o u l d  

be affec t ed i n  the  s ame w ay . Nei ther c an o ne a s s ume that  t h e  

r e l a t ionshi p s  s een in t h i s  s tudy are nec e s s ar i ly c au s e - and - ef f e c t  

r e l a t i on s h i p s  b ec au s e  i t  i s  p os s ib l e t h a t  s ome o ther unknown f ac t o r  

cou l d  b e  invo lved . 

Rec ommendat ions 

A vas t amount o f  r e s e arch is b e ing c ond u c t ed c on t i nu a l ly . o n  t he 

effec t s  o f  d i e t ary m od i f i ca t ion on s erum cho l e s t e ro l l eve l s . A l though 

we have l e arned a t remendous  amount over the l as t  t h i rty y e ar s , t he r e  

a r e  many more q ue s t ions t o  b e  answered . 

Much o f  t h e  r e s earch has b e en c onduc t ed o n  anima l  m o de l s , w i th 

rats b e ing one o f  · the m o s t  w i d e ly u s ed . Obs erva t i ons f r om r at s t ud i e s  

have o f t en p r eceded  c omparab l e  f ind ing &  i n  p e op l e . B u t  b ec au s e o f  t he 



d i ff erenc e s  b e tw e en t h e  t wo s pec i e s , there i s  a n eed f o r  m o r e  h uman 

s tud i es . Further r e s e arch needs t o  b e  d i re c t e d  t oward t h e  u s e o f  

· humans i n  more c ontro l l ed l ong i tud inal s t ud i e s . 
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Thi s  s tudy i nd i c at ed that t he e ff e c t s  o f  v ar i ou s  d i e t ary 

componen t s  i n  c omb ina t i on w e re d i f f erent f rom t he e f f e c t s  o f  t h e  

d i e t ary c omponent when v i ewed s eparat e ly . Many o f  t h e  s t ud i e s  t hat 

have been c ondu c t ed · h ave examined o n ly one of t h e s e  c omponent s .  I t  

wou l d  b e  more b enef i c i a l t o  know h o w  who l e  f o o d s  o r  c omp l e t e  d i e t s . 

aff e c t  s e rum cho l es t ero l l eve l s  t han t o  t ry t o  g enera l i z e  f rom p ar t i a l  

know l ed g e  o f  t h e i r  b i ochem i c a l  c ompo s i t i on . 

H i gh s erum t o t a l  and LDL cho l e s tero l l eve l s  and l ow H DL 

cho l e s t ero l l eve l s  a re a s s o c i at ed w i th inc reas ed r i sk f o r  c o ronary 

heart d i s eas e . B e c au s e  o f  the  magn i tud e o f  t h i s d i s e as e , a t op 

p r i o r i ty o f  nut r i t ional  r e s e arch s hou l d  b e  exam inat ion o f  w ay s  t o  

effec t ive ly a l t e r  s e rum cho l e s tero l l eve l s  t o  d ecr eas e t h i s  r i s k . 
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Nu t r i t ion 1 6  ( 1 9 6 5 ) , 4 2 8 . 
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APPENDIX A 

RAW DATA 



Tab l e  1 5  
R aw D a t a  

Anima l B e g i nn i ng F i n a l  F o o d  T o t a l  S e r um H DL 7o H DL 
D i e t  N u mb e r  W e i gh t  W e i gh t  C o n s ump t i on Cho l e s t e r o l C ho l e s t e r o l C h o l e s t � r o l 

1 1 1 00 . 5  3 04 . 0  4 2 1 . 7  8 7 . 4 1 6 5 . 4 6 7 4 . 89 
1 2 1 08 . 5  342 . 0  4 7 2 . 8  9 5 . 6 9 6 5 . 4 6 6 8 . 4 1 
1 3 1 07 . 5  2 31 . 5 3 6 5 . 8  6 8 . 2 9 5 3 . 6 1 7 8 . 5 0 
1 4 1 07 . 5  2 03 . 0  3 24 . 0  7 2 . 3 1 ' 5 1 . 3 4 7 1 . 0 0 
1 5 1 07 . 5  2 55 . 0  3 6 5 . 7  7 4 . 6 5 4 6 . 0 3 6 1 . 6 6 

