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l.NTBODUCTlOB 

~he out~oo~ tor better hea1th and ionyer ~it~ tor tbe 

Aaer~can population re~ts in large aeasure upou e~~•inAt~on 

of vascular a.i.sease as a cause of death ana disabiiity. 

Attent..Lon has oeen focused on various iipid tacto~~ in the 

blood. of patients with atheroscierosis of the coronary 

arteries. Abnoradliy nigh concentrations o~ serua cho~e~t-

erol haYe be~u sAovn to be present ill pat~nts vita dibeas~ 

of the coronctry axteries. Siai~ar1J, other studie~ bQYe 

established an association between elevation ot serua tri-

glyceride concentx~tions and coronc&rJ d.Xtery d~ea~~. 

&dY~nces in laboratory tecilniques, par~icuiarly uitracentri-

fugation have perai.tted direct quant.ification of lipo~ro-

teil4S which have also Deen tied to the deveiopaent of ather-

osclerosis. ftoreover, nuaerous investigations have 

atteapted to deaon.str~te dietary factors vhicA dec~ease tne 

serua concentrati~ns of choie~teroi, trig~ycerides 4nd vhicn 

ult:uaatelJ cou..Ld influence tne aeve1opaea~ of cardiova.::»Cuiar 

disease. Bost of the reoearch eapbasis to date h~ been on 

dietary fat and cholesteroi. Soae consider~tion has »~en 

given to at.her dietary constitueDts such a.s sugar and fibre, 

but relative~J little attent~on b~ Deen given to aiet4rJ 

protein. This is soae~A4t so.rprisiag sl.llce, troa ~he time 
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of th~ first successful deaonst.ration of experiBien~ai atner-

osclerosi~ by dietary aeans, there have been i.D.dicatiohs 

tilat tne process aight be iDfluenced by tbe ~Jpe ox protein 

in the diet. ftoreover, epideaiological. data derived troa 

huaan popu.lat.iono ~how a po~itive correlation betv~en cl.nJ.aai 

protein in the diet and ac,rtal.i.ty fro• coronary heart 

disease. Vegetarians are known to have lover pla..saa lip~d 

levels than ot.her segaenbi ot the Aaerican popul.ati.on ana 

aore recent dietary t.rial.s ~rovide eviGence that. p~aSlla cho-

lesterol can be rt!duced in huaans by su.b&ti~uting ~lant pro-

tein. for ani.aa1 p:cot.~in in t.aie diet. 

Less clear, aovever, is the association between aiet.ary 

protein source. Fev researchers have reached definitiv~ 

ansvers concerni.n~ tne eff:ect of protein source on serua 

leYel.s of triglycerides B.lld VLDL. 

The present study was designed to investigate the 

effect of different. sources of dietarJ protein oa ~lasaa 

triglyceride and YLDL leYels in 1oung aoult. aaie soDject.s. 

Bales vere caosen as the study ~opulation because ot the 

higaer incidence of coronary heart uiseas~ .ui 't.his se~. 

Under control.lea aetaboiic condit~on~, subj~cts were t~d one 

of three dietcry U:eo. t.aent.s in vil.ica the priaary source of 

protein Cilae froa either egg white, soy or nonfat d&irJ pro-

ducts. Dietary treataent. vas in ~tfect. oyer a four week 
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period uuriny vhich tiae biood lipids we~e aeteraineo. 

Blooa 1.i.picl. concentra'\.i.ons w~re also detera.l.ned at. a two 

week tollov-up. 



HEVI..EW OP LITBl:tATUhE 

i. Pla~aa Lipids, Livoproteips, ~ CoroniUy Hear~ 

Disease 

1. Coronary Bedrt Disease - General Inforaat~on 

Atherosclerosis is bJ tar the leGdi.Dg cause 01 aea~a in 

deve~oped countries (SChettier, 1971). Tae tasK fQrce on 

athero.sclerosis reports t.hat the United Sta~es ranks SiK;ona 

highest in tae vorlu in mortaiit1 attributed. to coronary 

heart disease (Task Fo~ce on Atherosclerosi.s of~~ Mationa.l. 

Heart and Lung xn~titute, 1971). Plll:theraore, coronary 

heart disease is the nuabar one cause of disabi.lit1 in the 

labor force (Social Security laa.inistrAtion, 1971), cU1G 

si¥.ty percent ot the COb"t. ot hospital. and outpatient treat-

aent are in soae ~ay attr.l.buteo to athe~oseierosis (ScAett-

ler, 1977) • 

.In etfect, the annual. costs ot the epineaic Vb~tner 

they are derived fro• direct costo for aea.icai caxa or indi-

rect cost~ for losses to proauctiok, are ttStillatea to IJe ~n 

the bi.J.lions (President•s Coaaission on Bea~t DiseQs~, 

1965) • 

.In an effort to approxiaate the co~-t ot corondry near~ 

disease. Dr. S~aa1er, chairaan of the Departaent ot Commu-

nity Bea.I.th and PreYentiYe ftedicine at Borthve~terA 8eoicai 



School suaaariz~d the ~cope oft.he epideaic by stdti.Dg: 

••• •u1e t.ol.l in b.uaan a.i.se1:y is be:ton<1 ca.i.cu.lation. •. (i:•a.9e 

9). 

B. The Pat.hogene~i.s ot Corona..ry Hear~ DJ..Se~e. 

Even though ~rterial. disease is t..o.e cb.ie.f cau~e 01 

death in the United St.at.es and Western A~rope, its cause a.JJ<l 

pat.bogenesis reaain unresolwed (Rissler, 1973). 

A aajor problea is that. t.he disease ~rogresse~ in~idi-

ous~J for aany years before syaptoas deve~op aa~iny it dif-

ficult. t.o fo~lov edrly developaent. of the d1sea.Se in indivi-

dual patients a11.d t.o rel.at.e ca.usability t.o the t.JpE::;s ot 

l.esions found. Cons~quenUy, aucti rese;u;ch .LD t.be area. h~ 

concentrate<1 on risk iactors taat a.re present. in t.ne 

affected popul.at.ion. (Staaler et al.., 1972). St.1..ll., oth~r 

research has focused on the aor~ho~ogic a~a cn~icdi cbar4c-

terist.ics of the disease obs~rved at. auto~sy .Lil tne huaan 

(Bottcher et al.., 19b0) or in the invustigat.ion of illi.UlaJ.. 

aodeis of the disease (Krit.cbevsky, 19b9). 

Only recently h~s att.ebt1on been d:a.rect..ea to ~he 

pathology of the arteria.l vaJ..l and t.Jie &eJ ro~e ~t plays in 

the accuau.J.a~ion of saooth ausc~e ceils vithiD the in~a 

(Boss et al., 1975). Boraa.l auscula.r and elastic orteries 

consist of tnree aorphoJ..ogicAllJ dist.incl J..ayers: intiaa, 

aedia and the adventia (Benditt, 1977). The l.Jltiaa is the 
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ceil layer princ~pal..l.y iDvoiYed in a~hero~clerosib, aitnough 

secondari changes are occasionally tound in the •~~ia (koss, 

1975) • 

Three difterE:Dt types ot lesions hAYe been ciasaic~~lJ 

recognized. F~tty streaks are caaracteri~ed uy a toc.ai 

acc1111ulation of relatiYely saa.ll. nuabers of intiail..L saooth 

auscle cel1s. (llcGiLl, 1965). These tatty streak~ caW»e no 

obstruct.ion and ~o c~inieit1 syaptoas. Dl addition, they are 

found in t.he aorta of eYery caild. lloreovei:, the nuauer ot 

tatty streaks ill.creases vith age (Boss, 1975). 

The tibrous plaque is the aost cnara~~erist.ic lesLon ot 

adyancing atneroscl.erosis (Scanu et aJ.., 1979) • it .LS vh.1:t.-

ish in appearance and is eleYAted so that it protrudes into 

toe l.uaen of the art.~ry. t'Jle plaque consists principally o1 

an AC:cuaulation of intiaai lipid l.aden ~ooth ausc.1.e cell&; 

toe 1ipids being p~iaarily cholesteroi, cnoiesteroi esters, 

and trigiyceri.des. The eel.ls are al.so surrounded bJ lipid, 

col.legen, ela&-t.ic ti.hers and aucopolJSGCCrides. Tog~ther, 

t.hese ce~ls and the e1tr&ceiiular coa~onen~s tor• 4 fibrous 

cap. The fibrous plaque sti~fens the wall and r~auces the 

caliber of the arteria~ iuaen. 

Toe thira lesion a~pear~ to be A t.Lbrous plaque that 

ha& becoae &l.tered as a resul~ of heaorrhage, calcification, 

cei~ neurosis and throabe>ois (Scanu tit a.l., 1979). 
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The aajor curreut ~heories of the qenes1s ot athero~-

clero~~ ~nare tb~ b~l~et u.at 'Ule iesions b~9.:ui as ~oca~-

ized excessiye accuau.lations of saooth auscie Cti1~s J..D ~he 

int.:..ad (Benditt, 1977; Boss et al., 1975; Scanu et a~., 

1979). The current debate, t.hen, is what init.1.a.~~s u-ae 

proliferation of saootb au.scle ce.l..ls. Lov ~ensity .l.ipopro-

teins and insul:1.n haYe deaon.,ra.ted a supportiv~ ~-o.J.e J..h the 

proliteratioh proces~; however, further r~searcA ~s neeaea 

in deterai.ning th~ exact cause of ceJ.l pro1iferation 

(Yasugi, 19T/). 

1n suaaary, cl.inica~ aanifest.at.io»s ot corou~rJ aeart 

aisease i.nclude ayocardial infarction and aug.1.lla p~ctoris. 

Hovev~r, tile pathogenesis coaaon to a.ll is otherosc~erosis 

of tne coronary arteries (Hurt., 1975). Sc:&.enti.sts .beii~ve 

that athero~c~ero~is origl..llates .ui the .uit...1.aa DJ ~roiitera-

tion of the saootA auscle cells. Tae tbic~eni.l&g of the 

arterial lfill..l narrows the arteria.l passageway ana in 

advanced sta~es the piaque c~n bacoae obstructive and •at 

eyentua1ly cause arterial occ~usi.on (koss ~t ai., 197~). 

II. The~ 2!, triglyceride§ apd ~ lov d~nsi~y 

lipoprote:in~ iD, t.ae deY~lopaept 2! i§c.tiea1c 

heart. d.1.sec1se. 

&. l'rospective ~pidea~olo9.1..cai Studies. 

t. EYl.dt:nce for the independent rolt! of :serua 

trigl1cer1.d.~s in ta~ d.eve.iopaent. ot .1..sc.b.ea.1.c 
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b.edrt a.i.s~a.Se. 

No siDgle fact.or~ an absoiut.e cause ul eitber 

atherosclero~is or ot coron~rJ diseGSe. Hany 1actors dre 

interrelated and to the extent. that. tbey .u:e prestnt in ani 

one individual, they increcU;~ the risk ot the diseds~ 

(Saith, 1978). Priaary risx factors include eieva~ed serua 

cholester~. hypertension, •-d cigarette saoking. 54c:cond&LJ 

risk factors include fAailial h:i.st.orJ ot coronary heill:~ 

disease, g.l.ucose into.:a.erance, obesity, stress, per~onaJ..Lt.Y 

patterns, ~ack of physical. exercise ana iipid clbnoraal..Lties 

(Xnter Society Coaai&sion for Heart. Disea&e Resources, 

1970). The relationship between serum to~a~ cho~esterol and 

atherosclerosis i~ vel.l. estab~isaed (Blank~thorn et al., 

1978; Conner, 19b8; Goidst.ein et. cU.., 1972). However, soa~ 

controversy st.il.l exists concerni.Dy the re.lat.ionshi}' ot el.e-

vated s~rua concentration ot t..rig~yceriueb a.nd the devel.op-

aent of at.herosclerosis. Bost awailabJ.e a.ata on serua t.r.1.-

giyceride le•E=.ls i.ndica~e an assoc~a~ion .between eievated 

concentrations of th~s lipid and 1schea~c heart ai~ea.:;~ 

(Car1son et al.., 1979). Differences ot o~inion ex~~t, now-

eY6r, over vae~her serua tr~g1Joerides exist as a risK fac-

tor in and ot ~heaseiYes; indep~dent ot serua cboies~~roi 

(Brown et al., 19b~; Kannei et a.l., 1979). 



9 

Tae controversy surroundin9 elev~ted s~rua triy~)~eride 

levels~ an independ~nt ri.,~ xQctor p~dgues r~searchei:s 

even today. Prospective epiueaio~ug~cal studies h~ve 

deaon~trat.ed conflicting results. Researchers froa Stoc~-

hola, Sweden, suppor~ the contentio~ that piasaa trigiyc~r-

ide levels act as a risk factor i.Ddependent of p~~saa cho-

lesterol. in a nine year folloM-up study, Carlson and 

co-workers (197l) att~apted ~o relate plasaa chole~t~rol and 

triglyceride leYels ~o tile rAte of nev events of ischea~c 

heart disease. Subjects were participants in a prev~ous 

study and were aen vho had suffered ayocardial i.ntarct~on~ 

durug the previous nine years. Stat.isuca..i a.Ba.i.J5i.s ua. ... -

cated a linear increc1.Se in the incidence of i.bcheaic heart 

disease with incEeasing conceLtration of triglJcerides ana 

cho.le~-tei·ol.. To study the rol.e oi hi.gh levels of only oae 

or bO~h plasaa lipid levels, th~ •~n were placed ia~o tour 

groups: (1) aen vita nor•a1 1evels ot both caolestero~ ~na 

t.rig1}ceride~. (2) aen •it.h high cao1est.ero1 ieve~s o.u.1.y; 

(3) aen with high t.r.1.9iyceri.ne levels olll.J, and (4) •~n v.1.t.h 

e1evation of bot.h ii~id coaponeat.s. The ra~e of n~v ~vent.s 

of L:icheaic heart di~ed&e VAb highest int.he group •i~h high 

wa.J.ues tor both ~ypes of p:i.asaa iipids followed oy the group 

with elevate« trig1yc~riues on~y (Carl&on et a.a. •• 197~). 
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.8~su.lts of tht fourteen year fol.low-up ot the St.ocuiola 

Prospective study were recent.lJ reported (Carl~on et a...1.., 

1979) • Using aore coaplex statistical ana~ysis, ~he 

authors reached esse11t1c:1llJ the sa.ae conclusions i:~port.ed 

earlier. ftultiple loyistic analysis vhicn includeu eight 

independent variable~ shoved ta&t both serua cnole~tei:ol and 

triglycerides were independent risk factors vi.th a siai~dr 

de~ree of statistical signiticance. However, vhen onl1 n9e, 

blood pressure, saoking, seru• tr1.9lyceride and cho~esterol 

vere .introduced int.o the aultiple .1.ogistic analy;.;1.!:i, trigly-

ceride ~ppeared •~re st.rong~y a.s a risk fact.or than did cno-

lesteroi. Fro• the pure stat:a.stica.i point of view, t.nis 

analy~is suggests that the rol~ of cho~est.erol u~ a ris.it 

factor found in sinyle factor analysi~ vas not due to cho-

lesterol itself, but rather to the association between cho-

lestero~ and soae of the ot.her i.ndepenaent risk factors. 

car1son and Bottiger caution agaiabt assu.ing causation 

when ..i..nterpret..ing au~t.ivariate regression auaiys~. ~articu-

l.arl.y vhen tvo or aore Yari.a.bles ar~ ut.ercorre1atea. Their 

contention is particu1ar~J appropriat~ for tae t.vo varianl.es 

- pla~a triglyceride and cholesterol wtuch occur together 

coabined in fixed proportions in tJle pl.as•a l.i~oprote~n par-

ticles (Carlson et al., 1~7~). 

2. Additive ris~ of associate.-d serua 

cnoiest~rol. and trigl.ycer.l.d.es. 
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in a four year prospe~ive study, Brow~ ana 

co-workers (1965) vere aole to relate ~rig~yceria~~ and cho-

lesterol l.ev~.1.s to bot.a 'tJle incidence abd preva~ence ot 

ischeaic heart disease. In ao.uition theJ v.are able t.o 

assess the asociation between the t.vo .i..l.pid coapoueut~ 4nd 

atheroscierosis. At t.h.e t.iae ot t.ae initial det.erDinQtions, 

140 of the 1~51 saap~e subjects ver~ known t.o have .i.scaeaic 

heart disease. Coaparison of those with and without the 

disease vas aade initially. lo significant. dilfert!11ces u 

serua triglyceride Yalues were evident in noraal. and uiag-

nosed patients. However, significant difxerences were found 

in serua c.hoiest~rol leveJ.s. ihen groups ~ere diY.1.4eQ into 

thirds based on deterainat~on ot choleste1"'0i value~ ,~oveli~ 

third, aediua t.aird a.nd. highest. t.hird) and t.r1glycer1.<1~ 

Yalue:i>, ischea.i.c heart disease vas aore pi:eval.ent. .1.n .1.nd~wi-

duals vith increasing ieveis of either iipia. Since the 

aean caoiesterol le•~l r.i.::;es ill each t.rigiyceride Lange, the 

researchers postuiated that. the lipids ar& correldted and 

the iI.Lcreasecl preva.lence appa.rentli associated vitn eit.a~r 

lipid coul.d be att.rinuted t.o an interaction between the t.vo. 

Purtheraore, they found that triglyceride concantrd'LL.Ons 

piayed a deterainant role 1.11 t.ae p~evalenc~ ot iscneaic 

heart disease when cholesterol concentrations vere .be~ov 27~ 

ag/100 al. aovever, when cho1esteroi ieYei~ v~re aboYe 274 
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ag/100 •~, eleYated triglJceriae leYels had ~i~tle ~nfiuence 

on the 1Jreva.1.ence of t.Jle di.sec;a~e. Pitt1-si1 subjects 

acquired ischeaic heart disease during the tour year stuay 

period. The disease occurred aore treqoent~y ill ~sociation 

with increasing leYels of either cholesterol or ~ri9lycer-

ide. The authors concluded that it vas iapos~i»le, based on 

the saa.11 nuaber of subjects, to coll.fir• t.nat elevated tri-

glycerides bad an independent effect. on the incideoce ot 

ischeaic neart d~ea.be. However, a stronger preYa~ence va.s 

observed vnen both seLua cho~esteroi and tr~glyceride ievels 

were elevated (Brovn et al., 1965). 

Siail.ar associations vere found between serua triyiy-

cerides and serua cho1estero1 based on angiographic 1.1.naings 

of ayocard:iai inf4rct patient~ (Page et al., 1970). Inc~-

dence equAsions vere derived for predicting coronary neart 

disea~e. Age and tota.l cnolesteroi vere found to be hignlJ 

discr.iai.nati~g in predicting r~~k. Seru. trigiyceride i~v-

e~s vere found t.o be a fair discriai.nator 01 risk. Tr~g~y-

ceride l.evels, hoveYer, vere not .l1.11eai:ily rel.ateu to 

increased risk. That is, risk vas shown to increa5e uv to 

220 ag/iiter, but at higher l.eve1s ~he di::ieriainating power 

vas lost.. But., the coab.llld.tJ.on of age, eiewat~d t.otai ser\111 

cho.lesterol, und eievat.ed serua t.r~glycerides demonst.rated 

the greatest probability of bawing obstruct.iv~ i~sLon~. 
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The r.1.sJl of coronary heart disease was exaa.1.n~ d pi.:os-

pectively in 2,282 aen and 2,84~ voaen ~ccor\U.ng to unt~ce-

dent lipo~rotein and caolesterol status int.he Praa~nyhaa 

study (Kannei et cal., 1971). An increa~ed risK proportiouaJ. 

to the antecedent. serua cholesterol. vas found vheLher or not 

it va.s associated vit.n eleYa t.ed triglyceride levels. ._aen 
~ 

adjustaent vas aade for the concoait.ant t.ri9lycer.1.oe concell-

tration GDd other factors related. to co£ona.ry near~ di~ea::;e, 

a residual grad.1.en~ of coronary heart aisea.se risk ~ropor-

tional to the serua chol.esteroJ. 11~ still eYident.. Ou the 

other hand, va~n ris~ of c.a.D. vas exaained accoruing to 

the triglyceride concentration adjusting ~or cbOJ.~sterol., no 

resid0a.l risk gradient reaa.ined in aen. Rovever, in voa~n, 

over SO, serua triglyceride ievel was superior to serua cho-

lesterol. leYel in discriai.Dat..l.llg potential aaong h~art. 

disease cases. 

A subsaaple (2815 aen and voaen) of the Fram.1.ugb.aa 

cohorts vw,; followed .between 1971-1975 (Gordon et d~., 

1977). Blood profi1e~ inciuued total Cho~estero~, tota~ 

trig1yceride, iov aensitJ l~popro~eins and high density 

1ipoproteins. One hundred and tou.rty-tvo indiy.1.auu.1..:» deve~-

oped coronary heart a.i..sea.se QUring t.he f.onr yea.r st11dy i>er-

iod. aultiYariate a~d uni•aridte analJsis reveal~u ~ strong 

negative correlation between seru• liDL leYel. end ischeaic 
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heart disease. s~rua LDL l~Yel shoved a <lirect ~osit.ive 

relatiouship to tae aevelopa~ut ot coronary heart ui~as~. 

However. the stat..L~tica! associdtion was auch ved~er. Un~-

variat.e anal1s.u; tor voaen oYer age 50 iuentitied ~Lig~ycer-

ides ~ a st~ti.stica.ily signiticant risk tactor in the 

developaent of isc.b.eaic heart disease. However. discrimi-

nating power of serua trigLycerides vas l~t in aUl.tivcU:iate 

anal.ysis. on the ba3is of their analJ~.l.S. th~ authors con-

cluded tnat 'Ule acst indicative 1ipid profile tor predictin~ 

iscaeaic ~eitl:t a15ease vilb a coabination of tot.al. serWI cho-

lesterol. serua BUL and serua triglycerid~s (GordnA et aL •• 

1977). 

3. Liack of evidence of involveaent ot serua 

triglycerides in the developaent of co~onary 

heart disease. 

Several. prospective studi~s have atteapted to 

investigate various risk factors and the role they pidt in 

the deveiopaent ot ischeai.c heart di.sea.lie. For ~ne aost 

part these investigations have deaon.strated a ~ack ot tne 

role of elevated ~riglycerides in coronary heart d~seas~ 

deYe.lopaent even in the presence of ~ssociatea serum cno-

lesterol (Casteili ~t a.l., 1977; He}den ~t a.l., 1979; bu.ll~y 

et a~ •• 1980; Rosen.aan et ai •• 1976; Wi.1.he91.asen ~t c11. •• 

1973). 
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WLlhtalesen aud co-vor~ers (1~73) use4 auitiv4riate 

analysis to asse~s the association .bet.ween coronar1 heart 

disease and nine ASSoc.i.at.ed risk factors. They d~aon~trdttd 

that triglycerides had litt..l.e predictive Ya..liaity ~n ~vaiu-

ating the risJt of coronary .llea.I:t di.sease. The big.nest. preo.-

ictiYe risk factors found in the saaple populat.ion of 834 

aen ages 50 fo1loved for nille :years vere serua cho.i.e.!:it.erol. 

leYels, saoki.ng and systolic biood pressure. 

ftult.ip1e logistic ris~ analysis, used to asse~s tne 

direct predictive strength associ.ated vita risk fac~ors va.s 

utilized in the ietit.ern Col..la.t>orative Group study (kosenmdn 

et al., 1976). Tke Western coilaborat.ive Grouv St.udy was a 

prospective epideaio1ogical study of 3,154 .llea.ltbJ aen 4ged 

39-59. Subjects were tollove<1 over &n 8 year per.1.ud. Stci-

tistical.~y significant relat.iousnips vere fouhd De~ve~u 

it;eheaic heart disease, serua cholesterol, behdvior pQ~tern 

(tJpe A) and cigarette s110Jli.n9. Serua t.rig.:a..yceridts .i.n sta-

tistical coa~etition with other lipids deaoastr~t~d a n~gii-

gible associQtion vith incidence ot coronary h~art <U.s~a~e 

in al.i age groups. 

Researchers in the COoperative Li~oprot.t!in P4enot.1p.1.u9 

Study found ~hat Puerto Rican aeu had exc~ptionallJ higher 

triylyceride level..s than a.id oth~r coai,arat.ive 91:oups in t.b.e 

presence of noraal choiesterol (Cast..e!li et al., 1~77). 
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Furtheraore ta~ iucidehc~ of corowuy h~art. disea~~ vas 

lover in t.his population. In shor~, t.h~ research~rs found a 

lover ~revalence of coronary heart disease .l.Il Uae ~resence 

of el~vated serum trig~yceri~es vit.nout tn~ noraal associa-

tion of elevate~ serua cholesterol that otten accoal><Uiies 

this l.ipid e.ieYati.on. This observation ra..l.bes o.ouots a.oout 

the inde~~dent role of elevated t.riglyce~ides iu ~he aev~~-

opaent of ischeaic heact dise~e. 