2 1 9 8 . 0  1 7 5 . 0  3 3 7 . 5  8 3 . 2 8 5 6 . 40 6 7 . 7 2 
2 2 1 07 . 5  2 07 . o  4 9 8 . 5  8 3 . 6 2 4 7 . 8 3 5 7 . 2 0 
2 3 9 6 . 0  1 5 9 . 0  3 1 7 . 5  9 3 . 6 3 5 5 . 3 5 5 9 . 1 2 
2 4 1 03 . 0  2 40 . 0 4 8 6 . 5  9 3 . 9 8 4 7 . 8 3 5 0 . 8 9 
2 5 1 06 . 5  2 1 2 . 5 445 . 5  8 3 . 9 7 3 9 . 5 8 4 7 . 1 4 

3 1 7 6 . 0  2 28 . 5  3 3 9 . 1  5 5 . 44 5 0 . 9 0 9 1 . 8 1 
3 2 1 07 . 5  3 14 . 0 L• 64 . 4 7 0 .  9 5  4 2  .. 5 3  5 9 . 94 
3 3 9 5 .  0 3 40 . 0  5 1 6 . 6  7 5 . 00 5 7 . 1 5 7 6 . 2 0 
3 4 1 24 . 0  407 . 5  6 6 2 . 5  8 3 . 9 7 3 9 . 5 8 4 7 . 1 4 
3 5 1 04 . 5  3 2 1 . 0  4 54 . 6  6 1 . 4 6 3 7 . 9 5 6 1 . 7 5 

4 1 8 1 . 0  1 9 5 . 0  4 5 1 . 5  6 9 . 1 7 5 0 . 6 3 7 3 . 2 0 
4 2 6 5 . 5  1 6 2 . 5  ; 3 3 7 . 5  6 4 . 8 3  5 9 . 6 9 9 2 . 0 7 
4 3 6 5 . 0  2 1 2 . 0 4 3 0 . 0  7 2 . 9 2 5 4 . 94 7 5 . 3 4 
4 4 7 9 . 0  1 7 8 . 0  3 3 5 . 0  5 5 . 0 8 3 5 . 1 7 6 3 . 8 5 
4 5 6 8 . 5  1 36 . 5  2 6 2 . 5  6 7 . 5 1 5 2 . 2 8 7 7 . 44 

0' 
\0 



T ab l e  1 5  ( C o n t i nu e d ) 
Raw D a t a  

An i ma l B e g inn i ng F i na l F o o d  T o t a l  S e rum H DL '7o HDL 
D i e t  Numb e r  W e i gh t  W e i gh t  C o n s ump t i on C h o l e s t e r o l Cho l e s t e r o l C h o l e s t e r o l 

5 1 1 21 . 0 2 99 . 0  4 08 . 0  5 0 . 9 1 2 8 . 0 7 5 5 . 1 4 
� 2 1 51 . 0  3 39 . 5  4 8 5 . 5  5 2 . 5 2 2 4 . 7 8 4 7 . 1 8 
5 3 1 25 . 0  3 24 . 5  449 . 0  5 7 . 3 4 3 2 . 7 0 5 7 . 0 3 
5 4 1 41 . 0  3 3 2 . 5  4 7 9 . 0  . 7 1 . 2 5 4 7 . 3 3 6 6 . 43 
5 5 1 19 . 0  2 7 6 . 5  3 66 . 0  6 4 . 1 8 

( 
3 2 . 3 8 5 0 . 4 5 

6 1 7 9 . 0  1 45 . 0  2 80 . 0  9 6 . 5 5 7 7 . 0 7 7 9 . 8 2 
6 2 8 0 . 5 1 3 1 . 6  3 0 3 . 5  9 3 .  5 7  6 8 . 7 8 7 3 . 2 2 
6 3 8 0 . 5  1 3 1 . 0  3 0 3 . 5  9 3 . 9 3 6 8 . 7 8 7 3 . 2 2 
6 4 7 9 . 5  1 50 . 3  3 50 . 0  I 9 1 . 3 1 6 8 . 6 0 7 5 . 1 3 
6 5 6 9 . 0  1 46 . 5  3 00 . 5  8 5 . 04 6 0 . 3 0 7 0 . 9 1 

7 1 9 0 . 0  2 7 7 . 0  4 1 5 . 0  5 7 . 0 0 4 0 . 3 2 7 0 . 74 
7 2 1 1 5 . 5  342 . 0  4 9 0 . 5  5 7 . 6 4 4 2 . 7 0 7 4 . 0 8 
7 . 3 9 9 . 5 3 32 . 5  5 4 7 . 0  8 0 . 1 5  6 5 . 64 8 1 . 9 0 
7 4 1 34 . 0  431 . 0  5 9 7 . 0  8 2 . 3 7 7 4 . 1 7 9 0 . 04 
7 5 1 2 3 . 0  340 . 0  4 8 7 . 5  7 8 . 4 1 4 7 . 0 5 6 0 . 0 1 