Serua triglyceride levels vere found to be ot ~re<J.i.c-

tiYe Yalidl.ty for ischeaic heart a.isease ~ ~ saap1e popula-

tion of Evans County, Georgia, only in vhite feaai~s, age ~O 

and older (Heyden et a.l., 1979). Hovev~r, in vhit.~ aen and 

all b~acks no associat.ion VGS found between trig~yceriae 

leve1s &na. aortalit.y troa coronary ileart. disease. St.a.tisti-

cal. adjU£taeht.s vere aade t.o account tor the effec~s of the 

confounding risk variables l.ll order to i.solate the ~t1ect of 

serua triglycerides on CBD aortality. The autAors conciude 

froa ~heir £oll.ov-up stud) of 4 l/2 years that: 

The eYidence so far in syste•atic tollov-u~ ~~uuies 
is that sertm t~iglycerides or the trigi1ceria.e r~ch 
lipoproteins are relatively weak contrl.!>utor~ to 
si.llple CHD risk pre(lic~ion Q~d are essentia...1ly 
non-contributory after adjustaent is aade anal.yticill.l.y 
for the assOCi4ted serua chol~&terol lev~~ (Heyden et 
a.1..,1979. p. 282). 

A recent expose written b] Hulley and co~leagues (1960) 

the investigators in the Western Coll.anorat.ive Group ~tudy 
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proapted aucn respon~e vithin ~he aedicd..l. coaaunitt (liu~~ej 

et al., 1980). liulley•s treatise uea.lt with the lacil ot 

association »et.we~ tr~glyceride l.evels and coronArJ n~art 

disease. Purtileraore, the Author questioned the etticacy of 

clinical aanageaent of elevated triyl.yceria.es due t.o tne 

deficiency in experiaentcU eviden~ of the role 01 triyly-

ceride in coronary heart. disease. Hul1ey •s content.ioh is 

that serua chol.est.erol. is aore i.ndicative ot risk than are 

serua triglycerides. The evidence support.uig ~he role ot 

serua cho.l.esterol bas unequivocal.ly beeu ueaonstra~ea. ny 

epideaiological studies (Brunner et al., 1977; Crdaer et 

al., 196&; Cob.net. al., 1976; Be1nle et al., 1969), patho-

logical observations that atheroaa& cont.a.i.n cao~estero~ 

(Zilversait, 196&), biocheaical ~tudie~ (Saal.l, 1~77) and 

aniaai studies (Arast.rong et al.., 1970). 

in contrast, t.he spectru. of evidence .l.llplicat.J.ng tri-

glyceride as a causua~ risk tact.or is narro~er and sUDject 

to aucb debate and controversy. In effect, aost. of t..he 

inYestigat..ors t.o date on tr1glJcerides have been ot tne epi-

deaiologica1 type (Huiiey et. ai., 1980). Hu1ley cunteoa~ 

that earl.son and Bot.tinger•s conc1usions i..u the s~ocJthoia 

Prospective study iaplicat.ing ~rig~ycerides as an ind~pen-

dent. risk. factor J.S based on 1.Jleir failure t..o illc.L.llde liDL in 

their aul.t.ivariate analysis as veil as po~u.la.tion uu-
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fernces, tec.o.nical dilferences and chance. Soae ot the 

debate ~urrounding t.he influence or serua t.rig1yccrides on 

t.he deyel.opaent of coronary hea.rt aisease can be t.racea to 

the st.a.tistica1 aode~s used and interpretation ot tne 11.Da-

ings (Hulley et. al., 1980). The lest.ern CollabOr~ti'fe Group 

Study used aultivariate logistic a.na1ysis vitA sev~riti 

aode.l.s (Rosenaan ~t al.., 1976). 

liulley (1980) eiplains that in single tactor ana~y~is, 

triylycerides a.re indeed iaplicatea. in the deYe1opaent of 

coronarJ heart. disease. iU1ea bot.h serua t.r.1.9l1ce:L.1.des a1Ht 

cholesterol a.re entered into the anal.ysis, bOth li~id tac-

tors reach st.atist.ica.l signiticance. Bov~•er, vne-n we 

strength of each lipid variable is he1a coast.ant, serua tri-

glJcerides vere no longer a significant factor. Cbole~t-

erol, however, reaained a strong preuict.or aft.er adjustaeut 

for triglyceride~, suggesting that t.he appax:ent association 

between triglyceride operates largely through the correla-

tion .between t.r1g~yceride and cholesterol. Subsequent sta-

tisticai analysis indicated that t.he association bet~een 

serua triglyceride aDd coronarJ h~Art aiseii.'::ie vas ~ttriouted 

to BDL and body aass iactors (Bu.lley et a~., 1980). In 

addition, triglycerides and cho.lest.erol share autuill t1:an5-

port aechani~•s in circulation (Fredrickson et al., 1~67J. 

l!oreo'fer, the triglyceride rich very i.ov a.ens.1.ty l:.1.J!Opro-
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teins (VLDL) contQin saaJ..l a•ounts ot cholesterol cbd are 

aetabolic precu~sors oft.he cnolestero1 ricn 1ov ue.usity 

l.ipoprot~ins (Grundy, 197ti). The situation becoaes coaplex 

specifically it such interrelated factors are l..BYolved (Hul-

leJ et a1., 1960). 

In respo~e ~o Hu~ley•s critical ewaluation ot th~ lit-

erature with reference to triglycerides, B~i.lar (1980) 

offers seYeral. obserYat.ions. The author is in ag~eeaent 

with Bulley•s crit.icisa concern:..ng weaknesses prec~nt in 

epideaiologica.l studies. Clearly• epid.ea1.ol.0<Jic stuo..i.es are 

not worthless, rather they are liaited in their conclu~ions. 

Por eiaaple, statistical associations are subject to aany 

interpretations. This aa.biguity exisu b~ause oi tile <1i.f-

ficu1t.y in sorting out causes, effects, concoaitant Yaria-

bles and randoa flucuatiollii when the causes are au~t..:Lp~e and 

diffuse. I.n this .1.nstance t.ilere is auch rooa for .1.nd.ivi.dual 

judgeaent. Purtheraore, epideaiologic studies do ~ot lend 

thease~ves to experiaental. aanipu1ations. In conc~USl.on, 

associations deriYed froa epideaiologic data shouitt be sup-

pleaeuted bJ relewant data ot other types (Bai.lar, 1980). 

1n a rebuttal to au1ley•s articLe, BrunzeJ.l. (1980) c.rit.ui-

i.%ed Bulley•s suggestion of el.iainat.i.ng the contro~ of serua 

triglycerides in clinical aanageaent and ~he use 01 serua 

trig1yceride leYel.s in screeni.n9 tor coronary hear~ disease. 
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Brunzel.I. conc~ded that Bulle1•s anal.ysis applied ouly to 

healthy aiadle agoo aen. His analysis failed to e:i.aaine 

selected sub~roups of patients, spec~ica..llJ aiabe~ics, 

faailial ooabined hyperlipideai.cs, a.nci rewu. d.i.a1ys:u:. 

patients. TJle coronary disease in diai.etics coulct be 

expl.ai.Dec1 bJ t.Jle associated e1ecrease in BDL, obesit.J, hyper-

tension or the diabetes it.selt. Port.her, the coronary heart 

disease in faailial coabined. hyperlipideaics •"-Y Le associ-

ated vit.h an increase in serua l.ov density l.i.poprote.l.lls. 

Bovewer, serua triglyceride leYel.s iA heaodialysis patients 

haYe been deaoastrated to be an appropriat.e aeasure for 

predicting coronary heart disease (Bxunzell, 1980). In a 

prel.i.aina.ry report. on t.be incidence of coronary hec1rt 

di.sea.1>e in 322 long tera diaiysis patients, those who nad 

t.Jie disease aad sign~icantl.J higher seru• t.rigl.yceride le•-

els than did patients without. ewidence of coronary heart 

disease (Brun~e1l, 1977). HDL cholesterol vas siailar in 

all groups. Thus, triglycerides a.nd not KDL appeared t.o be 

a better predictor ot coronary heart disease in tilis yroup 

of patients. :In a. rebutt.aJ. articie, Carl.son and Bottiger 

(1981) discuss three concepts that aaJ expl.ain the di±ter-

ences found .between the Stockhol.a Prospecti-.e Stud 1 aad tbe 

Western Collaborat.iYe Group Study. The study desigus as 

well o..s the i,opulation saap.les ver~ Yery siailar. earl.son 



21 

and Bottiger propose t.ilat ait.hough obvious ethnic, geo-

graphic and environaenta1 differences exist between the ~vo 

population saaples, this consideration .is otten overiookea 

by researchers. Secondly, the choice of endpoin~ u~a in 

both ~-tudies aay explain the cont.radictorJ results. Tne 

Stocahola Prospective Study used only two endpoin~s: ~r~ven 

ayocardial i.nfarctioa and d~ath fro• iscaeaic vascul.ar 

disease. 

Ill the Western CollcWOrative Group Study several end-

points were used including angina pectoris, syaptoaat.i.c ayo-

cardia1 infarct.ion aAd si.l.ent ayocardia~ J.Dfarction (Bos~n-

aan et al.., 1975). In effect, investigators troa the 

Western Collaborative Group StudJ were •orking vit.Jl a less 

defined and aost 13.kely a less advanced disease population 

than were the Stockhola Prospective Study. Purtheraore, it 

••J vel..l be that there are significant difference~ between 

these categories (angi~a, ayoca.rdial infarction, s~lent ayo-

cardia1 infarction) of ischeaic heart disease in relation i.o 

risk factor dependence (C&r1son e~ al., 1981). 

There is indeed an indica1..l.on of such differeuce in the 

Vest:.ern Collaborative Group Study (Bosenaan et al., 1915). 

Xt is stated that while tor the subgroup vitb syaptoaatic 

ayocardial infarctio~s there vere signi1icant associations 

with both serU11 caolestero1 and triglJcerides. Waereas ~be 
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and  the category silent aJOCdrdia~ l..llfarction ~ ~ uot asso-

ciated with. ant serua .lipid. Thirdly, tile autilors eapaasize 

the fact ta.at although the logistic aode1 does uot recoguize 

serua choles~erol as illl independent risk factor in the 

Stockhol• ProspectiYe StudJ, ta1s does not iap1y t.Jle fiJper-

chol.esteroleaia does not. cury a high risk for coronai:y 

heart disease in Stocthola. The authors  conclude tba~ it is 

iaportant to dif'ferent.i.ate between t.he cl.1.D1ca..1. conception 

hypercholesteroleaia and tae notion of high choies~ero~ used 

iD epideaiological studi&». ihile hypercbolesterol~aia aay 

iaplJ a serua cholesterol leYel that e:1.ceeds 308 ay/100 •l., 

high chol.esterol aay be as l.ov as 193 ag/100 Jtl (Carlson et 

al., 1980). 

B. Studies of Serua Lipids in SurYiYors of ftyocar<11.a..1. 

lDfarction and Controls 

1. Evidence for the i.JldepandeDt role  of serua 

trig1jceride. 

SeYeral. st.ud1es aaye exa.ined the blood lipid p~oii.!.es 

ot suniwors of ayocai:dial infarct.ions in coapar.1.Son with 

those of aatched control subjects. Xn effect, tb.iB partic11-

lar type of studJ at.teapts to exaaine the differences l.ll 

lipid l.eYe1s between noraal sUbjects and t.hose with ischeaic 

heart disease in order to isola~e risk ta~-tors (ll~rink et 
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al., 19S9; Albrin~ et al., 1961; Bil.1iaori.a et al.., 1979; 

Dolder et al., 1975; Rhoads et al., 1976; VAiek et al., 

1974). Early studies of Albrink and co-vorxers (19~9, 1961) 

haYe clearly deaonstrated e:LeYated seru• tri9iyceride ieYeis 

as the aost coaaon lipid aet.a.oolic error: in pa.tien~s wi.t..h 

coronary heart disease. 

Albrink and Kann (1959) d~aonstrated a strong reiation-

shiF betveen eievated serua triylyceride concentxation anu 

the developaent of coronary artery disease. These .1.Dvesti-

gators looked at concentration of ~erua cholestero~ a.nd tri-

glyceride leYtils in diagnosed a1ocardiai infarct pati.ents 

coapared to conti:o.ls. loraa.l. ranges for cb.olesterol and 

trig1Jceri.des were establi~hed as two standctrd deviation~ 

aboYe and below their aean concentrations ik serua basea on 

data obtained froa ninety-t.vo ~oraai aen and woaen aged 

20-29. When cholesterol concentrations vere graphed and a 

horizontal line aravn at t.he upper 1.j_ait ot noraai, oniy 1s, 
0£ coronary pati¥nts aad c•oiesterol cokcent.rations exceed-

ing this figure. Triglyceride concentrations were also 

expressea. on the aorizontal line and 17!> •9 I vas eb-ta.t>i.-

ished a& the upper lait. llost. cont.rol..ii fell Del.ow the 

line. In contrast., 701 of aale coronarJ ~atients had tri-

glyceride concentrations aboYe this l.ewe.l. Further anal.ys.is 

oft.he data indicated that ~he segregating power ot trigly-
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ceride concent.ration decreases vit.h age. That. .1...S, as age 

increQses in the noraal indiYidua..l, so do tri9lycer1de lev-

el.s. BoveYer, serua conQ:ntrations of t.r .1.gl.ycer i.de level.s 

in the coronary population re:aa.iJ>.ed high. 'this was con:it.ant. 

ia al.l ages. The authors suggest., based on their tl.Jlding~, 

that ill1 error ill the aet.abol.isa of triglycerides i& the 

lipid abnoraaiity operat.iYe i.a coronary artery disease. 

Further, t.hey contend taat. increased caol.esterol. and 

increased lov d~DSi.tJ lipoprotei.D are secondarJ to decreased 

efficiency of trig1yceride util.i.Zation vit.h resulting accu-

au1ation of triglyceride in the plasaa (Albrin~ et. al.., 

1959). 

SeYera1 years l.ater, tJle saae J.DYestigators did a siai-

1.ar study in vb.i.cll serua l.i.pl.ds vere aeasured in 11!> 

patients vho bad suffered a •Joca.rdial 1.llfarction and hedl-

thJ aen of Yarious ages (Albrin~ et a.l., 1961). Serua tri-

gl.Jceride concentrations vere increased about 5.4 a.i.l.iequi-

wal.ents per lit.er ill ~I of noraal. aen 20-29 years of age, 

321 of noraai aen aged 30 an.a ower, and in 8~ of all 

patients with coronary artery disease. Bigh serua cholest-

erol concentrations or ay~ertension apFea.rea to increase the 

risk of coronary disease in persons with high se~u• trigly-

cerides but bJ theaselwes ~eeaed to carry lit~le risk. An 

ezception va.s the occurrence of high serua chol.est.e:co.l. witll-

out high serua trigl1oerides in a saal.l nuaber of patients. 



Siailar resul.ts vere obtained but to a lesser deg:c·ee 

vhen proportional distributions~~ serua cilolesterol ana 

trig1ycerides were anal.yzed in 240 surviwors of •1oca1.d.ial. 

infarction froa nine countr~es (Dolder et ai., 1975). cu~ 

off points of 280 ag/100 al. for cholesteroi a.nd 200 •g/100 

al. for trig1ycerides were estab1ished. Tventy-fiYe i,e:cceut 

of patients had cnolesteroi ievels aboYe the cut ott point. 

Tllirty-tiwe percent. of patients .bad triglycerides a.oove t.lle 

cut otf point. Using the saae criteria, twenty percent ot 

al.1 240 patients shoved hypertrigl.Jcerideaia vi.th.out associ-

ated hypea:noiesteroleaia. Fifteen percent shovea .both 

hypertriglycerideaia and byperc.llolesteroleaia. Ten percent 

shoved hJpercholest.eroleaua vitilout associated hypertrigiy-

cerideaia. iltnough differences between serua trigl.Jce.r.1.de£ 

and chol.estero~ are saall, elevated. serua t.l:igl.ycerides seea 

to occur aore preaoainantly ill survivors of ayocaruial 

inf uction. 

Siail.ar results vere obtained ~hen proportional di~tri-

bution. vas used to d.et.erlli.ne the aaill lipid abnoraal.i.ty 

foun.d in subjects vi.t.h coron&r}' heart. dis~se (Btl:liaoria e't. 

al., 1979). Patients vere grouped accordinq to their c~ass 

ot hJ~erlipoproteineaia based on serua tri9~Jcerine, cno-

lestero1 and lipoprotein iln&1Jsis. The highest. percent. dis-

tribution (fifty-six ~ercent) of hyperiipoprotein~aia 



occured in toe coronary bear~ disease patients ~~ type IY 

vith onlt serua trig~ycerides e1.evat.ed above nor•a~. Tven-

ty-seven percent of al..l. CIJD patients had a aixed ayper~ipo-

prot.eineaia. The aajoritJ of  these  shoved el.eya.t.2.ons ;ui th~ 

YLDL fraction. 

In an atteapt to expl.ain their results, the au~hors 

suggested that in studies re~ating illlgiography aDd .l.ipopro-

tein abnoraalities, patients vith hypert.riylycerideaia have 

distel vessel .b1ockage. Those vith hJpercaolesterol.eaia 

suffer froa blockage of the aain vessels (Bi.l.lJ.Aoria, 1~7~). 

~herefore, coronary patien~ that aaaifest. el.eYated tr~giy-

ceride levels are better ab1e to surTiYe an infarct than 

those that aanifest. eievated serua caoiest.ero~. 

2. Lack of evidence of the invoi•eaen~ of serua 

triglycer~des in the deveiopaent of coronary 

.b.eart disease. 

J.n other studies, art.eriograph.ic findings &DQ serua 

lipids and lipoprotei.ns have deaonstra~ed a l.ack of assoc.J..a-

tion between t.rigl.yceride levels and extent ot iesions 

(Rhoads et al.., 1976) (Yal.ek et al.., 197~). Yalek and co-

worker& (1974) perforaed coronary i:lllgiograpbJ .1ll nine~y 

patients with coronary artery disease to assess t.a~ ext.ent. 

of l.esi.ons presen~ int.he disease st&t.e. The resw..ts ot the 

angiography were coapared to fasting ieve~ of serua cbo-
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lesterol, triylycerides and weight index. A signiiicant 

cor~el.ation vas found .t>etveen serua choiesterol and coronary 

atherosclerotic iewel. Bovewer, triglycerides and weight 

failed to shov a relationship tot.he increaent ot at.Jleros-

cotic lesion&. Sail.ar oonc.lusions vere deaoastratea when a 

subsaap.le of the Honolulu Heart Study vas used to ascer~ain 

the fL~quenc1 of defined hyperlipoproteineai.& and ~o inves-

tigate the relationship between lipoprotel.ll fractions and 

coronary heart. disease (Rhoads et al., 1976). fta.l.es with 

coronary heart disease vere coapared to a ~I probability 

saaple of noraal aen fro• the Bonolu..t.u Heart Study. Height, 

weight, sitinto1d, blood pressure, serua total. cho~esteroi, 

LDL, HDL, VLDL and triglJcerides were aeterain~ tor each 

control. Calculated prevalence rates of coronary beart 

dis~ rose with increasing 1ewe1s of tot..a.l chol~stero.l and 

LDL. A highly significant difference in serua HDL levels 

vas also evia.ent betwe.tn cases and cont.ro..t.s. liDL l.evels 

tended to £a.11 vith increasing weight as daterained DJ s~in-

fo1d. No si~nificant differences i.n triglycerides and YLDL 

(Yery lov density lipoprote.i.ns) were tound .between groups. 

When tbe distribution of lipoprotein phenotypes vere inY~s-

tigated for the popuiation, tventJ-six ~ercent ve~e tound to 

h&Ye typs IY hJperlipoproteineaia (choiest~roi less than 210 

ag/liter, trigiycerides greater tba.n 190 ag/liter). The 
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prevalence rate of type IY hjperlipoproteineaia shoved no 

corre~ation vith the l.DCi.dence of corona.ry nea.rt dise~e 

(Rhoads, 197&) • 

c. Arteriograpbic findings and coaposition 01 lesions 

Prospective epid~aiologica.l. studies and coapar.1..Sons of 

survivors of coronary heart. disease with controls can bhov 

associations between risk fact.ors and ~he developaent of 

corc,nary artery d~ease. llore direct eaainati.on ot t..n.e 

extent. of atherosc.l.erotic lesions can be perforaed by arter-

iographJ and histocheaical. estiaation. 

l.n a report. that exaained triglycerides in ti~sue cul-

tures, Adaas (1967) tound t.bat t.riglycerides ez.hioited ~it-

t.le sclerogeni.c a.ctivit.J. I.n contrast., when chol.est.erO!. vas 

iaplanted in tissue cultures, .1.t. vas found thca.t this l.1.pid 

displayed scleroganic activity. Jevertheless, saturated and 

aonosa.turated triglycerides proaoted piateJ.et aggr~gation 

and eiperiaenta.l. throabosi.s as well as accelerateu platelet 

coagu.l.a.t.ion. on t.he basi.s of the resul.t.s, Adaas (19b7) con-

cluded that. chole~terol i.s ~art.ly responsible tor 4th~roaa-

tous tnicken.uig of th~ ~eries, v~ereas triglycer~des aay 

illitiate soae part. of the tnroab&stic occulsive episoa~. 

Together, these tvo processe~ ledd to the onset ot coron4rJ 

aeart disease (Adaas, 1967). Tne coa~osit.ion of tae at..Jl~r-

osclerotic leSLOD lends b-Upport.J.Dg eYidence i.apJ.ica.tJ.Ag 
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plasaa caale~t.eroi concentration in the developaent ot COLO-

nary artery dl.Se~se. Triglycerides nave also beeu touild in 

the lesions (BottcheL ~t a1., 1960), bu~ there is ~o•e spe-

culation concerning their presence and the aevelopaeut ot 

coronary heart cU..sea.se (.l.bdu.J.la et a.1., 1969) • Da t.a ou 

coronary arteries based on six •uaan au't.Op~ies reported neg-

ligible aaounts of t:cigl.ycerides found in the arteries; 

vhereas, cholestero1 and cholesterol esters vere tbe preaoa-

i.nant lipids t·ound in the ni.stocheaical. exaainat.ion. The 

researchers stipulate t..b.at prewious reports deaonstrat.iD.g 

triglyceriaes present in the coronary 1esions were Gue to 

contaainat1ng advt!lltial adipose tissue vh.1.ch i.s extreaely 

hard t.o reaove froa the coronary art.er.1.es ctt aut.osi,y. In 

l!ffect, trig1ycerides account for very .Litt.le of the l.ipid 

in t.he intiaa of the coronarJ artery (Abdul.La et a.l., 19b~). 

Block and co-workers (1976) perforaed coronary a.rteri-

ography in fourty-six pati.en~s to assess the relationship ot 

type XI and type IV hyperlipoproteineaia and tae extent of 

daaage to the coronarJ arteries. BJperiipoprotein~•i.a is 

found to be a. risk factor in the deYelopaen~ of atherosc~er-

osis (Grundy, 1978). Purtheraore, ~ype I.1 and ty~e LV a.re 

the predoainant lipoprotein phenotypes tound l.ll corondrJ 

heart disease (Wi.tztua, 1978). Type I.I is ~haracterized by 

serua trig1ycerid~s exceedi.Jlg 150 ag/100 ai and serua cho-
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1estero1 exc~edlng 220 ag/100 al. TJpe iv is cha~~cterized 

bJ eleYation~ in tr1g1Jceriae~ (aboYe 150 ag/100 •~) nut 

noraal serua cholesterol concent.rations (Nationai Heart ana 

Lung Instit.ut.e, 1978). A11.a1ysis r~Yealed Uat distuct 

differences in atherosclerotic lesions were found betve~n 

the t.vo subgroups (Bloch et al.., 1976). Type II p~tients 

had a .bigh preYa1ence of aain l.eft coronari disease and of 

distal. coronary atherosclerosis. Type IV pa.t.1.ents usudl.lJ 

had disease localized in t.Jle proxiaa1 coronary art-.-!rJ. Tne 

authors contend tlla.t 'these differences aay .be reiated to tne 

differing plasa~ lipoprote.iJl patterns il! the tvo s1ndroaes. 

Daaage to the aain left coronary artery (tound in type II) 

has been deaonst.rated to be aore 1ethal. taan daaage U> tae 

proxilla1 artery (type IY). Tbe resul.ts ot this study iapli-

cate both serua cno1esterol and serua tri9lycerid.1. in uaaage 

tot.he coronc2IJ arteries: hoveYer, serua chol~stero1 bas 

deaonb-trated to have a aore letha1 ro1e in the developaent 

of coronary hl:!&l:t disease. 

D. Triglyceride ~nd IIDL relationship aechani~as 

soae researchers c~ai• tha~ tne el.evation ot ~erua tri-

g1ycerides and its effect. on the d.eve.1.opaent of corona1:y 

heart disease LS ~ttribut.ed to the relaticnship between 

serua triglycerides and BDL (Chan et a.1.., 1979; Kauko1a et 

a1., 1980; !i.J..ler et al., 1977; Sauar et~~., 19d0; Schaefer 

et a1., 1978). 
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tti.ller and co-vor~ers (1977) found tha~ survivors of 

ayocardial infarction bad lover ievels ot liDL t..bdu aid 

aatched contx:·ols. Puruaeraore, higher le..-el.s of low aensity 

l..ipoprot.ei.ns 11ere obsE:rved in ayocardia.l survivors. Ho11-

ever, this relationship was not as strong. Mo stat.istica~iJ 

significant dilf erences were iound bet.veer.. pat..ient.s and con-

trols vith retereuce to serua trig1ycer~de concentrations. 

It is difficuit.. to assess whether there vas any correiation 

between HDL trigljceride 1eveis since anaiysis did not 

include this correiation. 

sauar et. al. (1980) a.nd Chan and co-workers (1979) 

of~er an a1t..ernative explanation based on lipoprot.ein ~ip~se 

activity to clarify the HDL/ trigiycer1de relat.J.on~lu.p. 

They suggest that the inverse correlation reflects the 

reduced a.bil.ity of BOL in ~Jpertri9~ycerid.ai.a. states to 

activate lipoprot.ein lipase, thereby affect.ing peripheriLL 

reaoval. of triglycerides. 

Schaefer and his co-workers have suggested a hypot...tlesis 

that aight expiain the inYerse relat.ionship of hign densitJ 

lipoprote:i.ns and serua triglycerides (Schaefer et a~ •• 

1978). They contend t.hat the protein constituents of HDL 

(apo-protein A-X and apo-protein A-11) a.re found in cayloai-
' 

crons. Individuals vitb defectiy~ chyioaicron cataJ>olisa, 

particu1Ar1J in tne hypert.ri91y~rideaic state lac~ the 

constituents and precursors needed t.o fora HD~. 



ln a aore xecent study, seru• choiest.eroi, 

triglyceride~ and high den;iil.tJ lipoproteins were d~tarained 

in 56 •~le sur.ivors of ayocardia1 infarction and ti~ aatcbed 

contro1s (Kaukola et a.i., 1980). Lit'\l.e difference iD total. 

serua cholesterol existed .betvaen the ~vo groups. liov~wer, 

BDL cho1est.ero1 as well. a.s triglyceride leve1s vere statis-

tically different between ayocardiaJ. surYiYors and control.li. 

Xn addition, serua HDL and triglyceride lewe1s were strongiJ 

negative1y corre1at~d. That is, high 1eveis ot BuL (recog-

nized to bed protectiwe factor against coronc,.ry heart 

disease) exist sillultaneous.1.y with l.ov levels ot triglycer-

ides. Because of this relationship, tne authors cuntenu 

that t.riglyc~ri.des are iaplicated as an itldependent risk 

factor in the devel.opaent of iscaeaic heart disease. Purth-

eraore, Kaukola and co-workers suggest the £olloving aechan-

isa that aaJ explain the inverse corr~.la.tion between ~rig~y-

cerides and high aensity lipoproteins: BDL cholesteroi 

originates as a resUJ..t of 1ipoprotein 1ipase activ~tJ troa 

very low density lipoFroteins (YLDL). consequently, tbe 

abi1itJ ot BDL to act.iYate ~ipopro~ein l.i.vase is reduced in 

hypertrigiycer.i.deaic st&teo (Kaukola et a1., 1980). 

~. Suaac.ry of the Independent Bole ot Trigl1ceride 

i.n the DeY~lopaent of coronary Beart Disease 
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1n swaaary, A great deal of controversy existb concern-

ing the effect of el~Yated serua triglycerideti and its inde-

pendent role in the developaent of iscaeaic heart diseace. 

Conc1.usions fro• prospective epideaio1ogical. studies as veil 

as re~ectrch troa survivors of ayocardial lAtarction aud con-

trois shov conflictiny resuits. ftore ai.re<..'t aetbo~s such as 

angiographic findings and a.u.tocheaical esti•ation~ nave 

also neaonstrated cont.roversial Lesu1ts. !ucn ~t the ais-

pute surroundi..ng e1evated sexua triglycerides is due to it•s 

association vith other kno•n risk factors. Elevated serua 

cho1esterol, obesity, abnoraa1 glucose to~erauce ana e~e-

vated. bio0(1 pressure aay exi.st s~u1taneously vith elevated 

serua triylycerides. Wnen confounding varia~~es are co~t-

rolled for, e~evat.ed serua triy~ycerides ~• to lose their 

d.iscri..ai.nating power. Mevertheless. an increased ris~ ot 

developing iscileaic aeart disease is associated vnen eie-

vated serUA t.rig1ycerides are considered with eacn of the 

risk factors. 

Theoretically. the controve~sy aay hin9e l.aryely on 

vheth~ an e~eyated triglyceride ~eyei is defined as a pri-

aary or ~econdary risk factor. 

I.IL. The flasaa Lipoprotei.Ds 

A. General Lipoprotein lnforaati.on 
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Pla~•a ~ipofrotei.ns are lip~d protein coaplexes that 

transport lipids in tne circulation anct r~yulate l~~id syu-

thesLi and cataboiisa (ftil.le~ et al., 1979) (Saith et a..i., 

1978). The aajor fUllctions of the plasaa ~.poprotel..lli> 

include t.ransport.i.ng endogenous and exogenous triglyce~ide 

to sites of ut..l..l.izat~on and storage a.nd to t.ranspor~ cho-

1esterol betveen sites of absorption, synthesis, cat.aoolis~, 

and excretion (&orrisbtt et al., 1975). 

The classification ana noaenciature of the p~asaa lipo-

proteins have i>een ba~d priaarilJ on operationai detini-

tions as deter•ined by their electrophoretic aobility or by 

their rate of ultracent.r:i.fugal. f1otatioa in sa.l.t ~oiut~ons 

(Skip.ski, 1972). Ba~ed on thebe criteria, huaan p~asaa 

lipoproteins ha.Ye been diYid.ed into four cl.asses: cily.1.oai-

crons, Yel:J iov density 1ipoproteius (YLDL), !ov ~ensity 

iipoproteins (LDL) and high density l..l.poprotei.ns (ftorrisett 

et a1 ., 1975) • 

:Kach lipoprotein class has a characteristic coapo~ition 

but the aaounts of 1ivid and prote~n constituents do no~ 

occur in fix~d ratios wit.Jain each c1ass. in effect, eacA 

1ipoprotein group is aeterogenuus with respect to 1ipid and 

protein coaponents (Shore et ai., 197J). All plasaa ~ipo-

proteas are iap1icated in a therogenesJ..£ eit.her a.s carriers 

of excessive l.l..pid to the Y~ssel val1 or indirectl} as pro-



35 

genitors of the 1~poproteins i.nt.~ract.ing vi~h the vesse~ 

val.L. In adaJ.:ti.on l.i.poprot.e.i.ns, spec.1.t1.ca.ll.y HDl.., se1:9e as 

protective agents that li.ait toe accuaulat..ion of lipia 

within the Vdscul.ar inti.ad (Getz, 1979). 

Triglyc~rides can gain entry i.r&to the circuiation in 

tvo priaary vays; as chyloaicrons froa dietarJ lipids and as 

very low aen~ity lipoprotein aade in the liver us~ng ~tared 

fatty acid froa &Q.l.pose tissue or fatty acid newly aaae fxo• 

carbOay<irate (Sait.b, 1978). 

B. Chyloaicron Production antt Betabol.isa 

Chyloaicrons are the large.st .lipopro~eins rangl.llg in 

diaaet.ex: froa 750-1200A (Jackson et al., 1976). They have 

flot.ation values (S) in the range of 300-10000 and uensi-

ties of less than 0.9~ g/a]. (Herbert et al., 1978). Chyioa-

icrons are toned in the sact.il. intestine (Boheia ~t al.., 

1966) and consist largely of triglyceride with re~ative.l.y 

saal.1 aaounts of choie~terol, cholesterol ester, pnospholi-

pid auu protein in the fora of apoprotei.n (ftorrisett et ai., 

1975). Average yaJ.ues for ~be coaposition of chyLoll.l.crons 

by weight are: 80-9~, trigi1c~rides, 1-3~ unesterifie~ cho-

lestero1, 2-41 esteri.fied choiesterol, ~-bl pbospno~pids, 

and 1-21 ~rote.in (Herbert et al.., 1978). Pindin~~ iroa sev-

eral reports iaplicate apoprotein Cana apoprotein B ~~ 

aajor protein coaponents of ch1loaicrons and apo~rut.ein A as 
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a ainor component of the cb.y .1.oaicron (G~t:.t et al., l~f/~; 

ftil.ler, 1979; ftorrisett et ai., 1975; SteinbE:rg, 1~79). 

Apoproteins A and B originate in the liver (AJ..ic~aan et di, 

19lb) and apoprotein C i.s acqUired by net transfer fro• liDL 

during aetaboli~• of the chyloaicron (HaYbi et al.., 1973). 

Apoprotei.n C-l.1 is neceSScLry for opt.ilia! activation of iipo-

protein lipase at the ~eripheral tissues. The synthesis ot 

the aature cnyloaicron is then ~Jdrolized by lipo~ro~e~n 

lipase which resu.1.ts in a reduction in the ch}loaicrou core 

and concoaitant reduction of the surface area aain~y through 

the loss of surface constituents - apoprotein A ana C pao~-

pholipid and free cholesterol, with BDL probably serviny QS 

a recipient ot th~s& el.eaents. The resul.ti~g particle 1h 

the chyloaicron reanant, containing cho~estero~ ester in its 

central. core and apovroteill Band phospaolipid on its sur-

face (Getz, 1979). The t.rig~yceride poor, cholesterol rich 

chyloaicron reanant ~s then available for turther catabOli.s• 

in the liYer (Gotto et al., 1977). 

c. VLDL Production and aetabo1isa 

The very ~ov density lipoproteins (VLDL) ca-e particle~ 

which Yary fi:-oa 280-7!>0 A ill di.aaeter. Tbeir tlota t.J.ou 

Ya1ues (S) range froa 20-~00 and tloat at uensities bet~een 

0.95-1.00& g/al (Herbert et ai., 1978). The size ot ~he 

YLDL particl~ is directly proportional t.o its t.rig~yceriue 
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content and ~nverseiJ ~roportionai 't.O the protein ~~  ~nos-

pho1ipi4 cont.en (Eisenberg, 197~). Ver1 iov density ~~po-

proteUls contain cUL ~•erag~ of 45-641 t.rigiycerides, 1~-201 

unesteritied cholesterol, 16-22S esterl.fi~ cAolesterol, 

15-201 phospbo1.J..pids alld 6-101 protein bJ veight (lier.Dert et 

al.., 1978). 

The aajor apoprotein coas~ituents are apopro~ein B, 

apoprotein C and 4poprotein B. Apoprotein A exis~s as  a 

ainor coaponent of  the YIJ>L particle (Predric~son et al.., 

1972; SheJ.burne et al., 1974). ~he pr1.aary function oi VLDL 

is to transport endogenously synthesized. triglycerides fro• 

the iiver and intestine t.o adipose tissue for storage (Jac~-

son et al., 1976). After secretion bJ the 1iYer or  intra-

vasculax maturation of J.DtestinaJ. 9LDL, the YLDL are trans-

ported to adipose tissue for  the lipoprotein iipase aeaiatea 

hydroiysis of  its triglyceriae content (Goldstein et a.L., 

1977). 

Fol1oving hydrolysis froa lipoprotein lipase aad the 

1oss of the trigiyceride der~vat.l.Ye of YLDL, the trig1Jcer-

i~e depieated particle (VLDL) aay be furUaer catabo1.ized to 

LDL. The YLDL derivative can &i.so .be r~aoved and degraded 

by th~ i1ver (Jeng et al., 1980). The conversion of ~be LDL 

partic1e i.nvo~ves the 1oss of trig1yceride as ve.li as a ioss 

of  the associated YLDL apoproteins. However, the neviy 
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foraed partic~e acquires an abundance of cbolesteroi ester 

(Getz, 1979). Th~ part.ic~e reaaining in this case is refer-

red to as IDL (interaediate density protel..ll) vnica is ~u.t>s~-

quentlJ conyert.ed to LDL at a site and by a •~han1sa yet to 

be clarified (Goldstein et ai., 1977). The transfo~aation 

of YLDL to LDL inYolYes a loss of aany of th~ constituents 

of the large part.icie VLDL, nut the quant.itatiYe retention 

of apoprotein B (7S-901) aoy suggest a dire<.-t precurso~-pro-

duct re1ationS1lip between YLOL and LDL (Getz, 1979). in 

addition, Yery lov density ~ipoprot.eins can a..t..so be reaoved 

and degraded by t.be liYer after hydrolysis of 1i~oprotein 

lipase (Jeng et ai., 1980). 

:IV• 7!ut Bf feet. ~ Pietary Protein 2a Pla.saa Lipids 

~ ~ipoprote4ns 

A. Bistoricill. overview 

The prevalence ot and disab.i.lity associatao. vith ataer-

osclerosi.s ha.Ye lea re~e2a.rc.bers to search tor t..hose factors 

vhich aay in.f1uence t:he incidence of t.b.e <1isease. In the 

quest for as.::;.ociat.ed factors, d1et has becoae one of the 

focal points of inqui.rJ. 'l'b.e f:irst. c.lear deaonstrauou that 

diet p1ays a ro.le ill t.he d~Ye.lopaeut. of a~b~rosc1eLosis was 

reported a.s ear1J as 1908 DY Ignatovsti. He l.DYes~iga~ed 

the etiects of feeding aniaa.1. products such as aeat., ail.Jt 

and eggs to rabbits and observed t.bat soa~ ot the aniaa.ls 
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d~•ttl.opeo le.sions in the aorta reseabling those ~een in ata-

eroscl.erosis. HoweYer, since aniJaal product.s fed .1.n tbese 

early studies contain choiestero~ and atter it vas snowu 

that at.hei:osclero~s could oe produced in rabD~ts uy feeding 

c.o.olest.ero~ (l.nit.sca~av, 193~), subsequent vor~ concentrated 

on choles~rol feeding as a aethod of producing ex~eri.aeuta.J. 

atherosclerosis and possible effect.s of other dietary coapo-

nents vere largel.t ignored. Subsequent experillent..\:i by 

Beeker and Kesten (19q0,1941) shoved that rabbits fed a high 

protein, cholestexol-free diet witA casein as the source of 

protein becaae hypercaolestero~eaic and deYeloped at~eros-

cleroai.s. These effects vere not observed when soJ be4n 

flour replaced tile casein in t.b.e diet. Tne sot be .. n flou:r: 

al.so appeared to have an inhibitory eftect on atherosciero-

sis produced DJ the addition of cholesterol .illto the diet. 

aovever, these studies on dietary prote.1.ll aade no ~a.st.Lllg 

i.Apression and after the discoYery in 'tile early 19~0•s that 

feeding po1yun.sa.turated fats caused a ~overing of seru• cho-

lestero11eYel.s in huaans, aost oft.he eaphasi.s ~n atJleros-

clerosi.s research was concentrated on the e:tfects o:t d~etary 

fat (carroll, 1975). 

B. Dietary Intake Data and the Association of An~aa1 

and Veg~tab~e Prot~in ik the l>eYeiopaent 

of Coron~ry aeart Disease 
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EYiaenc~ sugyesting a protectiYe role ±or veyetabie 

protein and an atnerogenic role for an1.11ai protein coa~s 

fro• dietary intake data (Conner et al., 1972; Moore et ai., 

1976).  U:iing  product. aoaent correlation co~fficient.s bet-

ween coronary aeart dise~ aortalitJ and aietary intake 

fro• Yarious nutrients, Connor and Conner (1972) vere anl~ 

to deaonstra~e that i.ntake of aniaal protein vas stronyly 

associated with death froa coronary heart di.seas~. Dietary 

intake of vegetable F10tein showed a veak negative correla-

tion. 

aoor~ and co-workers (1976) shoved a strong negative 

correlation between .1.1tta.Jte of Yegetable protein ana the 

extent of ataerscerotic lesions; hoveYer, no association Vcl.S 

found between extent of da.a4ge and intake ot aniaAl prote.i.n. 

Dietary histories were obt.a..i.ne<1 retrospectively by inter-

Yieving spouses of ~~ lev Orleans aen vho bad died of CHD. 

This .inforaation vas then used to calcuia~e average daiiy 

intake of se~ected diet.a.ry nutrieuts a.n.a deterain0 any pos-

sibie association between nutri~nt .inta~es and tae extent o~ 

ra.isea lesions found at autopsy. In addition to the r~~a-

tionsaip found between vegetAb1e protein ana scero~enic daa-

age, crude fiber and to~ai carbohydrate were associated with 

less atherosceroti.c involveaent. ftoreoyer, there was no 

indication tnat intake of total calorie~, total. fat, satu-



rated fat, u»saturated fat, sugar or caoi~s~ero~ v~re 

related to the extent of les~ons found. 

c. Coronary Bea.rt Disease ftorbiditJ aild Jlort.alit) 

.in Sewenth Day Adventists 

.ID addit.i.on to diet.arJ intake data correlatihg protel.ll. 

source t.o the incidence and prevalence of coronary heart 

disease, vegetarians particu1arlJ seventh Day Adv~nt.i.sts 

have deaonst.rated a substantia.ily iover aort.alit.J rate froa 

coronary heart disea..ie in coapari.son to their nonveget.aria.i. 

counterparts. This aay in fact be a.tt.ributed not onl.y to 

protein source, but .lifestJl.e as vell as .Lover intakes c,f 

saturated fat.t.J acids and high1tr intakes of fi.J>rious ••t.er-

ial (Phil.lips et al., 1978). Siailarly, Myner and co-work-

ers (19S9) reported t.J&at. aospit.aJ. ad.aissions of patients 

vit.h coronary aeart disease vere ,01 fever for the Seventh 

Day Aventists aen and 151 fever tor the Sewen~h Day Av~n-

tist.s vc,aen, t.l&us indicating t.hat adherence to a veyet.ari.an 

lifestyle has a prot.ect.iYe role for subsequent. dewe~opaent 

of coronary aeart. disease. 

D. serua Lipids of Veget.arians and •on-Vegeuu:ians 

Froa the earlJ 1950 1 s to the present, resectrchers have 

su&pect.ed that. t.he t.y~e ot die~ary pEotein aignt play a con-

tributing role in th~ deve.1.opaent of coronAJ:J heart disease 

(Bursiea et a1, 1978; conner et ai •• 1~72; aardiugc et al., 

1954; Ruis et al., 1976, Sacks e~ a..l., 197~; Walde~ et a..L., 



19&4; Rost et al., 19bS). Buch oft.he ear1y intoraation 

iaplicat.i.Dg dietary protein l.D the ueveiopaent of atheros-

clerosis caae froa coapar~sons between vegetarians 1ma Don-

wegetarians. cuaalatiYe ewidence indicates that wegetarians 

have iover serua lipids taan their non-we9et.arian counter-

parts. Whetiler the protein aoiet.y in the d.l.et is resi,onsi-

ble for this lipid lovering ef£ect is sUbJect t.o ~oae specu-

lation. Vegetarians a.re kaov to ingest lover intaAes of 

saturated fattJ acids and cholesterol. Thi..s too could be A 

contributing fa.ctor in l.overing of serua lipids. Veyeta.ri-

ans al.so aave aig.ner int.a.It.es ot fiber vllica haYe aiso 

deaonstrated a lipid lovering effect (Burslea et. al., 1~7b). 

Researchers do believe •oveYer, that protein troa veget.ab1e 

sources !Ai in part respoDS:.iJ>Le for lower serua li~ids. 

Early studies of Barc1i.nge and Stare (1~54) deaon5trat.ed 

that vegetarians had lover serua cno1es~erol levels than 

non-vegetariillls. Dietary clllalysis and serua cholesterol 

ievels vere investigated in eighty-six lacto-oYo vegetarians 

and t.vttnt.y-six pure Yeget.arians. TAese r~ul.t.s were coa-

pared t.o values for a control group of eighty-eight. non-

wegetarians. Analysis of dietary intaJte aeaonstrat.ed that. 

vegetctr.i.ans (pure, lacto-owo) had lover i.Jlt.d.Jtes of caJ.oi:ie.::; 

furnished by fat, particu.larl.J ani.llal. fat.. In addition, tile 

non-vegetarians had significant.1y aigaer aietary iotaJtes of 
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cholesterol than did either type of Yegetarian. A~though 

Bardinge and Stare (195') suspected that the prot~~n source 

aight bet.he reason tor the iover seru.a c~olestero1 conce~-

trations onserwed in the Yegetarian group, they attributed 

the lover concentration t.o dietary inta~es of cholesterol. 

In short, t.he autuors believed t.hat higaer niet.a.ry intates 

of cholesterol lead to a coacoaitant e~evation ot ~erwa cho-

1esterol. 

Walden and co-workers (1964) inYestigated serua cho-

lesterol a.s ve11 as serua triglyceride conc~ntrations in a 

lev York City bas~ popa.lation saaple of SeYentb. Day Aven-

tist..s. One hundred and tourtJ-tive Seventh Day Avent...Lsts 

ranging in age fro• ~0-91, participated int.he s~uuy. Data 

vas coapared to that for a noraai. Mev York City popUl.ation 

sa.aple aatched for age and sex. Dietary illtaxe data inai-

cated that the contribution of ca.l.ories froa carbobJdrate 

vas higher in 'the Yeqetar~an group 'than in controis. Purth-

eraore, cal.oxie intake £roa fat was lover in the vegetarian 

saap1e. Likewise, vegetaria.u.s were coasuaing fat~ ~gaer in 

polyuusaturat.ed fatty acids than non-yeqe~arians. J?ro~ein 

intake as a percent of to~al. calories vas coaparable in bot..h 

diets. The aedian lewels for serua tot.a.i choiesterol tor 

both Seventh Day Aventists (SDA) aen ana voaen ve~e iover a~ 

al.1 ages tha.D those of the aen a~d ~oaen in tne Hev tor~ 



City populGtion saaple. Furtheraore, tae aedian serwa totiU. 

cholesterol lewel ot the SDA aen reaches its aaxi•~l YdJ.Ue 

at age 54, soae t~n Jti&rs 1ater than the peak 1eve~ tound 

aaong the lev York CLtJ aen. Bovewer, no ditferenc~ vere 

noted i.D the s1ope and the saape of the curwe reFresent.i.ng 

age serua cho.lestero.l concent.rations vhen voaen were coa-

pared. llben serua tr.i.glJcerides vere exallined, di.tferences 

with respect to age vere noted. aedian Yal.ues for ~erua 

trig1ycerides i.D wegetarians vere .lover taan in aatched con-

trols to age 39 and soaevhat higher therecl.tter. The SDA 

voaen experienced a si.ailar pattern. serua triglyceriae 

concentrations were iover than those of the noraa.l. saap.le up 

to age 47 and slight.ly higher wa.l.ues were noted th~rea1ter. 

lhen age change curYes vere plotted i.Jl t.he two popuiation 

saaples, with regard to serua triglyceride concentrations, 

litt.le dit£erences between the tvo groups were no~ed; that 

is, tbe age ch.nge curwes between the Yegetaria.ns and con-

t.roJ.s were siatlar. 

When the serua lipid walues for subjects in the coro-

nary prone aye range (aen over 32; woaen ower 34 years) vere 

tabul.at.ec1, a coapar.i.son bet.ween the t.vo groups vas aor~ 

easil.J aade. Bed:&.a.n serua tot.al cholesterol lewe~$ ot SDA 

aen 33 years of age vere 13 percent. le~s taaD t.aose of tne 

lev York City population saaple. Bovew~r, t.he aedian ~rua 
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triglyceride value for aale SDA of these ages is 1~ p~rcent 

higher t.Jla.n that of Mev YorK CitJ sen. s~venta Day Aveutist 

voaen over 35 nad aedian serua total cholesterol viLlues 21 

percent lover than aged aatched contro~s. fted.ian ~erua tri-

glyceride leYe.ls in this age range were tbe saae aaong tne 

voaen ot both population saaples. In suaaary, Walden and 

co-vor~er~ (196q) found \.hat serua cholesterol !eve.Ls we~e 

lover in the SUA populat.ion than aatched controls; this 

relat1..0n.sh1p persisted at a.1~ ages. In contrast, 5erW1 tri-

glyceride levels vere ~over in t.Jie vegetarian po~uiatJ..on u~ 

to age thirty-t~ve and were s.lign~J e.levat~d the~eafter 

vhen coapa.red to the non-yeqetarian counterpart. 