8 1 1 1 2 . 5 2 1 5 . 0  4 0 9 . 0  6 6 . 6 9 5 4 . 64 8 1 . 9 3 
8 2 1 01 . 0  2 5 1 . 0  4 6 2 . 4 6 2 . 8 2 4 5 . 3 2 7 2 . 1 4 
8 3 9 4 . 0  2 1 9 . 0  4 3 5 . 5 7 8 . 8 7 6 0 . 9 8 7 7 . 3 2 
8 4 9 9 . 0  2 01 . 0  3 86 . 9  5 4 . 7 9 4 4 . 3 2  8 0 . 8 9 
8 5 1 1 6 . 0  2 83 . 0  5 1 3 . 8  7 1 . 5 1 5 5 . 8 7 7 8 . 1 3 

-.....J 
0 
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Tab l e  1 6  
Mean S e rum Cho l e s t e ro l  L eve l s  

b y  D i e t  

Mean ± S EM1 

To t a l  S e rum HDL % HDL 
D i e t  Cho l e s t e r o l  Cho l es t ero l C ho l e s t e r o l 

D i e t  1 7 9 . 6 7 ± 5 . 1 3 5 6 . 3 8 ± 3 . 9 0 7 0 . 8 9 ± 2 . 88 

D i e t  2 8 7 . 6 2 ± 2 . 5 3 4 9 . 4 0 ± 3 . 0 5 5 6 . 4 6 ± 3 . 5 6 

D i e t  3 6 9 . 3 6 ± 5 . 0 2 4 8 . 8 4 ± 3 . 7 3 7 1 . 2 0 ± 5 . 8 7 

D i e t  4 6 5 . 9 0 ± 3 . 0 1 5 0 . 5 4  ± 4 . 1 4 7 6 . 3 8 ± 4 . 5 6 

D i e t  5 5 9 . 2 4 ± 3 . 7 9 3 3 . 0 5 ± 3 . 8 6 5 5 . 2 5 ± 3 . 2 9 

D i e t  6 9 2 . 08 ± 1 . 9 5 7 0 . 4 5 ± 3 . 1 8 7 6 . 3 8 ± 2 . 1 8 

D i e t  7 7 1 . 1 1 ± 5 . 6 7  5 3 . 9 8 ± 6 . 7 3 7 5 . 3 5 ± 5 . 09 

D i e t  8 6 6 . 94 ± 4 . 0 5 5 2 . 2 3 ± 3 . 2 1 7 8 . 0 8 ± 1 . 7 1 

D i e t  9 7 4 . 8 1 ± 4 . 2 8 5 7 . 2 5 ± 3 . 2 7  7 7 . 0 1 ± 4 . 34. 

D i e t  1 0  8 3 . 7 6 ± 7 . 1 4 5 6 . 3 6 ± 4 . 7 3 6 7 . 4 3 ± 1 . 8 3 

D i e t  1 1  9 1 . 7 1 ± 4 . 1 2 6 5 . 5 4 ± 1 . 04 7 2 . 1 5 ± 3 . 9 8 

D i e t  1 2  7 0 . 5 9 ± 4 . 7 0 6 0 . 1 2  ± 2 . 7 6 8 5 . 9 2 ± 4 . 2 7 

1 Al l mean s  are r ep o r t ed as mg p e r  1 0 0 m l  o f  s e rum ± s t and ard e rror 
of the mean . 
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APPENDIX B 