In a later study, SeventJa Day lvent.ist.s were also used 

as th~ saaple popu1ation when investigating the serua cho-

lesterol leve.ls in vegetariAns (lest and Haye~, 1908). west 

and Bayes found results coapata.ble vith earlier v~r~ (Hard-

inge and Stare, 1954; ial..den et a.l.., 1964) aone vith Yeg~t.a-

rians. That is, serum cholesterol levels were lover in 

vegetarians than aatchea controls. Kval.uation ot ~utrient 

intake of non-wegetari.ans i.Jldicated. a signiticantl) higher 

intake of tot..a.1 fat, saturated ta~tJ ac~d~, prote~u and cbo-

lesteroi thaa tbe veget.&rian,study popu.la~ion. 

Sacks and co-workers (1975) found si.ai..t.i:l.I:' re~u~ts vitn 

regard to cholesterol concentrations vhen serua ii~ias of 
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vegetarian and uon-veyet.ariaitS vere analyzed. Bowever, in 

contrast tot.he results ot Walaan et ai., 1964, Sac~ and 

co-workers found t.hat serua tri9i1ceride concentrat.ions or 

Yegetuians were lov1:r at al.l ages vhen cOllpared t.o tneu.: 

non-vegetarian counterparts. The sa.11ple consisted of v~ge-

tarians adhering to a aicrobiotic diet and a randoa yrou~ of 

offspring froa the original P'raainghaa study ~ho vere noil-

vegetarians. Tne aicrobiotic diet is essentiall.y vegetarian 

and inc1udes dieta.ry stap1es such as vho1e grains, beans, 

Quantification of serWI fresh vegetables and soy Froaucts. 

lipids and lipoproteins illcludeo: total cholesterol, tri-

Signi.fl..Cant. differences in glycerides, HDL, LDL, and YLDL. 

all p1asaa lip.ids and lipoproteins vere noted vhen veyetari-

ans and contro1s were coapared. Serua trig~yceride~ in con-

trol.sand vegetarians vere 8& ag/100 al and~~ ag/100 al 

respective1y. S.iailar d.l.f:ferences were found int.he il.Dl. 

fraction (7.2 ag/100 al in controls; 11.8 ag/100 ai vegeta-

rians). 

Further eYidence indicating the t,enefici.al ro~e ot the 

vegetarian diet. ca.ae fro• an i~olated case of c1 young ad.ie 

vegetarian (sac&.s et. al.., 1975) • During a.d..oerence to the 

aicrobiotic aiet, nis YLDL f4action vas e1eYai.ed to ~2 

ag/100 al and he vas c~assified as having tJp~ III hyperli-

poprotei.neaia. Be vit.JlQrev troa tJle Yeyeta~i~ diet and 
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subsequent.1.y upon ~urt.her e~asinat.ion, ~t vas foun~ t.nat hi~ 

VLDL had aar~~d.Ly increased to 78 ay/100 ai and ~£ig~yc~r-

ides were elevated to 199 ag/100 al. B~ re~uaed tne v~etd-

rian diet and his YLDL as well as serua triglycer.1.u~ te~l 

subst.antiallJ. The authors concl.uded on tne basi:;; ot the 

results tro• Ule st.nay and t.Jlis isolated ~a.!:;e that adherence 

to a vegetarian diet had beneficial. effects vith regard to 

plasaa lipids and li~oprot~ins (Sacks et ai., 1975). 

Blood lipid ievels in one hundred and eignty-three SDA 

adolescents were exaained and coaparea to a free ~~ving 

population ot adolescents fro• the generol Austraiiian popu-

iation of Sidney (Ruys et LL., 197&). Significant dl.ifer-

ences in serua cholesterol concentratioiu:; e~ted netween 

the two groups. Vegetarians exhibited ~over serua cho~est-

erol concentrations than did cont.rol.s. l.n iiddit.1.on vegeta-

rian& exbl...bited lover but. not significdnt~y lover serwa tri-

glyceride concentrations t.ha~ controls. 

Bursl.ea and co-vorKers (1978) invest.igated t.ne s~x:1111 

lipid, lipopioteiDs and apoprotein Levei.s of sixty-e~ght 

vegetarians .i.ivi.119 on a fora in Tennessee and coapared tile 

findings to a aatched set of control.s. !lean total chol.est-

erol, HDL and LDL ievels vere lover in vegetarians than in 

controls. Alt.hough veg~t.aria.Ds had I.over triglyceride con-

ceDtrations (82 ag/100 al) than controls (95 ag/100 ai), 
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this did not reach statis~~cdl signitica.nce. The very Lov 

density ii~o~rotein tra~--t..i.on vas lover .:ui vegetarians, but 

again thi.s did not reacn statistica.l sign.i.1:icance. aor~-

oYer. apuprotain A ana apoprotein B were also iover in vege-

tarians. Although BDL conceatrations vere lover iu vegeta-

riaJL.l:i. the HDL to apoprote.l.D A rat.io va~ high retl~cting an 

enhanced binding of cholesterol by the W>L apoproteins 

apparent in vegetarian plasaa. in addition, the researche£s 

found a st.roDg neqative relationship between the RDL and 

triglJceride concentrations. The authors concluded on tae 

basis of these re~ts t:.hat vegetarians are in a ~over risk 

category for developing coronarJ heart di~ase (Burs~e• et 

al •• 1976). 

In suaaary, resec&rchers have continuitl.iy tound that 

Yegetarians hove lover serua caolest.erol concentrations tnan 

their non-Tegetarian counterparts. &oveYer, conf~icting 

results have been obserYed vhen plasaa triqLyceride concen-

trations have been coapared between vegetarians and aeat 

eaters. ~he~her t.he lover conc~ntrat~oa ot plasaa cho1est-

erol and t.riglycerides are a~tr~but~d to iower intdkes of 

saturated fat and caolestero1 as opposed ~o the tJ~~ o~ pro-

tein is stil.i subject to auch aebate. 

1. Effects of Aniaa.l and Vegetable ~rotein 

on serua Lipids 



Based on the evidence tha~ veget.ariallli have ~ower ~erua 

lip~ds than non- vegetarians. retiearcners J>egitD to so..;pect 

that the lipid lovering effect aigbt be attributea to tne 

protein in tae di.et. Based on this preaise. several ani•a.1 

and buaan contro.J.l.ed experillents were l.lltia'led t.ba1. coapa.red 

the effacts of feeding aniaal versus v99et.aDl.e protein on 

aerua lipid levels (Anderson et al., 1971; Caapbel.l. et a~., 

19b5; Baail.ton et ai., 1974; Reves et al., 1980; Walker et 

al.., 1960). 

Ba.aiiton and Caroll (1974) investigated the ~ifect~ ot 

feeding pmteins fro• various pl.ant iUUi a.niaal sources to 

rabbits fed a iow-fat. choiesterol.- free, seai-syn~hetic 

diet. TheJ consi&-tentl.y found that diet.arJ prot.e~n~ iroa 

&Jliaa1 sources tended to be aore hypercho~e&-t.erolea.u: t.n~n 

those froa piant sources. in contrast, leves et a.l.., 198u 

fail.ed to deaonstrate anJ difference in serua cholest.t!rol 

concentrations with rats ted either pure 01: crude plant !Jro-

teins cuapared wit.a pure and crude aaiaal. p~oteins. Trig~J-

ceride leYel~ varied 1ndepe11de.11tly of tbe die~ary ~ource. 

Buaan studies that i.nvoive coaparison of plant and ani-

aai protein have shown cOllf~icti.ng res\U.t.s. Wal.k~r and co-

workers (1960) were able ~o deaonst.rate a ~ignificant iover-

ing of plasaa cholestero1 when piant protein replaced aniaal 

protel.ll in tae dil:!t.s of 12 young vo•en. Tae study vas 
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designed to te~t the difference in seru.a lipids between 

individuals fed tvo dietary protein sources (aniaai and veg-

etable). Sources of vegetabie proteins included rice aill-

caroni, wheat cereals, oat cereais, leguae:.. and soy powder. 

lniaal protel.DS included uncreaaed cottage cheese, sAia 

ailk, veal, turkeJ and fish. The protein content of ~ae 

diet averaged ~5-~ graas or 8 percent of calories. Tne 

diet.s vere iden~ica1 in al.l dietarJ coapone~ts except tor 

the source of prot.ein. Covaria~e analysis shoved at tne end 

of tvo weeks illld tive veeks serua caolesterol ot t.Be sub-

jects recei.v.l.llg tae veget&D~e protein diet vas signifi.cantiJ 

lover than in tho£e eating ~he animal. protein diet. 10 sig-

nificant differences vere observeu between t.he tvo groups 

vith regard to tierua triglyceride ievels. Thus, tae 

researchers conclude4 that replaceaent of veget.a.Dle protein 

for aniaal. protein in the diet of heal.toy young vuaen lihoved 

a lovering ot serua cholesteroi concentrations. 

Caapbel.1 and co-workers (1965) studied the ettect of 

t.ae kind of proteins on serua 11pic1s bJ coaparing a diet 

contaJ.Bing vheat gluten a.13 ~he chief source of nitrogen with 

a diet con~Gining an isonitrogeaous &aount of a aixture con-

taini.Jlg casein and ldct.ctisuain as a re¥~•ce•ent for the 

wheat gluten. The Yegetable and aniaai p~oteins were each 

tested in d~et.s with an a.ssortaent of ~ats naYing a 1~ per-



~1 

cent iinoieic acid content for one period of the s~uay and a 

40 percent li~oie~c acid conteut for another period. A 

cross-oYer design vas utilized ruitt each dietary tr~at.aent 

last~d tventJ-fiYe days. The result.s indicate t~at no 

differences existed l.D serua cholesterol or triglycerides 

between indiYJ.cluals on the tvo dietary t.reataents. Thl.:i 

situat.ion persisted whether th& diet contai.Ded 12 percent of 

lino1eic acid or~ percent .linoleic acid. 

Anderson et ai. 1971, inYestigated tae etfect of feed-

ing a 120 graa protein diet to eleYen aal.e Yolunteers. 

Sixty graas of the protein caae troa either wheat gluten 

serwing as the Yegeta.ble soQrce or egg white serYi.llg as the 

aniaal. source. Diets were ident1cai in al.l. respects except 

for the t,Jpe of protein. Blood lipids were anal.Jzed Lbe 

last day of treataent. The aean serua cholesterol leveJ. oi 

i.ndiwiduals fed the gluten diet. vaa higher DJ 4 ag/100 •~ 

t.han in those fed egg white diet but this difference vas not 

stat.isticall.J signi£icant. Siailarly, •ean serua triglycer-

ide leYe1 was 92 ag/100 ai for egg vhite treat.aen~ illld 84 

ag/100 al for the vh~at g1uten diet.. ~hus, aea.n s~rua tri-

glyceride leYel. was higher bJ 8 ag/10U al when the aen were 

eating the egg vkite diet but l~e serua cholesteroi, this 

difference did not reach statistical. significaDce. Tne 

researchers concluded tha~ changes ui the prot~in content oi 
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the d.a.et are of no particu~ar yaiue in deDigning uiets for 

the reduction o:t serua cholesteroi. 

P. The Bftect of Peeaing Soy Protein on Pliitiaa Lipia 

Levels 

1. Ani.aal Bxperiaents 

The hypocholest.e~oleaic e£fect. of soy nas 

aroused the interest. of aaay researchers. Interest begdn to 

grov iLS a result oft.he early work of Hovard and co-vor~ers 

(1965). They ouserved a hypercholest.ero~e•ic effect ~n raD-

bit.s fed a lov-fat, iov-cholesterol diet. However, vnen soy 

protein replaced ca6ein iD t~e uiet., serua cholesterol 

decreased signi.ficanUy. Xn addition, exaainauon o:t the 

aortas deaonstrated sudanopbilla vith the Cd.Sein diet. How-

ever, no gross suda.nopai.lia was observe4 in rabbits fed ~he 

corresponding diet containing soy proteia. 

S1.nce t.he discovery bJ Hovard and co-workers i.n t.he 

1960•s, researchers have sought to investigate the effects 

of feeding soi under severa..i. experillental. conuitions (Car-

roll et al., 1979; Puaaga.LJ..i. et. a!., 1978; Hovard~~ al., 

1965; Buff et al., 1977; Kia et ai., 1978; •a9at.a et a.i., 

1980; Nagata el ai., 1981). inYestigat~ons by Huff et a.l.. 

(1977) deaonst.rated resul.ts ~i.ailar t.o those of Hovard et 

al.. (19&5). Huff et al.. (1977) found the saae hJpocholest-

eroleaic effect. in rabDits fed s.oJ diets. :In add1t.ion, 



oth~r pl~nt prot.e~ns deaoustrated the saae cholest~ro~ ~ov-

ering etfect. ftoreoYer 1 when a 1:1 cas~in:so1 diet. was fed 

it a.Lso lowered serua cholesterol. A 3:1 casein:~oy diet 

deaonstrated ~ saailer lovering effect. Upon turtner 4lla~y-

sis the researchers aypot.hesized that the differing e~tects 

of casein dlld soy protein isolate could be due t.o <1i.ff~r-

ences in their aaino acid coaposition (carroll et al •• 

1979). In an atteapt to re~ol.Ye this quest.ion, feeding t.ri-

ais were carried out either with enzyaat..ic digests of the 

proteins or a.ixtures of tJie aal.llo acids siauiating the aaino 

acid coaposit.ion of the protein. Enzyae hJGro~y~ates gave 

siailar resuits to thos~ obtained with t.he intact ~rotei.n. 

SiailarlJ the aixture of the aaino acid corresponding to 

.intact casein deaonstrated identicdl resULts to tbose 

obtained vith the .intact prot.ein. BoveYer the feeuing of a 

aixture ot aaino acids corresponding to soy protein isolate 

resulted in a soaevhat higher leYel of plclSaa chole~-teroi 

then uid the intact protel.D. (<;arrol1 et al., 1979; Huff et 

ai., 1977). 

Puaagdlii (1978), also using rabbits, deaonstrated 

siailar results. Six rabbits were fed a. sequence of these 

diets: l.aboratorJ stock. diet., a seai-puruied diet. cont.ain-

ing 25 percent ca~in, a.Dd a. sa.:u.ai: diet in vhicn soya bean 

aeal replaced casein. on CA&D9ing fro• the stock chow aiet 
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to the casein, the plasaa cholesterol rose ~our to~d after 

sixte~n veeKs, but tel1 ~ percent after tveiYe ve~ks on tbe 

soy diet. Ba1ance studie::. shoved that re~~aceaent of casein 

with soya aeal in the sellipurified diet causea a.n increased 

fecal. excretion of stero.l..s; bOVeYer, bile acia.s vere unaf-

fected by the three dietary treata~nts. 

Kia et al. (1978), working vitb swine, vere anie to 

deaonstrate a hypocho1estero1eaic respow;e of SOJ as coa-

pared to casein ewen in the presence of a high f4t c1.11.d high 

CAolesterol intake. A series of three 01peLiaents ver~ 

undertaken. in a1.l. instances svine fed a aash diet ~rYeQ 

as controls. In the first experiaent swine were fed d 

high-fat, hi9h-choiestero~ diet vith protein coal.ll9 eiu.e~ 

froa soy or casein. Serua cholesterol leYels vere s~gIU.fi-

cantly higher in aniaa1s fe<1 casein than in taose fed t.Jle 

soy diet or .la.1> aash diet. in the second experiaeat, ~vine 

vere fed a high-fat, higb-cholestero~ diet vi~b 4 1:1 aix-

ture of casein to soy. Ai.t..hough fluctuation and aore Ydria-

tion were obserYed iu serua cho~esteroi leYld.ls, aean concen-

tration of serua l.holesterol vas lo~er when 1:1 casein soy 

diet was fed in coaparison to the casein fed group. Tne 

third experiaent incorpor~ted the addition of aethionl..lle to 

the soy diet. This was done because soae scientists attri-

bute the hypocholesteroieaic etfect of soy diets to aethio-



nine deficiency. Again, soJ diets whether supplea~ntea v1th 

aethiuniJle or not, resulted in a si9nificontlJ !ower serua 

choiesterol coacentra~ion than did 'the casein (Kia ~t .i.., 

1978). Throughout the experiaent, cholesterol balanc~ vas 

exaained. Tae researchers visaed to inwestiyate vnich per-

aaeters of cho~es~rol balance were al.tered bJ the soy pro-

tein ~roduct t.o account for Ule a1terea. effec~ on ~erua cbo-

lestero1. Whole body cholesterol synthesis, caolestero~ 

absorption, and biie acid excretion deaonstrated no sigD..Lfi-

cant differences .between gr<aups. ~he authors hypothesize 

taat the differenetis in serua caoiesterol aay be attriJ>u~a-

ble to the aaino acid coapo~ition, dietary ~i.ber or the 

saponin cont~nt present in soy (Kill et al., 1978). 

Magat.a et al. (1980) exa.ined t.he in.f.luence ot soy 4Dd 

casein diets ill rats in the presence ot d~fterent daounts of 

fats. When rats vere given diets containing aaize oii. at ~o 

graas per ki..lograa ot body weight, the concentration ot 

serua choles~erol vas the saae tor both dietary treataent 

groups. BoveYer, vhen the ~ietu:y fat leve1 vas r~duced to 

10 graas per JU.l.ograa of body veignt, SOJ protein produced a 

&ign1t~cant1y 1over serua cholesteroi ievei than the cctSein. 

Trig1yceride changes vere independent of 4ietary treataent. 

J.ater, lagata and co-•orkers (1981) exaained the effect of 

an aaino acid aixture that si11ulated soya beiW protein or 



casein on serua choleb-t.erol. LDL. HDL tractions a:i V@iL as 

serua t.riglycerides. T.b.e aaino a.c.i.d aiit.ures were sup.E'le-

aented vith .lysine or arginine .ua order t.o aake tne argi-

nine:lysine ya.Lue int.he nitrogen sources ident.icai. 

Difterences in t.ae nature of diet.&rJ nit.rogen sour~es 

(eit.her as int.act proteins or aa.ino acid a.J..Xt.ures) <1i<1 not. 

cause changes int.he conoent.rAt.ion of serua t.riqlyceri<1es. 

The addition of specific aaino acids t.o the diets Qis~laJed 

no adclit.ionai effect. on these iipid coaponent.s except. for 

the increase in serua triglycerides of rats 9i•en diets co.n-

tainiDg soya bean protein or a si.aul.at.ed uino ac.i.<1 aiit.ure 

supplemented vit.h lysine. Both soya bean prottsin and its 

siau.lat.ed aaino acid aixture exhibited a aypocho~esteroleaic 

effect. by coaparison with t.he corresponding casein diet. 

Xn suaaary. studies with aniaaJ.s ha•e consist~n~iy 

deaonstr&.ted taa.t feeding soy protea l.overs cilo.a.est.ero.l.; 

this effect aay be attributed to the increased fecal. excre-

t.ion of st.erol.. Soae inYest.igat.ors belieY~ that. tne hypocb.o-

l.est.ero1eaic effeL-t. o~ soy aay oe due to ot.Jler d~et.arJ coa-

ponents contid.Ded vithin t.ne soy product vhica incl.ude fi~r 

or saponi.n. St.ill.. ot.aers cont.end that t.Ja.e aaino acid coa-

position aay oe responsible tor the effect. Bazyae hJdroly-

sates of soy displaJecl identical. re.iault.s to that. ot: the 

intact protein; hoveYer. t.he seroa dloiesteroi 1overing 
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effect was decreased vhen an aaino acia •ix.ture correspona-

ing to tJ:le aaino acid pattern of soy va.s i~d. .111 a.dd.2.t.1.on, 

aethionine deficiency has been proposed bf soae to ~xpiain 

the hypocnoiesteroleaic effect of soy. However, ~n feeding 

trials vith svi.ne, aethioni.ne supp1eaent.ed soy b.ad 110 ~ffect. 

on the cholesteroi lovering ~roperties. 1D the presence ot 

other nutrients such as fat, soy loses its cho1esteroi lov-

ering properties suggesting soae .interaction betve~n t.he 

protein aoietJ ana fat. 

lltbougJ:l soy prot.ein exert.s a ciaol.este.col. lovering res-

ponse in anuaa.l.s, inve.stig4tions have deaonstrated that 

serua trig1yceride concentrations are uaaifected vaen soy 

replaces casein in the a~t. 
2. Buaan &xperiaents with soy Prot~in 

Researchers hAe sought to study tAe etfect of 

feeding soy in huaans based on the resul.ts obtainea vitb 

aniaai experi9ent~. Studies involved nora4l heaitnJ indivi-

dua.ls (Carrol.1 et al., 1978: Hodges et al.., 19b7; van RaaJ 

et al., 1981), inctividua.ls with aJ...l.d1y e.l.e•ated cho:lest.ero.l. 

(Shorey et ai., 1981) and tilose that nave been c1assii:ied as 

ha•ing type Ii hyi,er1ipoproteineaia (Descoulcb et. a.i., 1980; 

Sirtori et a.l., 1977; Si.rtori et a.l., 1979). Hodge~ dnd 

co-workers (1967) vere a.bl.e to deaonstrate a c.tio~esterol and 

triglycer1de lovering effect vhen vegetab1e protein, pri.aar-



ily froa soy. was fed to six pr.i.son J.naAt.es. 

ti.on ex>nsisted of four experiaental. periods. 

The .investiga-

Throllgh.out al.l 

t.reat•ent periods. Yeget.ao1e protein rep1aced aniaai protei~ 

in the diet and the P/S ratio reacdned constant at 1.u. 
HoveYer, ca.rboaydrate source varied (siap~e, or ,oapleI) GS 

vel1 as 1eire1 ot fat (151 or 4~1) d~ing the treat•ent per-

iod. Significant. changes were obseryed in the serua cnoles-

teral. concentrations. These changes seeaed to persist 

regard.less of fat 1eYei or source of carbohydrate. BoveYer. 

serua triglyceride 1eye1s vere aore responsiYe to changes in 

dietarJ source of c&rbohyd.r&t.e and fat.. in the presence of a 

1ov fat. diet (151) vit.h starch as the car.bOhJdrate source. 

seru• t.rig1ycerides fe11 significant..ly .be~ov baselihe ieYel.s 

(160 ag/ 100 t.o 133 ag/100). Waen sugar rep1aced $taJ:ch as 

the carbOhfdrat.e source iD ~he iov fat diet, ~erua trigly-

ceride rose t.o 208 •g/100 a1. When fat vas increasea t.o 4~ 

percent of ca:Lorie intake and st.arch was the carbohJd£ate 

source. serua triglycerides fe~l to 88 ag/1UO al; however, 

when sugar rep1aced st.area in t.he presbnce ot a a1.911 fat 

diet. triglyceride:; .si.gni:fJ.C4Bt~J increc&Sed to 211 ag/100 

ai. 

l.n suaaary. Hodges and co-workers (19b7) founa that as 

soon as Yegetable protei.n replaced aniaa.l proteiu. serllll 

cao1e&terol. ~eYels d~creGSed aarkedlJ and reaainea lov 

regard1ess of source of carbohydrate or leYel of fat. Seru• 



trigl1c~rides vert: aore r~ponsive to d.Leta.ry ooui:ce o:t car-

bohydrate, risiny vith sucrose and fallih9 vita st~reh. 

AlthougA the level of fat did affect. triglyceride ieve~s. 

the source of carbohydrat.e was the doainant. factor. 

~ased in Xt.aly, Sirtori and co-workers (1977) we.re abie 

to deaonst.ra~e a sighificant decrease in serua cho~e~tero~ 

concentration in patients diagnosed as haYing type II hyp~r-
-

lipoproteineaia vhen soy replaced a.Diaal protein in t.Jie 

diet. 'l'vent.y pat.ient.s participated in t.he study; all were 

diagnosed as haYillg type XX hyperll..poprot.einea~a and were 

adaitted to tile at!t.abolic ward. for study. A crossover 

design vas util.ized in vhich eleven of the tv~nty pat..1.euts 

consuaed a lipid lovering diet firs~ (low tat, iov choles-

terol) and tne soJbean diet second. The ot.aer ten pat.ient.s 

received the soybean diet first. and the l.i.pid lovering diet 

second. Diets vere identicai vith respect t.o carbohydrate, 

fat and P/S ratio. Sixty-two peicent of prote.l.ll caae troa 

either aniaal or soy frod.ucts. Bach die~arf treataent 

lasted three veeks. Besw.ts indicate taat. soybean d.1.ets 

giYen before or after the 1ov fat die~ significauL.1.J 

decreased serua cnolestero~. The aean decrease .l.h serua 

chole::.-tero.l J..D t.he presence of a soybean di.et va.s J.1 per-

cent. Plas•a trigiJcerides were ~.1.gnJ.ficantlJ decreased by 

both diets. Hovewer, the ditf~Lence vu~ greater vhen ~he 



60 

oOJbean diet Wi:1S given fi.r~t (217 ag/100 al to 180 ag/100 

al). OYerall, plasaa tri9l1cerides were slightly decreased 

by both diets, during the first dietary period and t.enaed ~o 

stabilize during tae second. In ail instances pld~aa tri-

glycerides vere decreased aore on the soJ.beil.ll diet tit.an on 

the lipid lovering diet. al.though this difference vas not 

significant. in a second part of the exper.i.aent. eigh~ ~ub-

jects classified as aaving tt~~ iI ayperlipoproteineai.a vere 

recruited to investigate t~e effect.s of addi.Dg ~00 ag of 

cystal.line cholesterol to the soy diet. In effect, the 

researchers wanted to verify t.aat t.he lipid loweri.ng proper-

ties of the soy diet coul4 not be att.ribute4 to the low 

cholesterol content ot t.he diet. Bere agcli..n, a crossover 

design was util.ized and soy diets vere identical in fat, 

carbohydrate, and prote.l..ll. Five hundred ag of cno~esterol 

were added as one of tae diet.arJ treataents. The add1~ion 

of cholesterol did not influence ei~er the rate of decrease 

or the serua caolesterol concentration. The fi.ndi.llgs of tbe 

second experi.aent support t.Jle contention t..b.~t t.he chol~s-

terol iov-=ring effect of soy protein i~ ind~pendent of ~he 

lipid coaposition of the diet. Tbe authors conciude thdt 

replaceaent of soy protein tor ABiaai ~rotein aas o benefi-

cia1 effect. in the treataent ot type Xl hypcr.lipoproteineaia 

(Sirtori et al •• 1977). 
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Ca.rroll et al. (1978) found siailar results in s~rua 

cholesteroi concentration, but to a ie~ser ~xtent, when soy 

protein replaced ani..al prot.ein in the (ij_e~b of hea~tny 

Joung voaen (9S decrease~ pla~a cholesteroi concentra-

tions). The study ran for seventy-three days, during whicn 

a aixect diet coutiU.Jling 70 percent &nillal. protein was fed 

for tventy-four days. Soy products replaced aniaAl produc~~ 

during the second phase of tae eiperiaent vnica la~ted thir-

ty-six days. Subject~ returned to a aixed ~rotein diet for 

the conclu~ihg thirteen days ot the eiJ:>eriaent. Tne ~lasaa 

cholesterol ~eYe~ deci.ined during period 1, reaained r~ia-

tiYelJ lov during period 2, and then shoved a det~nLte 

in.crease dur.l.Jlg tne second vee~ of period J. Proximate ana-

lysis re•ealed that po1yunsatured fattJ acids were hign in 

t.he soy based diets and choiesterol vas ~O ag higher in tne 

ai:z.ed protein diets. Consequently an:i change in serua chol-

esterol concent.rat.ion co1LLd haye b~en due to a hiqn~r P/S 

ratio and 1over dietary choles~eroi content in tha soy diet. 

HoveYer, the authors contend that the difference vou.ld not 

be predicted to raise the leYei of pla....;aa cholest~ro~ by 

aore than 4 ag/100. The results, therefore, aia not rUie 

out the poss~i1ity taat diet.ary p~otein aaJ haYe been par-

tially responsible for the lover 4Verage Vla.Sa4 chol~terol. 

Subsequent..ly, a second exFeriaent vas aesigned to correct 



for the dietary differences ~ound between the tvo yrou~s-

That i.s, soy diets vere suppleaented with cystaliiae cho~e~-

terol so that cAolesterol content of bot.A die~ary treataents 

was identical.. 1n addition, the P/S ratio was co~rect:.ed in 

the soy diet, sot.hat each die-t. was equiyaient in pol1un~a-

turated fat to sa~urated fat ratio. A ~-rossoYer d~sign was 

used for the second experiaent and diets were ideutica.l to 

the first vith the corrections aade. Analysis of Telriance 

shoved that t.Ae level of p1asaa cholesteroi was signl.ii-

cant1y higher on the ani.aal. protein diet coapared to tae soy 

protein diet. Plasaa triglyceride concent.rat.i.ons vere unaf-

fected by the dietary changes ranging fro• individual Yalues 

of 47 ag/100 al - 95 ag/100 al in the first study aud &7 

•g/100 •l - 10& ag/100 al in the second s~udy (Carrol..l et 

a1., 1978). The researchers contend that the relatively 

saall resl>(>nse to changes in dietary prot.ei..11 and ~ts subse-

quent effect on seru• cholesterol is not iDcoapat...Lble with 

t..he ~arger change~ reported bJ Sirtori et al.. (1977). That 

i.s, hypercholesteroleaic individuais aay shov a greater res-

ponse to cilRnges in diet.ary ~roteins. in a4di~ion, tJie 

authors of:fer a possib1e explanation that aay heip to clar-

ify the obserYed di.ff~renceD between th~ tvo diet4rJ treat-

aents; contending that the rates of cho~esteroi 01iaat.ion 

and turnover are faster Vhen soy protein aiets ar~ tea (Car-

roll et al., 1978). 
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.In a 1979 rel'()rt, Si.rtori suaaa.rized data fro• a 

previous investigation (Sirtori et al.., 1977) and coaparea 

results vith results obtained froa a aore recent study. 

Previous investigations fro• type I1 hyper1ipoproteJ.lleaic 

patients shoved that feeding &OJbea.n di~ts lowered serua 

cholesterol and taat t.h.i.s relationship persisted even vith 

the &Qdition of 500 ag of choiesterol (Sirtori et al.., 

1977). Of the seven patients fed the high P/S d~e~ first, 

total. cholesterol decreased by 21.41 and I.UL choiesteroi by 

25.51. & saal.1. decrease in triglyceride 1evel.s and an 

increase iD YLDL 1eweJ.s were noted but t.hese changes aid not 

reach statistical significance. 

Svi~ching froa the hi.gh to the low P/S regiaen caused 

cho1esterol to increase vita concoaitiUlt increases in the 

LDL fraction. JLDL a1so increased (bJ 17 ag/100 al), signi-

ficantly above pre-treataent level.s. The owera.ll results of 

the inpatient studies (Sirt.ori et al., 1977; Sirtori et ai., 

1979) deaonstratecl taat the soybean diet exerted a hJpocho-

lesterolelli.c effect in aost patients vhatewer pro~ocol was 

fo1l.oved. 

The owera11 data froa the forty-two patients stud~eu 

indicate taat three veeks uf soybean protein diet yave a 

aean tota.l cao1estero1 decrease of 19.4 p~roent. Lov den-

sity l.ipoprote.iD cholesteroi decreased by 20.9 percent and 



YLDL decreased by 9.3 percent. ChQnges in seru. trigLycer-

ides of the tnree protooo.l.s deaonstxated aod.ast changes. 

When the data vas coilapsed and an~lyzed according to 

phenotype of hyperlipoproteineaia, type X~ B (serua trigly-

cerides eleYated aboYe 180 ag/100 al and. YLDL exceeds 40 

ag/100 al) shoved a siynificant decrease in t.ne YLDL frac-

tion. Although triglycerides decreased 25 ag/100 al vnen 

patients vere on the soybean diets, this did not reach sta-

tistical sigaificaDce. In contrast type l:I-BIJ:X (concoai-

tant eleYatioas i.n YLDL aad LDL) shoved significan~ 

decreases in serua cholesterol concent.rations while on the 

soybean diets, but. no significant. changes vere obsenect in 

the YLDL tract.ion. The authors conclude t.aat. t.reataea~ vita 

the soybean diet. is an effecti:l'e regi.aen tor inducing a -,ig-

nifica.nt cholesterol reduction in type IX patients re~rac-

tory to standard lov lipids regiaens (Sirtori et u., 1979). 

PU.rt.her e•idence indi.cat.i.Dg a possible role tor soy in 

the t.reat.aent of ay~erlipoprotei.Jleaia coaes fro• outpatient 

studies .l.ll Svit.zerland (Descovich et aJ.., 1980). Anuaal. 

products in the diet were rep1aced bJ a t~xt.ured vegetable 

prot.eia product.. Bet:ore the init.i.a.tion of treata~nt, 

patients vere fed a lov l.ipiQ diet. Baseline val.ues of 

serua cholesterol and t.ri.g~yceride ver~ coapared ~o t.l:'eat-

aent l.eyels. Serua cholesterol shoved a 19 percent drop 
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froa .i.nitia.l values. Reintroduction of. tae an.uaa~ }!rotein, 

lov-fat diet resu1t.ed i.n a progr~s:;;iYe rise iD pl&sllil t.ota.J. 

cholebtero1. serua triglycerides aecrea.sed during t.r~at-

aent. However, this wa.s not statistical.l.y signiticant. 

Regression aa&l.ysis coaparing pretreataent p.l&s11a cho.l~s-

tero.l 1eYels with cholesterol reductions bUggest t.nat 

patients vith a aoderate degree ot hyperchoiesteroieaia res-

pond ve.11 to soy protein diets. 

Shorey et al. (1981) working vith aildlJ hJperchoLest-

eroleaic subjects vere unable to deaonstrate a unique aypo-

cho1esteroleaic effect of subst.it.ut.ion of soy for aniaa.l 

protein. The diets vere identical. iD cholesterol. cont.ent. 

(200 ag caolesterol), fat., and carbohydrate, P/S ratio was 

aainta.i.ned at 0.4. SixtJ-fiwe percent of protein ~n the 

diet caae either froa ani.aa.1 products or soy prodo.ct.s. l.JU.-

tial p1asaa cho1~$tero1 and t.rig1yceride concentrations were 

coapared to treat.llent. leve.ls. subjects co1u.uaing an aniaa.J. 

protein diet es.hibiteci a lb percent decrease in serua chol-

esterol, whereas those subjects vho consuae<l the soybean 

diet shoved a 13 percent decrease. Plasaa triglycerides 

increased significantlJ on the soy diet froa 80 ag/100 al to 

14S ag/100 al. Partial correlati.on coetficients tor the 

difference in blood Yalues between illitia~ and e1periJllental 

diets reYealed that cnanges in piasaa caolest.erol were aost 



bb 

strongly a.ssociated vith dietary tat ane1 cho~esterol and 

chang~s in triglyceride vere affect.ed bJ change in dietary 

carbohydrate. The authors conclude that. the hJpocnolest.ero-

1.eaic response to both ania~l And soy proteins suggest~ that 

dietary factors other t.han source 0£ protein vere o~rating. 

Xa explaining the conf1ict.ing resul.ts coapa~eu to those ot 

Sirtori et al. (1979), Shorey and co-workers (1981) po~tu-

lated t.hat. Sirtori et. al.. (1979) used seYerely hJfercholest.-

erol.eaic indiYidual.s which voul.d deaonstrat.e a greater res-

ponse to diet.arJ changes than aildly hypercholestaroleaic 

individuals. Secondl.J, auch of Si.rt.ori et al. (1979) a.ate. 

vere obtained using diets vi t..h nigh P/S ratios. Shorey ane1 

co-workers (1981) used P/S ratios int.he experi.aental diet.s 

t.JLat were not significa.nt.J.y different froa Uaose int.he nor-

aal. diet.. I.t. is possib.l.e that changes in the P/5 ratio and 

protein interact. 

Yan Jaaij et a1. (1981) were not abl.e to deaonstrate 

aay apprecia.bl.e change in total. serua cnol.e~-t.erol concentra-

tion when soy and casein d1et..s were coapared. but changes 

did exist in the l.ipoprotein tractions. 5eYenty-six sub-

jects participated in the tai.rty-eight daJ study. A.l..l. sub-

jects consuaed a. control diet. consisting ot a 1:1 ai%'t.ure of 

casein and soy for ten days. During the te~t perioa ot 

tventJ-eight days. subjects Mare diYidtid into t.hrea groups 

aatched for ~ex and initiai serua choieBterol concentr~tion. 
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Grou~ X contin.ue4 to receive the 1:1 casein:soy aiitur~ 

(Cassoy). Group lX received. a diet in vh.i.ck sixty-five per-

cent of the proteUl caae fro• casein. Group III received a 

diet in vhi.ca soy replace«.1 the casein p~-otei.a. Pooa recoras 

and cheaical aD&iysis i.Ddic&ted no differ~ces oetveen the 

experiaental. diet with respect w carbo.b.yarate, tat., cao.1es-

terol or i::iber. During t.he cassoy control perioa of ten 

days, ser1111 tot.al cholesterol concentration decre~ed 

slighilJ in all. groups. Bo apprecia.bl.e caange in serua 

cholesterol was revealed in sUbjects on any of the di.ets 

during the experiaea't.al perioct. Likewise, the casein group 

nor the cassoy group shoved no change ia lii,oprotein frac-

tions. Bovewer, LDl. decreased and BDL .i.Dcr~ased ~11 the soy 

group. Very lov density lipoproteins shoved no signitican~ 

changes during th~ test. period (Yan Baaij et al., 1981). 

Bovever, vaen duplicate portions of the sa.ae diets vere ted. 

to tv-u.ve lev Zealand vbite rabbits the casein aie~ resuited 

in aucb higher serua cholest.eroi concentrations tnan aid t.be 

soi diet. The aut.b.ors of~er ~•er.i ex~la.i.nation~ as to t.lle 

differences obtained in the resu1ts. 

Significant differeDC8S v~re noted in the raboit res-

ponse tot.he soy diet in coaparison tot.he nuaan response. 

Yan Raaij et al. (1981) contends that huaans are ies:.. ~nsi-

tive to changes in dietary proteins than i:ll:e rabbits, thus 

in part accounting for the differeat respon&es. 
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Coaaenting on Sirtori et ai. (1979, 1981) re~ult.s, fan 

Baaij et al.. (1981) .be1ieYed tha~ tne differing couc1usions 

could be explained bJ the lipid status ot ~he two popuLation 

saaples. Sirtori et al.. (1977, 1979) useQ hJFercno~estero-

leaic sUJ>jects whereas Yan Raa..ij used nora&l. i.wiiYi<1ua..ls. 

It could be t.hat uoraal cholesteroleaic subjects ct.re L~ss 

sensit.iwe to changes in dietary protein. ,~n BaaiJ con-

cluded that although total serua chole~t.erol did not change 

vhen soy 1>rot.ei.n d.i.ets were fed, signiticant. differences 

were obtained in the I.DL and liDL tractions suggesting ~he 

pos.s:i.bilitJ that soy prote:i.n facil.it.ates oeneficiai cbci.D.yes 

in CJiolestero~ lipoprotein fractions eYen in the presence of 

a constant tot.al serua cho.i.esterol concentration (fan Ra.aiJ 

et al., 1981). 

:In suaaary, soy protein a.iets aave deaons-trated o iov-

ering of serua cholest.erol. Marked. decreases have been 

obserwed iD individuals vho are already hJpercaoie~tero-

leaic, a.nd saall. but significant differences have been noted 

in noraa1 aea1thy indiYiduals. One st.udJ reYealed t.hilt 

a1thouqh tota1 serua chole$terol did not b1gnific4n~iy 

cha.nge during t.be ~eat.aent period, alterations in the 1~po-

protein frac~ions (LDL, HDL) were eYident. Ou the vho1e, 

serua triglycerides and Yl.DL haYe tihovn sacti.1 and insignifi-

cant changes in t.Jie presence of soy protein diet~, and see• 

aore responsiYe t.o t..b.e carbohJdrat.e cont.ent of the diet. 
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Researcners aave att.eapted t.o exp~&in the fac~ors 

responsible tort.he ~erua choies~erol ioveri.ng pro~er~ies oL 

soy. These inc1ude Aaino acid coa~ositiOn. aet.hionJ.De con-

tent. g.lutaaic &Cl.d• fiber and sapollin conT.ent. Purt.nt!r 

research is needed to explain t.he exact roie soy h4S ib 

choiestero1 aet~bo1isa. 

G. The Effect of Feeding Bilk. Protein on Pl.a~aa 

Lipid Levels 

l.Diti.a.11.y proapt.ed by investigations dea1in9 vita. ora1 

cal.ciua suppl.eaent.ation, ail.It and Jogurt b.aYe also been ibO-

lated as tact.ors which reduce serua cho.leb-terol. 

Bierbaua illld associates (1972) found taat th~ i.nyestion 

of t.vo graas of suppl.eaent.al. di.et.ary cal.ciua car.&>onate o.aily 

over a period of one year by ten hyperlipide•ic pa~ients 

caused a significant decrease in serua cholesterol. af:ter 

subjects bad shown stable level.s fort.he previous year. • 

decrease ill t.riglycerides al.so uccoapanieu the fa.U.. in choi-

est.erol, but this va..s not statistical.iy siyniticanT.. 

During feeding trial.s vitn daas&i warriors. aann a.nd 

co-investigators (1974) observed that. large int.akes of fer-

aented cov•s ail.~ caused iow leve.l.s of serua cholest.eroi to 

go even lover. TAis occurred. uespi.te weight gain and intake 

of 960 ailigraas of cholesterol i~ the eight .L.l.ters ot 

yogurt the aen consualKl dai~y. Serua trig1ycerides concen-

trations were not aeasured in the st.Udy. 
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Hova~d (1977) and co-vorkers suppleaent.ett diet~ of 

sixteen volun't.eers with. llilJt. Half of 'the group consuaed 

suppl.~enta.l. uounts of who.le ail.k and the other g1.oup con-

suaed suppl.eaental aaounts of ~kia ailk. Serua trigiycer-

ides and cb.ol.esterol values were taken at baseline, v~eL 

one, week two and fol.l.ov-up. 

At the end of three weeks, t.here was a fall in serua 

cbol.esterol. in both groups. However, the skia ailg group 

deaonstrat:ed a greater decrease i.n concentrations of serua 

chol.estero.l t 15S f a.1J. in ski.a ailk, SI faJ..l i.n vho.le ai..l!t) • 

Trigl.yceride YalUt!S did not shov any reduct.1011.::i, in either 

exper.iaental diet. 

Later, t.he same inYestigators exaained the effects of 

ski.a ail.k po11der, yogurt, l.actose, .leicestershire cbee:;e, 

creaa anQ butterfat on serua c•ol.estero.l (1979). The great-

est decrease ill serua caol.esterol. was found i.n those i.ooivi-

dual.s fed ski.a ailk. The decrease Vi:ls related to t.ae aaount 

fed. Yogurt produced a siail.ar change. Lactose and cheese 

shoved no significant hypochol.esteroleaic effect. Butterfat 

and creaa increased serua cholesterol.. 

Depner (1979) studied the effect of a.l.Ut products on 

serua cholesterol and trigiycerides using suppleaenta.J. 

aaounts of pasteurized yogurt, non-pasteurized yogurt and 21 

butterfat ai.lk. Serua cho1esterol. vas significantiy reduced 
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by 51 to 101 after one veeK of suppleaenta~ion wit.a either 

type of yogurt. The two perc~nt butterfat. ail~ reduced 

serua cholestero1 to a saal.l.er less si9nificant ae9ree. 

Serua triglycerides were unaffected bJ the diet. 

Bore recently, Bossauru and co-vorkers (1981) were able 

to deaonstrate signi.fi.ca.11t differences ill serua choles~er~l 

and triglyceride concentrations .in young •~n fed e~ther 

creaa, yogurt or ski.a ailk. Subjects aaintained tneir nor-

aal. eatiny patterns during tae treat.aent. period except that 

they consaaed suppieaeutaJ.. aaounts (two liters) of either 

ful.1 creaa, skia a:u..k or yogurt. serua tota~ cho1est.eroi 

fell througaout the experiaent.bi period only in subjects fed 

the sk.ia ai.1.lt. The yogurt and full creu groups aeaon.s-

trated an initial rise i.D cholesterol leYeJ.s during the 

first. t.vo weeks. Yalues fell t.o base1i.ne lewel.s at. the end 

of three weeks. These changes in serua caolest.erol could be 

correl.at.ed vita aiipropri.ate changes i.n dietary total. fat and. 

cholesterol int.ate accounted for bJ the dl..ffer.in.g ~ipitt coa-

posit.ion of ail.Jl products. Lov density lipoproteins feli in 

the stia aill group be.l.ow .oa.se1ine .leYel.s. Lov density 

:Lipoproteins increased i.a tae Jogurt ana. tul.1 creaa groups, 

but !jie total cholestero!, LDL returned to baseline ~ewe.ls 

at 1:Jle end of t.Ja.ree wee.ts in Ue yogurt and crea• groups. 

In the yogurt and fu11 creaa ai.lJt groups, changes in HDL 
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cholesterol qenerally para1ie.1.e<1 total cholesterol 4nd cou.ta 

haYe accounted for a large proportion of 't.A~ variation in 

tota.l cho1esterol. This novever was not apparent in the 

ski• ai1k group vnere the fall in totai cho~e~teroi va~ 

accoapanied bJ a rise in BDL. 

Serua triglycerides dropped significa..nt..i.y fro• Dil.bell.lle 

leYe1s of 131 ag/100 al to 99 ag/100 al at the end of trea~-

aent for the sJtia ail.k group. Xndi.Yiduals .in Ule :tul..l creaa 

group deaonst.rated equiya.J.ent effects in serua tr.igiyceriae 

leYe.1s. Values in ta.is group decreased fro• 123 ag/100 al 

at basel.ine to 100 ag/100 a.lat treatent terainatiou. ln 

the yogurt group a transcient ~ignificant rise in ~riglycer-

ide 1eve1s (fro• 96 ag/100 al. to 142 ag/100 al) vas onserved 

after one weeJt. Tht!Se leYe.l.s fe11 below treat.aent leYels at 

the end of tile experiaental. period. The re.searcher~ postu-

lated that the eleYat.ion at week one of t.rea"aent aay have 

been due to the increased consuaption of r4i!f.1.lled carbOhyd-

ra.te. 

The authors contend t.bat. the general. trend toward low-

ered serua triglycerides in the ski• aiik And fuli crec111 

group as ve11 as the Jogurt group aay be aue to the sa•e 

spontaneous diet&rJ adaptations responsible for the fall. in 

serua lipids during the basel.ine week. :If is difficult to 

ascribe it to any Fro~ertJ of tne ail~ product.s us~d since 
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t.he fdll in triglJcei:ides cont.inned after stopping atl~ sup-

pleaenta.tiou. 

AD interesting finding wast.he apparent ~ability ot ~DL 

cholesterol vhich fell durilly t.he basel.l.Jle weeks a1ad ro::;e 

transiently on all a.1.ll proa ucts, but a ore so in t.be f UJ.l 

creaa ailJt group. This rise could be at.t.r.il>ated "t.o tile 

total. serua cholesterol Yax:iation of the diets as v~l.1 as 

t.he differing P/S ratios. BY~n so, ailk irre~pect.i.ye of fat 

content. aay ~roaote an increase in HDL concentrations. 

:In suaaarJ, taere nave been fev h1111an studies 't.hat. ha.Ye 

investigated the ef:fects of feeding ailk protein Ul.ider cont.-

rolled aetabolic conditions. Bost ooat.roJ.l.ed studies have 

dealt vith calciua suppleaent.at.ion or ai.lk suppieaent.ation 

of diets in an uncontrolled situation. on the vhoie, •iiX 

pi:oteins ha.Ye deaonstrat.ecl a cho~esterol lover:i.ng effect. 

This effect seeas to parailei the fat content of the aiLk 

product. That. is, sJlia ail&., as opposed t.o 1u1ole a.1.ll pi:o-

duct.s, has resulted in larger decrease~ in serua choles-

terol. Serua t.riglJcerides nave deaonstrat.ed lit.t~e caauge 

in the prese~ce o~ ai1k proteilui. ADJ difference~ in oerua 

trig1yceride concent.r~~ions see• to be attributed to the 

carbohJdrate content of t.ae diet. 

B. Lac~ of Studies oa Egg lhit.e Peedillg 

and Serua Lipids 



74 

The research tocusing 011 egg white protein and .1..t~ sU1>-

sequent effect on se~ua lipids is honexi.stent. 



ftATBB:IALS ABD BBTHODS 

:I· Bxperiaeµyl Design 

Tlrenty-four healthy aales bet.ween the ages of 18-28 

vere assigned to one of three treataent groups. The ~W>-

jects were fed diets of siai.lar nutrient. coaposit.ion; •ov-

ever, diet.Ary prot.ein source vas varied oet.veen groups. Ail 

group~ received~ vegetarian diet clS the ba.sai di~~ provid-

ing 100 gra.as ot protein. Group A received 7~ graas of pro-

tein froa soy products and 25 graas froa non-t.reataent 

sources. Group B received 75 graas of protein fro• nonfat 

dairy products; t.he r~aainiBg 25 graas caae troa non-t.reat-

aent. sources. The third group (Group C) received 75 graa.:.i 

of protein fro• 899 vlu.t.e anu 2~ g1:aJ1s troa 11on-t.raa t.aent. 

sources. 

The subjects vere assigned to groups bill:ied on plasaa 

tot.a1 cholesterol vaiues and bodJ veigh~ aeasured prior to 

the study. This ••s done bJ first ra.D.Jting all cao.lest.erol 

values froa highest to love!:»t dDd dividing t.hea into eight 

groups of three. Using a rando•ized b~ock design, subjects 

were assignea t.o a t.reataent group, sot.hat. average choles-

terol. l.eYel and weight. were initially t.he saae in eacn. 

treat.aent group. 