MEAN CHOLESTEROL LEVELS OVER T IME 
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APPENDIX C 

ANALYS I S  OF VARIANCE TABLES 



Tab l e  1 7  
Ana ly s i s  o f  Var i ance S ummary f o r  Indep endent · 

Variab l e s  and To t a l  S erum Cho l e s t e r o l 

Indep endent Degrees of 
Var i ab l e  Freedom 

Typ e  o f  D i e t ary F at 2 

Type of D i e t ary Carbohydrate  1 

Amoun t o f  D i e t ary P ro t e in 1 

Type s  o f  D i e t ary F a t  
and Carbohyd r a t e  2 

Typ e  o f  D i e t ary F a t  
and Amount o f  D i e t ary 
Pro t e in 2 

Amoun t o f  D i e t ary P ro t e in 
and Typ e  o f  D i e t ary 

. Carbohydrat e 1 

Typ es  o f  D i e t ary Fat 
and Carbohydrat e and 

' Amount o f  D i et ary P r o t e in 2 

Re s i du a l  ( Erro r ) 4 8  

1 N . . f . o t  s 1. gn 1.  J. c ant , p < 0 . 0 5 

M e an 
S q uare F 

3 1 2 . 85 3 . 1 0 

7 2 0 . 1 7 7 . 1 5 

1 8 3 . 44 1 . 8 2  

3 9 9 . 7 7 3 . 9 7  

5 2 6 . 94 5 . 2 3 

2 5 6 7 . 4 7 2 5 . 4 8 

2 1 9 . 0 8 2 . 1 7  

1 00 . 7 7 

7 6  

p 

N S1 

0 . 0 1 0 2  

N S  

0 . 0 2 5 4 

0 . 0 0 8 8  

0 . 0 0 0 1  

N S  



Tab l e  1 8  
Ana ly s i s  o f  Vari �nce S ummary f or Ind e p end ent 

Vari ab l e s  and HDL Cho l e s t ero l 

Ind e p end ent Degrees of  Mean 
Var i ab l e  F r e ed om S quare 

Typ e  o f  D i e t ary F a t  2 4 2 8 . 9 6 

Typ e o f  D i e t ary C a rbohydrat e  1 2 9 . 0 8 

Amoun t o f  D i e t ary P r o t e in 1 2 40 . 9 2 

Type s  o f  D i e t ary F a t  
and Carbohyd rat e 2 1 06 . 2 9 

Typ e  o f  D i e t ary F a t  
and Amoun t o f  D i et ary 
P ro t e in 2 7 1 5 . 9 7 

Amo un t o f  D i e t ary P ro t e in 
and Typ e  o f  D i e t ary 
Carbohydrate  1 5 10 . 1 3 

Typ es  o f  D i et ary F a t  
and Carbohyd r a t e  and 

F 

5 . 7 9 

0 . 3 9  

3 . 2 5 

1 . 4 3  

9 . 6 6 

6 . 8 8 

Amount o f  D i e t ary P r o t e in 2 7 6 2 . 5 6 1 0 . 2 9 

Res i d u a l  ( Erro r ) 4 8  7 4 . 1 4 

1 . . f . N o t  s 1 gn 1 1 c ant , p < 0 . 0 5 

7 7  

p 

0 . 0 0 5 6  

1 
N S  

N S  

N S  

0 . 0 0 0 3  

0 . 0 1 1 6 

0 . 0 0 0 2 . 



Ind e p end ent 
Var i ab l e  

Tab l e  1 9  
Ana ly s i s  o f  Var i ance S ummary f o r  I nd ep endent 

Var i ab l e s  and Percent HDL Cho l es tero l 

Degrees o f  Mean 
Freedom S quare 

Typ e  o f  D i e t ary F a t  2 2 4 3 . 2 4 

F 

3 . 3 0 

Typ e  o f  D i e t ary C a rbohydrate 1 1 2 9 1 . 0 3 1 7 . 5 3 

Amoun t o f  D i e t ary P ro t e in 

Typ e s  o f  D i e t ary F a t  
and Carbohydrate  

Typ e  o f  D i e t ary F a t  
and Amo unt o f  D i e t ary 

. Pro t e i n  

Amount o f  D i e t ary P ro t e in 
and Typ e  o f  D i et ary 
Carbohydrate 

Typ e s  o f  D i e t ary F a t  
and C arbohyd r a t e  and 
Amount " o f  D i et ary P ro t e in 

Re s i dual  ( Erro r ) 

1N . . t •  o t  s � gn� 1 c an t , p < 0 . 0 5 

1 1 47 . 44 2 . 0 0 

2 2 3 . 5 5 0 . 3 2 

2 3 46 . 6 2 4 . 7 1 

1 2 5 1 . 2 2 3 . 4 1 

2 6 6 7 . 1 1 9 . 0 6 

4 8  7 3 . 6 4 

7 8  

p 

0 . 04 5 3  

0 . 0 0 0 1  

1 
N S  

N S  

0 . 0 1 3 6 

N S  

0 . 0 0 0 5  
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