7~ 
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The ~'"t.udy ran for six conoecut~we weeks. The t.1.rst 

four weeks involved teedin~ Wlder control.ied uiet.4rJ coLai-

tions. During th.1..s periOC1 al.l subject.s vere requ.1..rea to eat. 

t.hree aeaJ.s per ddJ, seYen days per vee~ a~ the aeta.bOJ.ic 

unit of t.he Departaent. of Huaan Kut.r1.t.1.on ana Foods. On.l J 

food and drinJt prepar&d and serYed at t.he unit vere pera1t-

t.ed. Coffee, t.ei1 and aon-nutr:itive beverages were a.l.luveu 

ad .libit.ua. Occasional.1y, vhea possibie, bag lunches vere 

carried out. for t.lie convenience of .bOt.h the subject.s a.1u1 

staff. Duri.Dg the f.1.f:th and sixt.h weex.s (fol.l.ov-ut») t.Ae 

subjects vere al.I.owed to resuae their ind.1.Yidudl. nora.u. die-

tary Ila.bits. SubJects vere request.eel to adhere to taeir 

noraal. patterns of pbysie&.l. actiYit.J throughout. t.ne st.uay. 

'l'Vo 60 al and fiYe 45 a.l blood saaples vere drAvn froa 

all subjects during t..b.e course ot t.ile study. An .1.n.1.t.1.a.l. Al~ 

al bl.ood saapl.e Vcili required for screening det.era1.nations. 

A 60 al saapie vas taken the aorning of the first experi.aen-

t.a1 breakfast.. The other 45 al. saapl.es •~re taken at veetly 

interva1s for four consecutiwe weeks. The finai biooa sAa-

pl.e of 60 al was drawn 2 veeks iii:t.er t.erauia.-i.ion ot ti.le 

experiaentai period. 

BodJ ve1.gat.s vere recorded weekly. Lo.iSes .:w b<>dy 

weight duJ:ing tile experiaent.al ~er.1.0d vere adjosten for bJ 

adding extra calories as coaninations ot bread and aargcSiine 
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to the diets (see Table 1). Veexly detera.1.nAt~on~ of p.la~a 

t.otal triglycerides abd YLDL were pertoraed. l scheaatic 

diagraa of tae experiaenta.J.. design is ti.bovn in Figure 1. 

x:i:. kecruit11ent 21 !Al@ Sub1ects 
Posters and flyers proYiding basic .1.~toraat..1.on about 

the st.uay were placed t.aroughout. acadeaic a.DU recreational 

buildings on t.he caapus of Y .i.rg inia Pol.ytec.1uu.c J:nst.it.ute 

and state Uniyersit.y (Appendix A) • Persons vish.1.ng t.o .learn 

aore about t.he st.udy were requested to call tAe Departaent 

of Buaan Butrit.ion and Foods for further det.ai..ls. J:nforaa-

tion concerning the study was giwen dur.LDg t.he ini't.~a~ t.e.le-

phone contact. In addition, inforaat.ion concerning exercise 

le•el, heigh'l, weight. and saoting au.its VilS el.1.c.1.ted during 

the conyersation. Due to the .iarge influx of ca.J.l.:i ana ~be 

need to ella.inat.e subJect.s, i1:. vas necessary 't.o o.bt.a.in this 

inforaat.ion l..ll t.be ea.r.ly st.ages of recruitaent.. :Indeed, 

saok.i.ng and aigh actiYity ieYels vou1d introduce extraneous 

Yariables into the study ~aat. voul.u not. be cont.roi~ed to~. 

Furt.heraore, noract..l veight .i.ndiYidud..ls were need~d for the 

subject. popu.l.at.ion. Therefore, height an« veigat aata vere 

necessary to select a hoaogenous group. Tae ~etropo.1..i.tan 

Life Insurance tables were used as a reference in detera.1.n-

ing noraal body weight for height. (Appendii B). 
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SUBJECl'S WERE FED 75 GRN-18 OF PIUI'EIN FOCM 
EI'IHER s<:N, tm-FAT DAIRY POODOCTS OR a:;c;... 
WHITE UNDER aNiroUED D:IE'mRY roIDITICNS 
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Analysis of plasma total triglyceride am. VIDL-triglyceride con-

centrations. 

FIQJRE 1. A schematic diagram of the exper.ircental design. 
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J::I:I. Screening gt Subject.:; 

Based on t.b~ initial. t.elepaone contact., indiYiauals 

vere requested to coae to an orientation aeeting. A 

detailed writ.ten exp1a.Dation of the st.udJ vas given 'tC> each 

subject (Appendix C) • Participut.•s responslJ>il;,.t.ies con-

cerning adherence t.o t.he diet.ary regia~n and scheduling ot 

blood saaples were aJ.so discussed. Subjects were aware of 

oblig4tions and accountabi.l.i.ty in being st.uaJ participants. 

SeYeral diff~.rent questionnaires were disseain4t.ecl 4t 

the orientation aeeting vhich served as screening devices 

for deterainiDg e~gible candioates for the study. The 

Pre-Experiaenta.1 Quest.ioDJlaire (Ap~endix D) elict.ed inforaa-

tion concerning faaili.al. hist.ory of cardioYascul.ttr dist:!a~e 

as veil as hyperlipo}lroteineaia. Quest.ions pertainJ.Dg to 

diagnois of hypergiyceaia and diabetes ae.l..litus were aiso 

included.. Use of aedicat.ion or suppleaent.a.l Yit&aillh was 

deterained. Saoking and drug habits vere assessea. Purt.h-

eraore, in.£oraation regarding food al.lergies vas requested 

froa subjects inasauch as al.lergies aight. haYe interfered 

with the dietary reqiae. The ezperiaental. design necessi-

t.at.ed that subjects be in town fort.he duration o:t Ule 

study. Therefore, a question concerning traYe~ pi4DS vas 

also included in 'Ule pre-ezperiaenta.1 questionnaire. 
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Secondly, a Yooa Prequency record (Appendix E) vas 

given to ~ch potent~a.l. s\lbJect in order to ob~a.iu inforaa-

tion regarding eating habits as vell as food iikes a.nd dis-

likes. Conswaption of a •noraal. Aaerican diet• vas a crite-

ria for el.igibl.e candidates. In addition, a twenty-four 

hour food recal.i vas used. to aore c1ose1y exaaine dai~y tood 

intu.e (Appendix 1') • 

An exarcise and actiyity 1eYel questionnaire (Appendix 

G) vas used to assess LeYel of physical activity ana aerobic 

exercising. The questionnaire deterained int~nsitJ, dura-

tion and tiaes per v~ek the subJect engaged in di.t:ferent 

activities. Three s~ecific activities vere used to c~ass.1..1:J 

each subj~t based ou exer~se level: 

1) running or j09ging less thaJl 1S ailes per veek 

2) sv iaaing less than 2 hours per v~ll 

~) eye.Ling (Dike) iess than 30 aile~ per veek. 

Based on t.ile tbree questionnaires, individuals vere 

e1iainated as pot~tia.l subjects ii: they: (1) i.Daicat~d a 

faaily hi~-t.or1 of hea.rt disea.1>e, (2) had hJperten~ion or 

diabetes, (3) indicated a weekly routine of strenuous exer-

cis~ (jogging• bui.Jlg, or .svi-ing in c:1.aount.s grE:ater tJ1en 

those described above), (q) nad body v~~gnts under or aboYe 

101 of the i.uecll. veight.s for taeir sex, age, heigh~ accord-

ing to standard weight/height tables, (S) ~ere cigdret.te 
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saokers, (b) habit.ua~lJ con~uaed al.coholic 1>everages cula/or 

recreatiunai drugs, (7) indicattiO a disliAe or a~l~rgy tor 

food tbat const.itut.ea. part of the studJ aenu, (~) pl.anhed or 

anticipated being out of town for aore t.hilll 24 hours ~uring 

t.he study. 

Those sul>ject.s vho vere el.ig.i.bl.e x:eceived a p.bJsica.L 

exaal.llation by a physician eaployed bJ the Student. Health 

Service of Yirgini.a. Po.l.ytechnic :Institute and Stat~ Univer-

sity (Appendix H) • Heaat.ocrit and heaoglobi.a 1eYel.s were 

deterained by finger prick (Appendix :I, Appenaix d). Morad~ 

Ya1ues for heaatocrit and aeaoglooin ve1.-e t.uen to be 

401-541 and 14-17 ga/100 •l respectiYely (Sauoerlich et al., 

1974) • Prese11ee of glucose in t.he uri.De vere det.erlll.llt:Mi by 

co1oraetric grid Waing a dip and read test.a Pina.l~J, .::.erua 

total. cholesterol yalues vere d~terained. Those 1.11Cli.vidua.l.s 

vho had va1ues no less thu 120 ag/100 al. ud no aore uan 

220 ag/100 al vere eligib1e. Trigiyceride deterainations 

vere not perf:oraed during screeniag ADd, therefore, did not 

ser•e as eligibility criteria. 

xv. Description~ stu!1;f Part.icipants 

icoabistJ.1 by .hies I.a1>0rator1, Division oi ~i~es Laboratory, 
Xndii:llla. 
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Porty-four aales participated in 4).1 of the screening 

procedures. Bighteen were e~iai.nct6!d. as potentiai sunject..t:;. 

Of thOtie persons el.igi.ble, 2ij Yo1unteered to pai:ticipate in 

the study. All were required to proYiae signed consent 

prior to parLicipat.ing in the study (Appenaix K). 

Twenty-four noraa.l-veigbt, non-saoki.hg aal.es between 

tae ages of 18-28 were selected to participate in tae aeta-

bo1ic study. Mone indicated a faal.l.ia.l. h.1..S~ory of caraio-

Yascular dis~. with tbe ezcep~on of one sUbject vho had 

an uncle vho died of cardioT~scu1ar disease. The stuay 

popul.ation vas coliSidered to be •sedentary•, but in good 

phJsical. heal.t.JI. Blood. &nal.Jsis reYea...le<l noraal neaog~0D1n 

and heaatocrit ieyels (Appendix L) and cb.o1estero1 vili.ue& 

between 120-220 ag/100 al (Appendix 8). Furtberaore, diet 

histories indicated. taat study participan\.S reguiarly con-

suaed a noraal Aaerican diet. 

v. coaposi\top and feeding .Qi Diets 
Three sets ot diets (A,B, iUld C) each consisting ot 

four dai1J aenus vere prepared to aeet t.he objectiwes o~ 

this ~-tUdJ (Appeaaiz 5). The diets were si.ai1ar ~D fat, 

protein, carbOhydrate, cho~esterol and polyunsaturAted to 

saturated fat ratio. The only difference between ~ae diets 

vas in the protein source. aenus 1, 2, 3, and 4 (A,B,C,) 
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vere served consecutiYely everJ four days~ tJlat the~ aenu 

cycle~ vere repeated .seven tiaes throughout the study. Al~ 

treataent groups received tae saae pro~ortiona~ distribution 

of 151 protein, ~01 CHO, and 35S fat. Choiesteroi content 

vas kept con~tant for all treataent groups at ~00 ag p~r 

day. The cholesteroi source vas egg yo~k. Each uay, all 

subjects consumed two egg yol.k.s providing approx1.11ately ~00 

ag of choiesterol. 

The po1yunsaturated to saturated fattJ acid ratio (P/5) 

vas adi.Dtainecl at .4 daily. The P/S rat.io was obta~n~d bJ 

diYiding tile graas of saturated fatty acids into t.a~ graas 

of linoleic acid (Guthrie, 1975). 

Calories to aaintai.n bOdJ weight were kept at approxi-

aatel.y 2800 ~cai, a.l~houg~ adjust•~nts in intake v~re aa.~e 

if subjects deaonstrat.ed a significant change in boay 

weight. That is it subject.& began to lose or gain ve.i.ght 

consistent.l.y, additional cal.ories (276 kca.l or 5~2 kcai) 

vere provided. 

A 100 gram protein di.et was usect ~or a.11 t.reataeut 

groups; 7~ g~aas of pro~ein caae froa the treataent source 

and 2~ graas caae troa non-t.reat•ent sources. Group A 

received a vegetarian diet consisting ot 100 graas of pro-

tein proYiding 7S graas of prot~in froa soy products (soy-

ailk, soy granuies, soJbea.n curd, textured wegetao~e pro-
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tein) ~nd 25 graas of protein froa non-t.reataent ~ources. 

Likewise, Group B received a vegetarian diet containing 100 

graas of protein; 75 graas of p~otein caa~ froa nonfa~ aairy 

products (yogurt, skia ail.k, low-tat cottage cheese, ~ov-f~t 

cheadar clleese) illlQ 2~ graas caae froa non-t.reataeat 

sources. Group Cal.so receiYed a vegetar.J.An <1i.e't containi.11g 

100 graas of protein; 7~ graas ot protein <2ae froa egg 

white (1iquid, fresh or powder) and 25 gra.as caae froa ~he 

non-treataent sources. 

l.11 the diets vere nutritional.1y coa~lete; that is, 

theJ 111:!t or exceee1ec1 the &Ubject.s• 1·equireaents for ca.l.ories 

and essential nutrients as established by the Food and 

aut.riti.on Board, •ational. Acadeay of Sciences - Ba~iona~ 

Research council. (197'>· Tae nu~rient coaposit.i.on of the 

diets vere calculotea according t.o vaiues li~ten in the Pood 

and Agricu1t.ure Handboo~ 456 (1975). A part.ia~ list. is 

SDOVD in Appendix o. 
~ter the second week ot the experiaental period, 

eitner 276 or 552 calories as coabinatiions of Ho•an Beal. 

bread and ParkaJ aargari.De (Appendix P) were added t.o ~he 

diets of elewen subjects because of bodJ veig ht .l.o~s. These 

food iteas vere chosen to add extra calories without signi-

ficantl.y altering tile cal.oric distribution aaong protein, 

carbohydrate and fat and P/S ratio (Append.J..X Q). Appendix R 
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indicc1tes the aYeLage daily nut.rients consuaed per oWlject 

according to treca.t.aent. groups. All. foods vere veigued to 

t.n.e nearest t.ent:h of a graa t.o insure a.dequate control.. The 

food it.eas sened during t.he 4 daJ cycle aenu vere .kept. as 

neaL·ly identical. as possib.le between t.reat.aent. grou.i,s. ,:b.a"L 

is, siail.ar non-treataent sources of protein vere serv~d and 

ent.ree it.eas conta..ining a. l.arge proportion of the t.reataent. 

sources of protein vere siail.ar in coaposit.ioD, except tor 

the t.reat.aent. source itself. Pood iteas and the qudllt~t.ies 

(in graas) served in aii diets are shovn in Append~1 K. 

£.1.1. treat.aent diets throughout the 28-daJ study were 

prepared, veighed and served in the aetabolic b.t.cntm of t.Ae 

Depart.aent of Bu.an autrit.i.on and Foods. Jlegul.ar aeaJ. t.iaes 

were established for .breakfast, lunch and dinner. A.l..l sub-

ject:s consuaed their iood at. tae 8et.abolic unit except for 

snacks proYided to th~ or t.&Jte-out lunches. Co~fee, tea, 

water ana non-nutritive beverages vere alioved ad iibitUJI. 

Pood froa each days aeau•s vas noaogenized daily anu a~i-

quots froa each t.reat.aent diet were taken tor prox~aat~ ana-

.lysis. l'ercent aoist.ure, percent ash, percent. tat and graas 

of protein were deterained for 1 four day cic~e. 

YI. Collection All!! Prepar4t.ion 21 Blood Sa.aples 



86 

Subjects vere inforaed of the iaport.ance ot tabt.iny 

12-14 hours prior to a~l biood .saapling. Biood &daples were 

drawn by a licensed aed.ica:t t.echnologist bet.wt!en 7: 00 a1ui 

8:30 a.a. Kul.tiple sample needles (21 gauge, 1 incA) ana 1~ 

al yacutaillers containi..ng solid di.sodiua et.hJl~nedi~inetet-

racet.ic acid (EDT•> vere used at all t.iaas. once the Yacu-

tainers vere fi.iled, blood was proaptl.J and thorougb.l.J aixed 

by gentle iDYersion oft.he wacutainer. Yacuta.iner~ vere 

labeled and placed in vet ice. 

Within one hour after coll.ection, plasaa va~ separated 

froa cel..ls bJ l.ov speea cent.rifuga.t:ion at. roo• te•!Jerature 

for 30 ai.nutes. Plasaa vas reaoYed DJ pipet.ting and stored 

in 7 a1 storage Yial.s. liter an aliquot. of pla.saa vas 

recoYered for total chol.est.erol. and triglyceride aeteraina-

tions and for separation ot BDL, the reaainillg pla~aa vas 

refrigerated at. 40 c and prepared tor ult.race~t.r.i.tugat.ion 

within 30 ainutes. 

vi:x. Plasaa Total tri9lxceride »et.er•ill1tion 

Triglyceride deter•ination was perfollled using a co~o-

riaetric procedure in waica the saapl.e is pu:titioned bet-

ween acidified isopropa.nol and u-heptane. The t.riglJcerides 

are sel.ectiwelJ extracted in~o the heptane Layer; thus, 

leaving the aore polar phospaolipids in tae isopropallol 
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la1er. Hydrol1sis oi t.he triglycerides froa an a~iquot 01 

the aept.ane iayer foras free fatty acids IUld glycerol. The 

glycerol J.S oxidized to foraaldehyde and forai.c acid. The 

foraaldehyae is condensed vith acety1acetone in tae presence 

of aaaoniua ions to giYe d yellov dihydrolutidine derivdtiYe 

which is tJlen aeasured spectrophotoaetrica1ly. 

Reagents for the assay vere prepared bJ STAMB102 laoo-

ratory and detailed elsewhere (Appendix S). La.boratorJ pro-

tocol. set fort.a. by STAMBXO was tolloved. 

A. Preparation of working standards: 

¥our standards, for triglJceride <leterainatioL Vdr~ 

prepared using 10 al Yoluaetric flasks and tot.al ileliv~ry 

glass pipets (1al, 2al, 3a1, 4ai). Standards vere prepared 

by adding the stock trigi1eride standard to edcb ot the four 

Yoluaetric flasks. one, 2, 3, and 4 al of stock triglycer-

ide standard was deliYeritd to each appropLi4tely la.beLed 

Yoluaetric f~as~, each fla.fa vas tJaen brought up to Yoiuae 

vith isopropyi alcohol. The f.las~s vere gently inYerted to 

aix contents and refr.1.gere.ted at. 40 C vb.en Dot ill use. 

B. Extract.ion of non-polar lipids 

iith a cal.ibrated Eppendort pipe~. 2.0 ai oi extrdct.1.on 

reagent and 4.0 ai ot acid alcoho1 rea~ent were delive~ed 

into clean 16 x 100 •• screw-cap tubes • .bacUy O.!» al ot 

2STAJJBXO Laboratory BSC Triglyceriae Test Kit. Texas. 
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water vas delivered into the b1an~ tubes and O.S •i of each 

ot t.he triglyceride working standards was added into the 

standard tubes. Then .5 a1 of saap1e vas delivered into the 

approprl.Ately labeled sa.apie tubes. Wat.er (O.S •~> vas 

added to the b.lanx. tube and each of the saap.le t.ube:.». They 

vere capped tightly, vortexea for l~ seconds and centrJ..fuyed. 

at half speed for 3 a1llutes. Water (0.5 al) vas ddded to 

t.he standard tubes. Tae stanaard tubes vere t.Aen ca~ped., 

vortexed for 15 seconds and centrifuged at halt speea ~or 

three ainutes. 

c. saponification of Extracted Triglyceride 

Tvo tenths of a aloft.he upper heptane layer was 

transferred froa t.Jie ext.raction ~Ubes t.o a second £et of 

tubes. Taen 2.0 a1 of vork.l..ng sapoJU.fication reagent vere 

addea to each tube. The contents of tne tubes were aixea 

well with a vortex and a.J.loved to stand tor 5 ainutes at 

rooa teaperature. 

D. Oxidation and Color Deve.lopaent 

One a.l of oxidizing reagent vas adaed t.o each tUl>e. 

one al of the color reagent •Ali then addeu to each tube. 

The tllbe contents were aixed bJ yortex tor 15 seconds and 

al.loved to incubate at 100 c for 10 auut.es. The 1.ubes vei:e 

allowed to cool for 3-4 ainutes and standards ana saaples 

vere read against the blank at ij25 na in 12/115 •• cuyettes 

in a spectrophotoaeter. 
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E. Coaput.ation of Resu~ts 

The absorbance values froa the ~pectrophotoae~er were 

converted to triglyceride concentrQt.ion values (ay/100 ai) 

froa l.ineax: regression curYes using the four stanaaLd solu-

tion absorbance values. 

YII:1. Quantification 2!, !Y!k 'triglycerJ.de 

A. Separation of lipoprote.i.ns by u.lt.racent.rit ugati.on 

Plasa& .tractl.ons 1u.1.h c1ensities less t.nan 1.00b g/111. 

contal.Ding YLDL or grect.ter tnan 1.006 g/111 containing LDL 

and BDL vere separated by a sing1e u1tracent.J::J.fuga.l spin in 

a Becgaan preparative ul.tracentrifuge (aode~ LS-7~b)3 

according to the LBC procedure (1974). 

B. Preparation of saaples for ultrocentritugation 

The saapl.es were a1loved to va~• to rooa t.eaperature 

(23 C). Using class A pipet.s, 5 al ot pl..asaa ver~ deliv-

ered into the cel.lulo.se nitrate tubes spec.if:ica11y used for 

ultracentrifugation spin~. Sal.in~ (0.15 al) (.02~ ED'.lA, 

pH=7) was delivered into the centrifuge tubes on top ot the 

plasaa layer. The tubes vei:e capped ana pl.aced in a pre-

cooled rot.or (S0.3 TI) and the saaples were centr~~uged tor 

18 hours at 100 cat 40,000 BPB. 

c. Preparation of tne Ultrac~ktrafuye Fraction 

•Beckaan Instruaents, Cali£ornia 
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Fo~luv~hy the 16-bour s~in. tne rotor vas allowed to 

stop or siov down tor 30 ainut~~ without using the bra~e. 

Each tube vas slowly and 9ent..ly reaoYed fro• the rot.or usillg 

the extraction tool.. The caps vere reaoYe<i us.l..llg a cap 

wrench instruaent. Tube caps were gently reaoyed bJ s~u.i.n.g 

al.ong the edge of the tube to reaove any lipoprot~.i.n adher-

ing to the underside of t.b.e cap. While hol.ding the ca.p oYer 

a saal.1 beaker. approxiaatelJ 1 al of saline vas used to 

wash the cap of any reaaining l.ipoprotein. Cap washings 

vere added to 5 al woluaetric flasks. A 5 al syringe vas 

used to reaowe approxiaately 3 al ot the ~~pernatant fro• 

the original. ceat~ifuge tubes and d1..spensed into a 5 al 

yoluaetric flask. foluae vas orought to 3 al vitb sa.Line. 

During week 1 a.nd week 5. a 60 al blood saaple vas ta~en for 

each subjtet. Ult.racent.rigat.ion protocol. vas iden~ica.l dur-

ing this spin; hovewer. 3 al of the supernatant va~ u.sed i.n 

addition to approxi.aat.ely 2 al of the clear zone. l.n ettect. 

total ,rol.uae for this spin vas 5 a.1. Tbis is t.be zone 

beneata the YLDL fraction. on allot.her vee~s. that is, 

week 2. 3, 4 and fo1iov up. the cleiir zone vas discardeci. 

The vo1uaetric flasks vere stoppered and cont~ut..s *ixed 

by gent.l.y inYert.1.ng the flas~s. The YLDL fl.ul.d vas trans-

fered to labe.led 7 a.l storaye vials a11d frozen at -.;too c 
until further analysis. 

D. Deterainatiou of Trig~ycerides in YLDL 
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The triglyceriaes present in the tLDL fractioI! were 

deterained bJ tile saae proceaure used for deterainiug tri-

glycerides in serua described preYiousl.J. 

n. sta tis ti.cal. I.pal.ts!&? 

ftean plasaa total triglycerides and Yery low density 

lipoprotein triglyceride Yaiues vere expressed as ag/100 ai 

concentrations. A tvo vay anal.ysis of Yaria.nce aode! was 

used to deteraine if differences existed in triglyceride and 

YLDL values between treatllent.s and vitAin treataents across 

vee~s (Harvey, 1976). The 1eYel. ot significance was set, a 

priori, at 0.05. When significa.nt ~ferences were found, 

Dunn•s test tor aultiple coaparison (Roscoe, 1969) was u~ea 

to det.eraine tae exact location of differences. 



RESULTS 

1. SUbiects 
General. physical. charact.erist..1.cs ot the i11div1.dua.1. sub-

jects a.re listed in Tabl.e 1. Subjects ranged in age froa 19 

to 28 yea~s old vit.h a aean of 23.5 ± l years. Tae average 

weight of the study part.icipant.s vas 72.7 * 9 kg. Bean 

height of the subjects vas 177 i b ca. 

None of the subJects were cigarette saokers. 1-vo had 

indicated that they had saoked prev.1.ous.ly; however, t.aese 

two subjects stopped saoki.Dg at. lea.st. one Jear before the 

st.udy period. 

Inforaat.i.on on the pre-experiaent.a.l ques~onnaire ~n<li-

cat.ed t.Jlat a.i.l subjects were in exceJ.l.ent hea.lt.h. only one 

reported a faail.J history of heart diseas~ (uncl.e died ot 

heart. attack). lone oft.he subjects were taking prescribed 

aedication prior t.o or during t.Jae experiaent.al. per.1.od. 

Those vho were taking vitaain/ainera1 supp.leaent.s prior to 

the study were asked to discontinue the.u: use duri~g t.he 

experi.aental period. 

Throughou~ the study, the subjects were requested to 

aaint.a.in t.heir usuai pattern of paysica.1. activity. Por aJ..l 

subjects this J.DYolYed soae type of aoderat.e exercise such 

as bicJc.le riding, walking, sviaaing or .hiking. lione cou.ld 

92 
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~l 

Gena..-.u Sucject :nfocrat.ia\ 

Subje::t ~ Heighe (an) Weight (kql ~l.es-..aroi "::glyceride Treao.nt ~~ 
~ (nq/100 :nil lm;/100 ml) ~ !(Q..l InaJce 

. 19 184.3 7l.S 201.2 92.6 Say +552 .. 
2 21 l.79 74.7 164.3 97.5 Say 

3 26 173.8 71.6 157.l 67.9 Sat 

4 23 172 63.0 185.2 92.6 Sat 
5 2!. 179.S 82.S l54~l 41.3 St:1f +552 

6 24 194.4 80.5 156.7 27.3 St:1f •276 

7 24 182.5 80.8 180.0 St:1f •276 

s 27 165.0 59.3 164.7 ,44.6 Sat 

9 24 172.3 60.6 151.2 27.3 Non-fat Da.irf 

10 21 191.0 87.6 146.4 58. 7 Non-fat :)airJ +552 

ll 24 182.3 68.8 206.7 54.6 ~-!st Dair/ +276 

u 29 li0.2 71.0 193.4 54.6 ~fat Dairy •552 

13 25 178.3 78.6 l.67.S 52.l Non-fat Dairy 

14 22 176.0 74.7 162.l 85.9 ~fat Dair'/ 

LS 28 1ao.a 66.7 162.9 4J.O !,Ton-fat :lairy 

16 24 179 76.4 159.4 54.6 ~n-!at Dairy .+o276 

17 26 166 66.3 179.J 58.1 :.c;q ilhi ta 

LS 21 169.3 55.8 188.0 67.9 a;g lohita 

19 22 193.S 74.8 161.9 85.l a;g lw.te -552 

20 2l 173.0 64.l L56.6 52.l Eqg lw.'2 

21 29 178.3 90.3 193.4 76.0 ::qg ',ltu.2 +552 

22 22 177.0 80.2 148.6 59.3 ::qg 'iihi te +276 

23 22 176.0 76.4 169.a n.8 :.c;g ".,jhj, ta 

24 22 174.l 72.3 178.7 105.3 E:qg ;.1u.-;e 

x-:~ 2J.:5~l li7 ~ l 72. 7: 2 170.6 t 3 65. 7 '!: S 



94 

be categorized as being l..Il a strenuous exercise group. 

strenuous exercise vas considered to be jog~iny aore t.hau 1~ 

ailes per week or equivaient activi~J. Subject par't.i.cipa-

tion throughout t.he study vas exce1lent. There vere no 

drop-outs duri.Jlg the experiaental period nor at fo1lov-up. 

study part.icipants receiYed a aoneta.rJ coapensatiou ot S90 

for coa~1eting the study. 

The aean initiai and veek.ly body vei.ghts of subjects 

a.re listed in Tab~e 2. ftean body weight loss froa initial 

baseline to the last day oft.he experi.Jaent were siailar for 

all treataent groups (-1.~ kg soy; -1.3 kg non-fat dairy; 

-1.4 ~g egg-white). •o significant differences (P>0.05) in 

body weight existed between groups. Body veigats dia not 

change significantiy throughout the experia~ntal period 

(P>0.05). During the experiaenta1 period, eleven subjects 

began to lose weight. If a consistent decrease in DO<iJ 

•eight •a~ noted (±1.3 kg or 3 pounds), 270 kcal i» the fora 

of bread amd margarine were aoded to the diets ot those sub-

jects. If sllbject.s did not return ~o ini.ticll. ooay weigh~ 

within 3 to 4 days, a further increase :.t.n inta~e of 270 kcai 

vas aade. iadiYidu&.l body ve1gat uata a.re iisted in Avp~n-

dix u. 

X1. Dietary Intake 



TABLE 2 

Body Weights (kg) of Subjects Receiving 75 gm of Protein Per Day Fran Soy, 

Treatment 

Soy 
(n=B) 

lt>n-fat Dairy 
(n=B) 

B:Jg White 
(n=B) 

lt>n-fat Diary Products or E):Jg White 

-
Body Weights (kg) a 

Week 

Initial 
~irnen~ a-- 1 

72.9T 3 72. 7 ~ 3 72.1± 3 71. 9 :t" 3 

73.0±"3 72.8 :t 3 72. 3 ~ 3 71.9:!:3 

72.2 :t 3 71. 7 ~3 71.3~ 3 71.2± 3 

4 

71.5 ±3 

71. 7 ~ 3 

70.81:3 

Follcw-upb 
6 

It> Significant differences were fouoo in body weights between dietary treatments througoout 
the stujy (P)0.05). 

~alues are rreans ~ SEM. 

boata unavailable. 

\,0 
Vl 
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Dai1y nutrient consuaption ot  subjects  in the thr~e 

treataent groups  is shovn i.n Appendix a. n1.111aal difter-

enc~s ex.i.sted in the total aaounts of cal.ories, protein, 

carbohydrate and f~t consuaed Gaily in a11 treataent groupli. 

The fatty acid coaposition as  reflected by the P/S ra~io vas 

also sia.1.lar fort.he three treataent diets. Cno~estero.L was 

fed to al.l treataent groups i.D the fora of 2 egg yolks per 

day equivalent to ~ ~ ag of exogenous cho1esterol. On tne 

average, subjects consuaing the nonfat aairy protein diet 

had  cholesterol intaies 76 ag higher than those con~uaing 

either the soy diet  or tae egg va1te diet. 

in order  to aaintain body weight throughout the study, 

ele•en subjects received additional calories (Tab~e 1) in 

the fora of bread and aargarine. These fOOds vere addea as 

suppleaents to increase calories without signii:icantiy 

altering t.he fatty acid coaposition of the treataent aiets. 

Differences in tot.al ca.l.ories, protein, carbohydra~e and fat 

vere negligible bet.v~en adjusted  and unadjusted diet.s. Th~ 

average aailt nutrient consu•ption ot ~ul>Jects receiving t.De 

adjusted diets is sbov~ in Appendix Q. 

Proxiaate coaposition of the treataent diets including 

percent ash, percen~ aoisture, percent fa~ and graas of  pro-

tein l.S shovn .ill Appenttix T. Aliquots vere ana.lyz~d froa 

food coaposites vaich represtinted a four hour food inta1te 
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for subjects receiviny eaca t.reataent diet. One C)Cie of 

aenu.s (four ttays) for each treataent group ~as ana.i.yzed. 

Ya.l.ues for eacn oft.Jae four aays vere coabined and presekted 

as aean values of percent ash, percent aois1.u~e. ~ercent ta~ 

and grass protein (Table 3). 

The laboratory vaiues obtained for 9raas of protel.D are 

in geaera1 agreeaent with the ca1cul.a~ed val.ues fo~ prot~in. 

Only slight di.fferences vere noted in the percent protlllln 

content o~ the three diets. I.n addition, percent protein 

was deterained for certain p~oduct.s COAt.ained in the experi-

aental diets (Tab~e ~). Protein vaiues for these ~roducts 

vere not available in POOd and Agricu1tural Bandboo& 

456(1975) and initial c~1cuiAtions were bca.sed on nutrition 

la.bel.ing provided by the aanufacturers. Taus, in order to 

verify val.ues indicated on the 1abe1, percent protein was 

deterained using the Kjelaail aethod (AO~c. 1975). As .J.Ddi-

cated, laboratory Ya1ues were in close agreeaent vi'lh nutri-

tion labeling values. 

111. Pl§saa 'l'r•SlJce,ide ~oncentrat..i.ons 

Bean plasaa total triglJceride concentrat..l..ons are shown 

in Table 5 and Fi9ure 2. 

The coabined least-squares. analysis of variance for 

plasa4 triglycerides is presented in T4Dle b. A~ J.Ddl.cated, 



TABLE 3 

Percent Ash, lt>isture, Fat and Protein Content of Experimental Diets (Days 1-4) 

'l'reatrcent 

Soy 

Non-fat Dairy 

Egg White 

~i: 

Percenta 

Ash 

2.6-t.4 

2.3±.2 

2. 3 :!: • 07 

Percent 

lt>isture 

69.6'!4 

70.1 t 5 

71.5± 3 

bPercent ash and fat on a wet sarcple basis. 

Percenta 

Fat 

6. gt .5 

7.0 ±1 

6.6 ± 1 

Grams of 

Protein 

108.5 t12 

110.2'! 8 

114.31: 5 

\0 
CX) 
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'mBIE 4 

Cotparison of Protein Cootent of Specific Prooucts 

Oetennined in the Iaboratory to Protein Values 

Provided by Manufacturer 

Product 

Textured Vegetable 

Protein 

Tofu (soybean curd) 

Egg White 

Vegetarian Ham ctn.mks 

ScJtJ Granules 

ScJtJ Pcw:ler 

Kjeldahl 

% Protein 

49.6 

11.2 

80.0 

47.1 

48.0 

36.0 

Nutrition Ia~] ing 

% Protein 

52.0 

8.0 

81.0 

52.0 

so.o 
40.0 



'11\BIB 5 

Plasra Total Triglyceride Ccl1centrations (ng/100 ml) in Subjects Receiving 

75 Grams of Protein per Day fran &,y, lt>n-fat Dairy 

Group 

Soy (n=8) 

Initial 
0 

90.4"!:lob 

lt>n-fat Dairy(n=8) 76.1 t lob 

Egg Mute (n=8) 70.9 t 1ob 

ar.1ean ':t SEM 

Products arrl F.gg Mute 

Total Plasna Triglyceridesa 

Week 

1 
2 Experimental 

3 

86.2 ~1oc 66.8 ±HP 

91.2-t10C 65.4!:lod 

70.4 !: lOC 62.4 "t1od 

91.0 ~ 1oe 

82.3 ±1oe 

00.61: 1oe 

4 
FollCM-up 

6 

01.3 t 1of 96.6 :t 109 

64.0±1of B3.o:t109 

51.1 t1of 10.6 t 109 

b,c,d,e,f,9va1ues with the sane superscript are oot significantly different (P 0.05) bet\t.leen 
dietary treat:Irents. 

..... 
0 
0 
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FIGJRE 2. Plasna total triglyceride concentrations (means± SD1) 
in subjects ex>IlS\mling 75 grams of protein per day fran 
either SC'f, oon-fat dairy products or egg white. 
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the P Y&lue for t~ataent effects (1.18~) was not signifi-

cant (P>0.05), nor vas the P wa1ue for the illteract.ion bet-

ween treataent and diet (1.126). An F Yalue of 5.58~ .indi-

cated a significant veek. effect (P<O.OS) • Because ao signi-

ficant interaction effect bet.ween treataent and veeks had 

been deterained, no rational.e existed t.o t.est individual 

group aean.s froa veek. to veek using one way AIOYA. proce-

dures. Although signili.ca.nt. differences in Ya.lues froa week 

to week aay have been indicated by such a test, no differ-

ences l.D trends for the three di.etai:y trea:caents 11ould haYe 

been indicca.ted. 

ln F Yal.ue of S.!>8S at.tested to the tact. that signifi-

cant differences l.Jl walues did exist between v~e.ks.. Subse-

quently Dunn•s test for aul.t.ipie coaparisons (1969) v~s per-

foraed on coabineu treataent aeans to locate indiYidual. 

significant week effect.s. Besu.!ts oft.he aulti.pl.e coapari-

son test. established that signi.f1.cant difterences existed. 

between plasaa t.rigl1ceride Yal.ues obtal.lled at veek one and 

week tvo, week three &.Dd week four, veek tour and •eek f1.ve. 

In effect, all treataents operat.ed in exactJ.J t.he saae fash-

ion throughout t.he s~udy. Therefore 1.ndividucL.1. aeans tor 

a11 t.reat.aent. groups vere coabined. in order t.o deaonstrate 

the silli1ar trends occurring vit.hin ai1 treat.ll~nt g~oups 

oyer t.he four veeJt e:z.periaent.aJ. period. These Yalues are 



TABLE 6 

Ccrrbined least-Squares Analysis of Variance 

for Plasma Triglycerides 

Source of Variation 

Between Treatment Diets 

Interaction Between Treatment 

and Weeks 

Between Weeks 

Degrees of 

Freedan 

2 

12 

6 

*Significant week effect (P)0.05). 

Mean 

Squares 

7265 

410 

2033 

F Value 

1.185 

1.126 

5.585* 

..... 
0 w 
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shown J...D Tab.Le 7 and Pi.gure 3. IndiYidual. va.J..ues :tor eacn 

vee~ within ~ach t.reataent group a.re discussed descript.1.Yely 

in the fol1oving paragraphs. 

During the experiaentu period, s.1.ailar t.rend.;;:,; .i.n 

changes in triglyceride Ya1ues froa veek to week vere noted 

in all t.r~ taent diets. .In sW>jects consua.lJlg the soy 

diets, a .saa.11 decrease of 4 ag/100 al vas noted troa t.he 

beginning of dietary treataent t.o t.he ead of veek. one. I.n 

contrast, those receiving t.he non-fat. dilirJ protein experi-

enced an opposite trend. That is, t.heir tri.9l.ycerioe con-

centrAtions i.ncreased 15 ag/10U al froa the initia1 baseil.lle 

value to the end of the first veek on t.he experiaent.a.l. diet. 

Triglyceride concentrations at. v~ek O vere 76 ag/100 a.land 

at the end of week 1 vere 91 ag/100 al. P.lasaa triglyceride 

values for subjects receivi.Dg t.ae egg white diet reaaiD.ed 

stable froa initial. basel.i.n~ Yal.ues tot.he end oft.be tirst. 

experaental veek. Serua trig.lyceride concent.rat.ions vere 

70 ag/100 al in both instances. 

During the second vee~ on t.he experiaent.al. diets, sia.1-

lar trehds were noted between all treataent. groups. The 

largest decrease in serua t.rigiyceride concentrations vas 

exhi.J>ited by those subjt!Ct.s consua.1.ng tae noa-fat dairy pro-

tein. A. 26 ag/100 al. change vas not.ed. Serua t.r.2.g lyceri.de 

concentrations were 91 ag/100 al. at t.he end ut veek one and 



TABLE 7 

Mean Plasma 'lbtal Triglyceride Calcentrations of All SUbjects 

carbined over Experimental Diets 

Week 

0 (initial) 

1 (experimental) 

2 (experimental) 

3 ( experimental) 

4 ( experimental) 

6 ( follo.rup) 

~ :!: SFM 

n=24 

n=24 

n=24 

n=24 

n=24 

n=24 

Triglyceride Concentration 

(rcq/100 ml) a 

79.1 :t' 6b 

82.6 :t 6b 

64.8 ± 6c 

84. 9 ± fP 
65.7±6e 

83.4 't 6f 

b,c,d,e,f.Means with different superscripts are significantly different .fran. one arx>ther 

(P>0.05) (Dunn's Test for M.lltiple Ccllparisons). 

1--' 
0 
V1 



-E 100 
0 
0 -' 90 a 
.5. 
z 80 0 
~ cc 70 I-z 
w 
(.) 

60 z 
0 
(.) 

50 

106 

H All treatment groups 

0 1 2 3 
WEEK 

EXPERIMENTAL 

4 6 

FOLLOW 
UP 

FIGURE 3. Plasma triglyceride ooncentrations (rreans ~ SEM} 
of cmbined experilrental groups across tirre. 
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decreased to &5 ag/100 al at the end ot Vt!ek tvo. A s2aiiar 

decreGse vas noted in subjects consuaing tne soy a~et.s. 

Serua triglyceride concentrations at the end of ve~k one 

were 86 ag/100 a1 and decreased ~o 66 ag/100 a~. LiJtevise, 

subjects receiYing 75 graas of protein fro• egg white exper-

ienced a fa1~ in serua t.rig~yceride concenti.·ations ~roa veek 

one to week ~wo but to a. lesser ertent. Serua triglycer:a.de 

concentLat.ions in this group decreased b lkJ/100 a:... A~ t.ne 

end of veeJt one serua triglyceride concentrations vere 70 

ag/100 al and decreased to b2 ag/100 al at t..he end of week 

tvo. 

When coaparing serua trig~yceride concentrat.J.ons bet-

ween veeJl two ud veeJl three, a siailar trenQ iD a..a.l treat-

aents is again aoted. BoveYer, in this inst.a.nee, al...l trea~-

aent groups experienced a rise 1Jl serua triglyceride 

concentrations ratiler t.hilll a fall a..s obserYed in •~ex~-
Subjects receiYing the soy diets d.l.spiayed an increase of 25 

ag/100 al (66 ag to 91 ag/100 •~>-Likewise, subjeeb:i 

receiYing the non~at dairy ~rotein diet.s eiperienced an 

increase i.n serua tri.g1yoeri<1e cc,ncentrat.1.0ns, but t.o a .les-

ser extent. Subjects in th.:&.S group had serua triglJceride 

concentrations ot b5 ag/100 al at tne end of veek land 82 

ag/100 a1 at the end of veek 3, an l.llcrease of 17 ag/100 •~-

AD 18 ay/100 ai increase was noted froa veeJt two ~o weeK 



108 

three in subject.s consuai.ng t.he egy vh.1.te di.et. 't&aeiJ.: 

plasaa trig11ceride con~ntrations rose froa 62 ag/100 a~ to 

80 ag/100 al froa the end of veek tvo to th~ end or veeK 

three. 

Serua triglyceride concentrations aurin9 vee~ four 

shoved sildlar trends in all treataents. A decrea&e vas 

noted for ali experi•ental diets. The largest decrease in 

serua triglyceride concent.rat.ions (29 ag/100 al) vas 

obserYed in those i.ndiy1dua.i.s consual.llg 75 grus ot' protein 

per day troa egg vhit.e. Their serua trigiyceride values 

fel.1 froa 80 ag/100 al at veek 3 to ~1 ag/luO •1 at. veeK ~-

Siailar decrecases were noted i.D t.ho&e sUbject..s consuai11g 75 

graas ot protein per Q&J froa non~at dairy products. Taeu 

serua triglyceride concentrations fell froa 82 ag/100 .~ at 

week 3 to 64 ag/100 al at veek 4, a difference ot 17 ag/100 

al. A saal.l.er decrease (10 ag/100 al) in s~rua trig1Jceride 

concentration vas obserYed in those subjects consuaing 75 

graas of protein per day froa soy. Triglyceride conc~nt.ra-

t.ions fell in this group f~o• 91 ag/100 a~ at week 3 to 81 

ag/100 al at week 4. 

Coaparison of serua triglyceriQe Yal.ues during the iast 

veek of dietca.ry treataent to foJ.l.ov-up yaiues shoved an 

expected increastt in all groups. Subje<..-ts coD.Etuaug egg 

white and non-fat dairJ proteik diets deaonstrated a 19 
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ag/100 al increas~. Serua triglyceride concent.rd~ion at 

vee~ tour was &4 ag/100 al and l..llcreased to 8J ag/100 al a~ 

fo11ow-up for tho~ ill the non-tat diary ~rote.u1 group. 

Those sunjec~s receiving the egg white pro~ein had ~rua 

trig11ceride conc~trat~ons at vee~ 4 of 51 a9/lOO al 

increasing to 70 ag/100 •1 at fo1lov-up. s.i.ail.ar increases 

vere noted in subject..s consuaing 1S graas of protein per day 

froa soy. Their serua triglyceride concentrations increased 

fro• 81 ag/100 al at ~eek four to 96 ag/100 al at tol.lov-up, 

a ditterence of 15 ag/100 al. When baDeline serua t.rigiy-

ceride concentra~ions were compared to follow-up values, no 

differences were fou~d. 

Subjects receiving 75 grct11s of protein froa liOJ ha.d 

.initial. serua trigiyceride concent.ratioas ot 90 ag/10~ al; 

at foll.ow-up, triglyceride Yalu~ shov~d little change (9b 

ag/100 a1) with a difference of 6 ag/100 al. A si•iiar 

trend vas notoo i.n subjects receiving 75 grus per o.ay of 

non-£at dairt pro~ein. Baseline vaiues of serua triglycer-

ide in t..his group were 76 •9/100 aJ.. Po~lov-up vu~ues 

increased s1~ghtiy to 83 ag/100 •~, a dl.J:te~ence ox 7 ag/100 

a1. Likewise, subjects rece~ving 75 graas of pro~ein troa 

egg white lihovea. no change froa bil.Sel.ine ~o follov-up vita 

serua triglyceride concentration~ of 70 ag/100 al in DOth 

instances. Serua trigiyoeride concentrations for individual 

subjects are shown in Ap~ndix Y. 
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IY. Plasa9 YLDL-Triqlyceride Concentrations 

aean plasaa YLDL-trig1yceride ooucentrations are shown 

in Figure q and Table 8. TA~ coabined iea.st.-squares ana~y-

sis of Yariance for pl.asaa triglJcerides LS presentea in 

Table 9. As indica.t.ed the F Ya.lue for t.reat.aent. ~ffect.s 

(1.138) vas not significant (P>0.05) nor Vct.:i the P Ydiue for 

the interaction betvt!ell treataent. and diet. (.~17). BecGuse 

no significant. interact.ion effect. between treataen~ and 

wee.ks had been oet.erained, no rationai ~Iist.ed to test indi-

vidual group aeans fro• veeK to week using one way ANOYA 

procedures. Al.though sign.i.Iicant ai£ferences in values fro• 

week to week aay haYe been indicated bJ such a te~t, no 

differences lll trends for tie three di.et:ary treataent.s would 

haYe been noted. An F Yal.ue of 8.682 gaYe credence to the 

fact t.ha.t significant differences (P<O .OS) in Yalu es did 

exist between weeks. Accoru.1J19lJ, Dunn•s test tor •~tiple 

coaparison (1969) vas perforaed on th~ coaoined treataent 

aeans to locate individu~ sign.u:icant veek effectb. 

Results ot t.ne aul.t.ipl.e coapa.rison test establ.:a.shed Uat 

signi1:icant differences existed between the initial bd~eiiu~ 

value and week one, veek one ana week tvo, we~k tnree and 

vee~ four. There was hoveYer, no sig11ifi.cant cilftex:ence 

between veek two ond veek three. Por a.i1 practicai pur-

poses, a~1 dietary treataents operated :.ui the sa.ae tasuion 
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throughout tae study. Therefore indiYid.utl aeans for al.l 

treata~nt groups vere coabilled in order to aeaonstrate the 

siail.ar trends occurri.llg vithl..11 al1 treataent grou~s ower 

the four veex eiperi•ental period. TAese Yo1ues are shown 

in Pigure 5 and Table 10. 

IndiYi.clual. va1ues for each veex v1th each treataen~ group 

are discussed descriptively .l.Jl the fo1loving parayrapas. 

During the experiaenta..l. period, siai~ar trend~ l.D. 

changes in plasaa VLDL-triglyceride concentrations were 

noted in all treat.aent diets. l'roa the begi.nn.iJlg of dietary 

treataent to the end of veek one. All groups experienced a 

decrease in pla.saa YLDL-trigirceride conc~nt.rations. Tbe 

largest decreases (20 ag/100 al) were observed in t.bose suo-

jects fed the soy diets arui l.D those receiwing the egg white 

diets. Plasaa YLDL-trig1yceride concentration at the initi-

ation of dietary t.reataent vas 5S ag/100 al and decrea.Sed to 

JS ag/100 al at the end of veek one in those individuals fed 

the soJ diet. Subjects fed 75 graas of egg vhite per d&J 

shoved a VLDL-t.riglJceride concent.r4tion of 49 ag/100 al at 

initiation of t.reat.aent. This Ya1ue decreased to 29 ag/100 

al at. the end o:t week one. A siailar effect was obserYed in 

those subjects receiYing the non-f~t dairy protein. YLDL-

trigl.ycerid.e concentrat~on in tais group at initiation ot 

treataent vas ,o ag/100 al and decreased to 21 ag/100 al at. 

the end of v~ek 1, a difference of 19 ag/100 al.. 



'mBLE 8 

Plasma VInI.rTriglyceride Concentrations (ng/100 ml) in SUbjects Receiving 

75 Grams of Protein Per Day fran £by, lt>n-fat Dairy 

Group 

Initial 
-0-

Soy (n=8) 55.0± 6b 

t-on-fat Dairy(n=B) 40.9'!:6b 

Egg \'lri.te (n=8) 49.9±6b 

~i:SEM 

Products am F.gg \'lri.te 

VI.DL-Triglyceride Concentrationa 
(ng/100 ml) 

Week 

EKper.urental 
1 2 3 

35.5 "t 6c 42.g±E;d 45.0 t 6e 

21.6 ± 6C 38.8 :t 6d 34.416e 

29.2 t JC 38.5 ± EP 41. 7 ±6e 

4 

32.8 "t 6f 

22.5 t 7f 

23.8 t 6f 

FollCM-up 
6 

41.B±G<J 

40.l"t69 

34.0 ~ 6<J 

b,c,d,e,f,<Jvalues with the sama superscript are oot significantly different between dietary 
treatments (P 0.05). 

~ 
"' 
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FIGURE 4. Plasna VIDirtriglyceride amcentratians (means± SEM) 
in subjects cx:nsmting 75 grams of protein per day f:ran 
SO'f, oon-fat dairy prodocts or eggwhite. 



TABIE 9 

carhlned I.east-Squares Analysis of Variance 

for Plasma VIDirTriglycerides 

Source of Variation Degrees of Mean F Value 

Freedan Squares 

Between Treatlrent Diets 2 989 1.138 

Interaction Between Treatlrent 

am Weeks 10 88 .517 ..... ..... 
"'" 

Between Weeks 5 1469 8.682* 

*Significant week effect (P>0.05). 



'mBIE 10 

Mean Plasma VIDI.r-Triglyceride Concentrations of All SUbjects 

Ccrrbined ever Experimental Diets 

Week VI.DirTriglyceride Concentrations 

(m;/100 ml) a 

0 

1 

2 

3 

4 

6 

(initial) 

(experimental) 

(experimental) 

(experimental) 

(experimental) 

(follow-up) 

n=24 

n=21 

n=24 

n=24 

n=21 

n=23 

46.8:tt> 

28. 7 '!: 3C 

40.1±3d 

40.4 ±3d 

26.4 ± 3e 

38.6 t 3f 

~::t.SEM 

b.c.d.e.fMeans with different superscripts are significantly different £ran one aoother 

(P>0.05) (Dmn's Test for Multiple CcJtt)arisons). 

I-' 
I-' 
VI 



= 60 E 

8 -' 50 0, 

..s. 
z 40 0 
~ 
O"' 30 I-z 
w u 20 z 
0 u 

10 

ll6 

H All treatment groups 

0 1 2 3 
WEEK 

EXPERIMENTAL 

4 6 

FOLLOW 
UP 

FIGURE s. Plasna VIDL-triglyceride concentrations (neans 't. SEM) 
of all subjects canbined over experinental diets. 
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During the second week of dietiarJ t.reata~nt, Al1 

treataent groups experienced a tiiailar l.A~-rea..se in pl.as•~ 

YLDL-t.rig1yceride concentrations. in sub1ects fed soy pro-

tein, plasaa YLDL-triglycerides increased troa 35 ag/100 ai 

at veeJt one to 42 ag/100 al at week tvo, a di£ferEmce of 7 

ag/100 ai. A larger decrease (17 ag/100 a1) vas obersved 

froa week one to week two in subject.s fed 75 gri:Uls of non-

fat dairy protein. ConcentI:at.i.ons of YLDL-triglycerides 1ll 

this group vere 21 ag/100 ai at week one a.od 38 ag/100 al At 

wee~ two. Sllbject.s fed the egg white diet experienced a 

siailar increase but to a iesser extent. P.l.&saa fLDL-tri-

glyceride concentrations ~t week one were l9 ag/100 ai dDd 

38 ag/100 al at veek two, a aifference of 9 ag/100 a:,.. 

Plasaa YLDL-triglJceride concentrations froa veex 2 to 

veek 3 shoved different t.rends between ~reataen~s. Thdt is, 

both groups of subjects fed t..be soy and the egy white diet.s 

experienced saal.l increases in plasaa YLDL-triglJc~ride con-

centrAtion, whereas those fed the non-fdt dcliry protein dis-

playeG a saal.~ decrease in plasaa YLDL coacentratiolls. In 

subjects fed 7S graas of soy protein per day, p1asaa VLDL-

triglyceride concentrations .l.llcreciSed troa ~2 ag/100 ai at 

veex 2 to 45 ag/100 a1 at week 3. A siailar .i.ncraase vas 

obserYed fro• week three (38 ag/100 a1) to week 4 (41 ag/100 

al) in subjects fed 7~ graas of egg vhi~e protein ~er day. 
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A decrease in serua YLDL-trigiyceride ccncentration vas 

noted in subjects consua1ng t.he non-fat dairy prote.1..D. 

Plasaa YLDL-triglyceride concentrations feil froa 38 ag/100 

al at week tvo to 34 ay/100 al at. week t..hree. a di~ferenc~ 

of 4 ag/100 al.. 

Proa week 3 to week 4 ot dietary treataent all. treat-

aent groups displayed siai..lar decreases in pla.saa VLDL-tri-

glyceride concentrations. Pl.asaa YLDL-t.rigl.Jceride wa.lues 

in subjects consuaing t.he soy prot.ein diet tell froa .. ~ 

ag/100 a1 at veek three to 32 ag/100 al at week tour. 

Values tor those subjects consuai.ng 75 gra.as ot protein froa 

non-fat dairy products fell. froa 34 ag/100 al. at week three 

to 22 ag/100 al at. veek four. Larger decreases in pl.asaa 

YLDL-triglJceride concentra~ions were noted froa weeJt three 

to veek four in taose subjec.t.s consuaiDg t.ae egg vaite pro-

tein. Serua YLDL-t.rigl.yceride concentrations at veek taree 

vere 41 ag/100 al and fel.l t.o 23 ag/100 al at veek tour. a 

difference of 18 ag/100 al. 

Froa the 1ast veek of dietary treBt.aent to to~iov-up. 

al..l yroups exhibit.tid increases in plasaa VLDL-tr~9lyceride 

concentrations. Subject.s fed 7!:J gr-s of prot~l.D _i;er da.y 

froa soy shoved an increu.se in ~heir piasaa VLOL-triglycer-

ide concentrations froa ll ag/100 ai to 41 ag/100 •1• a dif-

ference of 9 ag/100 a1. Siailarl.y • t.aose subjects consU11ing 
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the egg 11hite diet sho11ed an increase i.11 t.hei.r p.lasaa. VLUL-

triglyceride concentra~~ons froa 23 ag/100 al to 3q ag/100 

a1, a difference of 11 ag/100 ai. A larger .i.ncrea~e in 

plasaa YLDL-t.rigiycer.1.d~ conceatration (18 ag/100 al) was 

observed in subjecu consua.1.ng t.be non-tat da.J.rJ prot.e.1n. 

Bean plasaa VLDL-triglyceride concentrat.ion tor the noh-fat 

dairy group va.s 22 ag/100 al at veek 4 anct 1.ncreas11?d t.o 40 

ag/100 a1 at follow-up. Coaparison oi walues tro• .baseline 

to fol1ov-up indicate that 1itt..l.e cbang~ occurred in those 

subjects fed lS graas of prot.ein per day troa non-fat dairJ 

products. Xnitial base1.ille a.nd fo~lov-up •al.ues were ~O 

ag/100 al in .bOth instances. Xn subjects fed soy protein, 

fol1ov-up walues vere 14 ag/100 al .less than in.l.ti4l base-

1ine va1ues. A siailar tread vas obserwed iD the su.bjec t.s 

fed egg vbite protein when baseline and fo.llov-up val.u~s 

vere coapared. Base.ii.De •a.lues for subjects ted. e~g vh.1.t.e 

protein vere 49 ag/100 a1 and 34 ag/100 al at follow-up. 



DLSCOSSI.011 

I. Introduct.ion 

The present study exaained the effect ot teeQing either 

soy, non-fat, dairy products or egg white protein on plasaa 

trig1Jceri.de and 1I.D.I.-t.rig1yceride leYel.s in Joung ae1a. 

Analysi.s of Yariance J.Bdi.cated that no si.gnific4ht di.£fer-

ences in seru• iipid ieYels due to dietary t.reataent vas 

obtained, nor vas there any significant diet. illld 11ee.1t inter-

action effect. lll subjects, reqardJ.es.s ot d1.et.ary t.rea.t-

aent, respondeo in the saae vay froa week to week. 

II. Jffect. .21 Diet.art Prot.ein 2a Seru• 'triglYcer1.t.1es ilDd 

!!£1, Je2!. Depsity-Triqi1cerides 

The lack of any significant. effect due tu dietary 

t.reat.aent is not surprizing ill light of results obtained .ua. 

other siailar studies (llalJter et. al.., 1960; Caapbeil et al.., 

1965; Carroll et al.., 1978; Anderson el. a~ •• 1970). When 

pl.ant protein replaced aniaa1 protein in the di.et. ot t..ea.a..t.hy 

young voaen, no significaD.t differences were onserved .bet-

ween t.he t.vo groups in serua triglyceride levels (Wal.Jter et 

al., 1960). S.iai~ar results were obtained in a ldter stud] 

(Carroll et ai •• 197b) when soy rep1aced aniaal protein in 

the diets of healt.hJ young voaen. l aixea protein diet vas 

120 
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fed initially for twenty tour daJs. The next phd~~ of th~ 

dietary period involwed repl~cing t.he aniaa..l. prote~n con-

tained in the aixed uiets with soy protein. Ana.lys.u. ot 

variance indicated tnat no signi.ficant ditferences in serua 

trigiyceride concentrations vere observed bE:tveen the ~vo 

dietary treataents th~ indicating that soJ protein did not 

1over serua triglyceride leve.ls. 

C&apbelJ. and co-workers (196~) coapared d.i.ets contain-

ing wheat gluten to diets contai.D.ing an isonitrogenous 

aaount of casein-lactcJ.buain. •o difterences existed in 

serua trig1ycerides oelveen individuals on the tvo dietary 

treataents. This situation persisted whether the ~iet con-

tained. 12 percent lino~eic acid or 40 percent linoie;u; acid. 

When egg vhit.e and wheat gluten diet~ were coapared 

(Anderson et al., 1971), no statistically s~gnificant 

differences existed in serua triylyoeride concentrations; 

al.though sunjects consuaing the egg white diet had serua 

triglycer;a.de concentrations of 92 ±13 ag/100 ai aud tho6e 

consuaing the wheat 9luten die~s had serua triglyceri~~ con-

centrations of 84~9 ag/100 •~, a difference ot 8 ag/100 ai. 

In suaaary, when the eftect ot piant iUld a.niaal prote~n 

diets on serua lipids are coapared, no significant dii.fer-

ences in serua tri.g1ycer.ides between diet&rJ tre&taen~s is 

observed (lia~ker e~ a~., 1960; Caapbel~ e~ a.1.., 1~b5; car-
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roll et ai., 1978; lhderson et a1., 1971). BYia.ence troa 

publisbea. reports indicates that serua triglyceriaes are 

aore responsive to changes in dietary carbOhJdrate dlld fat 

(lnderson, 1967; ftcDonlLl.d, 1967; lestel et al., 1970) rather 

than to caanges in the protein aoiety of tae Gi.et. 

In 1967, Bodges and co-workers replaced a.niad1 protein 

int.he a.iet of six prison inaii.tes with soy prot.ei.n. In 

addition, caroonyctrat.e source as veil as fat l.eve.1. was yar-

ied during the experiaent.al period. Serua cholesteroi 

decreased throughout t.b.e stuay period regardless ot source 

of carbohydrate or level of fat. Serua triglycerides, hov-

eYer, vere aore responsive to dietary carbohydrate and tat 

influtmces. Xn the presence of a l.ov-fat. die~ (1~1 of 

cal.oric intake) with stai:ch as the e&rbohydrat.e ~ourc~, 

serua trig1yceridea tel.l significantlJ .bel.ov ba.seiine ievels 

(166 ag/100 al to 133 ag/100 al.). When sugar repl.&ced 

starch as the carbohydrate source in the lov-tat diet, serua 

triglycerides rose to 208 ag/100 a1. Waen fat vas increased 

to 45 percent of cal.oric intake and starch was the car.bOhya-

rate source, serua triglycerides fel:l to aa ag/100 •~; hov-

eYer, vaen sugar replace starch in the presence 01 a hiyn 

fat diet, trig1ycerides significantiy incxeased to 211 

ag/100 al. l.n eftect, serua triglycerides were aore r~pon-

sive to changes in dietary carbohJdrate and. fat rat.her tlla.n 

to changes in protein. 
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Shorey and co-workers (19~1) founa tha~ serua 

triglycerides sig.nificant.LJ ~creased froa ba.saiin~ ieve~s 

vaen soy diet.s were fed. In contrast, tile serua trig.a.ycer-

ide leve1s of subjects consuaing aniaal protein a~ets 

reaained st.able throughout t.he st.WlJ. Vhe1& t.reat.a~nt. ctiet..s 

were ooapared t.o previous self sel.ected diets, it vas tound 

that dietary carbohyarat.e vas si.glll.ficaat.J.y higher on the 

t.reataent. diets. Thus, the change ia triglyceride ~evel.s 

duri.Dy the experiaent.al. period 11as a.t.t.ribut.ed to tJae change 

in dietary cca.rbohJdrate. 

BJperlipideaic subjects experienced a significant 

decrease in plasaa t.rigl.Jceri.de concent.rat.ions vhek a lov-

fa.t. diet (cons:lst.l.llg of 60 percent. of protein froa a.ni.aal 

sources, cho1est.erol i.nt.ake of less than 100 ag/d.a1 ana a. 

P/5 ratio of 2.7) vas fed. Sia.1.l.ar decreases were noted 

when soy replaced a.niaa.l protein :in the diets of the saae 

subjects (Sirt.ori. et. al., 1979). Th.ese resul.ts seea to 

indicate t.ha~ the I.overing of serua trigl.yceride can not be 

attributed to the protein aoiet.y of the diet. al.on~. In ail 

iikel.i.h.ood, the trigl1ceride iovering e~ect l.S the resuit 

of soae dietary coaponent(s) presen~ ill both. diets. The ~oy 

protein and ~he ani.Jlal protein die~ had s.1.11.l...l.ar fa~t.J acid 

coapositions (P/S•2.7). EYidence indicates that polyunsatu-

rated fatty acid cont.eat. of the die~ influences serua tri-
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giyceride concentLations (lestei et al., 1970; KcDowti.d, 

1967). ~o data is ~vaiiable on the source of carnohydrate 

fed by Sirtori et al. However, both groups v~re consuaung 

coaparab.le aaounts of carbOhJdrates as a percentage of total 

caloric intake • 

.In addition, blood lipia val.ues ot subjects p1.:ior to 

any dietary treataent are &Al iaportant factor d.etera.in.l.llg 

response to dietari aanipu.lation (tu Baaij et a.1.., 1979). 

Sirtori el al. 11ere 11orJtiDg with hyperlipi.d.eaic suojects 

vhose ser1111 cholesterol and/'or tr1g~Jcerides were e.leYated. 

This aay expl.aj.n vay bot• groups experienced siailar 

decreases in t.rigiycerides, that is sUbJe~ with ~levated 

serua lipid concentrations a.re aore sen.sitiwe to dietary 

aanipulation designed to lover these sexu• .1ipJ.ds. 

The eff~s of ingesting suppleaent.al. aaounts of ai.lk 

on serua lipids has been i.nwest.igated (Bovard et. a.l., 1977; 

Bovard et al.., 1979; Hepner, 1979). These reports ind1cate 

t.bat serua triglyceride .leYel.s are uaaffected. bJ aill pro-

tein. Bovewer, Bossc1.uru a.nd co-workers (19~1) deaolb:;t..ra.ted 

a significant trigiyceride 1over1ng effect when supple~ental 

aaounta of either ski• ail.Jt or creaa W8re fed to suDjects. 

Serua trig1ycerides dropped fro• ba.se.l.i.De levels o~ 131 

ag/100 al to 99 ag/100 al at the end of t.reataen~ tor suJ:>-

ject.s con.suaing suppl.eaenta.l aaounts of &Ju.a ai.lI. Si.aiiar 



decreases were obserYed iD t.hose subjects con~uaing tuli 

creaa. Yal.ues .1.n this group decreasea fro• 12~ •9/100 ai at 

base1ine to 100 ag/100 111.l at. t.Le&t.aent. t.e111inat.i.on. I.n a 

third group, fed suppleaellt.a.J. aaoUllt.s ot yogurt, a 'trd.Jls-

cient. significant rise in t.riglyceride leYe1s (froa 96 

ag/100 a.l to 142 ag/100 al) was obtained aft.er  one veti~ of 

t.reat.aent.. These !ewe.ls tei~ beiow baseline lewels At. ~ ~ 

end of the experiaentaJ. period. The researcaers postu.la.t.e 

that the eiewation at week one of t.reat.ae~t. aay hawe been 

due  t.o  t.b.e increased consuaption of re£i.Dea car.boia1a.ra1.e. 

In effect., &11 groups  experienced a loverug of serua tri-

glyceride leYels. The authors cont.end t.ha~ •spont.~neollii 

dietary adapt.at.ions• were responsible for tae fall 1n serua 

t.rig1ycerides and that. it. is dif£icult. '"° ascri.De t.he taJ.l 
in serua triglycerides t.o any property of the aiik products 

used since the fal1 in  serua t.riglycerides cont..inu~d aft.er 

supp.leaentat.ion vit.h a.ilk products ceased. 

Only liait.ed data  is ava.1.l.a.b1e concerlll.Jlg the effect  of 

feeding different prot.ei.n sources on the very iov Qensity 

1ipoprot~in fraction in serua. Lack of sufficient. research 

on  the YLDL fraction steas in part froa the ti.as COWiuaJ..ng 

aethod of se~arating lipoproteills a11d ~he equipaen~ needed 

for ultraaentrifugat.ion. In addition, researchers haye pre-

ferred to look at the cholesteroi carrying J.ipopro~eins 
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(LDL, liDL) which are aore JJ.keiy t.o change in re~ponse to 

dietary aanipul.ation t.aan is the Yl.Dl. fract..ion. 7be very 

low density iipoprotein is responsi.ble for carrying a ~arge 

portion of the triglyceride aoiecul.e (herDert. el a~., 1978). 

In fact, YLDL contaia.s 45-6~~ triglyceride (Beroer~ e.l. al., 

1978) • Because of this relationship, clllJ chcU1ges l..n .serua 

triglyceride would be reflected bJ coacoait.ant chilh9e~ in 

the YLDL fraction. ,urtheraore, YLDL would be expected ~o 

respond to dietary coaponents in aucil t.11e saae vay that ~ri-

glycerides do. 

Yan Baaij et al (1981) found no appreciable change ~n 

serua very low density lipoprot.eins when casein a.na suy 

diets were coapared. llo sig .ruticant. di.f:fei:ences exisT.ed 

between the two groups wit.h regard t.o YLDL level~. 

l.D suaaary, studies coaparing a.aiaa.l and vegetabie pro-

tein ai.ets have found no significant cliJ.:fert!nces i.n sei:ua 

triglyceride or lLDL levels bet.ween t.reataents. Ditterence& 

reported in serua triglyceride levels can possl.biy .be attri-

buted to the carbohydrate content ot the diet. 1k aad~tion, 

the fatty acid coaposition of the diet exerts an inf.luence 

on serua t:riy1yceride ieve.ls. Sirtori et a.l. (19lj) found 

that .bOth a 1ipid lovering diet. (l.011 fat., low cholest.e1:0J.) 

and a soy-based diet iovered seroa trigi1cerides. However, 

the popuiation saap1e was ayper.l.i.pideaic and signitica.nt 
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cbaayes in serua lip~ds aay have .been a result o~ ~ocr~ase<t 

sensiti.vity to dietary aanipulation. 

studies vhica do report significant differences .Lll 

serua trig1yceride •LDL l.eweis b~tveen groups fed differing 

sources of dietar1 protein aay hawe resulted in ldLge 

changas in source ana aaount of dietary carbohydrate between 

self se1ected. diets preYioW:iiJ consued and experi.aental. 

diets. 

The resuits found in tae present s~udy &re in agrt!E!aent. 

vit.h results obtai.Ded froa s.l.llilar studies. That is, no 

signi~icant. aiiferences iD serua triglycerides were found 

bet.ween t.reataent diet.b cb.ffering in protein source only. 

I.n the pre.seat study, all sabjects were conoual..llg approxi-

aat.ely a 1:1 ratio of siaple to coa~1ex carbohydra~e. car-

bohydrates v~e provided a.s a con$taDt. percentage 01 c~oric 

int.a.Jte acmss all diets. I.n effect, &hJ olood hpi<l res-

ponses would not. .be expect.ed to be the resuit of different 

ca.rbohydra.te sources or aaount.::. in t..he preS1itnt study. siai-

lar1y, because fat content and coapositions ot al~ d.iets 

were constant int.he present study, these fact.ors vere not. 

expected to influence serwa trigiyceride or VLDL concentra-

tions. 

III. Variability !Jl Ser91 Lipid Cohcentrations 
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Although no sighi.±~cant differenc~s in serua lipid lev-

els vere found between trea~aent groups, a si9ni.ticant week 

effect vas o~servt!d (P<0.05). Proa week to week serua tri-

glycerides increased or decreased reacai.ng a peak va.l.ue of 

84 ag/100 al at veek taree. 1n a. previous study l.Jl uis 

laboratory, exaaining the effect of d&.1.lJ caolesterol .1I1take 

(400 ag vs 1400 ag) on serua triglyceriae concentrdt.ions, 

Flaia (1979) foun~ siailar trends in changes in serua tri-

glyceride concentrations (Figure 6). lo si.gni£icant differ-

ences in serua triglyceride values due to dietary treataent 

were found (P>O.OS). Both grou~s regarel.less o~ choiesteroi 

intake experienced a deci:ease iu serua trig1ycerid~ levels 

at Vee.It two. Serua triglycerides troa week one to week tvo 

fell frua o2 ag/100 ai to 58 ag/100 al 1ll subjects fed 400 

ag of caol.esterol. A siai.l.ar saa.l..l change was noted in 

serua triglycerides of those subjects consuaing the 1400 ag 

cholestero1 diet. Seru.a triglyceride concentrations at veek 

one were 5& ag/100 ai and decreased to 55 ag/100 al, a dit-

ference 0£ 1 ag/100 ai. Fro• veeJt tvo to veek taree an 

increas~ in serua trigiyceriae concentratio11S vas experi-

enced bJ .both groups. Hove•er• the aagni~une of change vas 

auch larger fro• vee~ tvo t.o veeJt taree. Subject.s tea 400 

ag of cholesterol exhibited serua trig1yceride concentra-

tions ot 58 ag/100 al. a.t week tvo rising to 71 ag/100 al. a.t 



129 

veek three, a d:ifference of 13 ag/100 al. Sia.D-ar increases 

were noteu in subj~ct~ consuaing 1400 ag ot cho~es~erol per 

day. Serua ~rig1Jceride concent.rations at ve~k 2 were ~5 

ag/100 ai anu increased to 73 ag/100 al, a Gii.fereuce of 18 

ag/100 ai. Proa vee~ three to week four bOth groups experi-

enced decreases i.n serua t.r.1.qlyceri.de concentrat.ions. Serna 

trigiJceride concentrations at week 4 were oO ag/100 ai for 

thQ subjects consU11i.Dg 400 ago~ chole~terol. This v~s a 

decrease of 9 ag/100 a1 froa the preceding veek. Sai:t.ar 

decreases vere noted in sw,jects fed 1400 ag of cholestero1. 

These subject.S also experienced a decredSe of 9 ag/100 al in 

serua triglyceride Yal.ues. Pro• veek 4 to follov-up, both 

group~ experienced increases in ser1111 trig1yceride concen-

tration&. s~rua triglycerides of sUbjects consuing 400 

ag/100 a1 increased troa 60 ag/100 a1 at. •~k 4 t.o 76 ag/100 

al at. follow-up, a dit£erence of 16 ag/100 al. Subjects 

consuai.ny 1400 ag ot cao1est.erol disp1ayed large l.llcrea.ses 

in serua triglyceride det.erainations. At week 4 &erua tr~-

glJcerides were 64 ag/100 al aad increclSed to 93 a9/100 ai. 

(P1aia, 1979) • 

The :response pattern ot serua t.rigiyceride 1eYe1s 

observed in Plaia•s study is 1Jl agreeaent vith thA~ Observed 

in the present study suggesting that fact.ors other tJia.n a 

response to dietary coapone»ts are responsible for tae 



e 100 
0 
0 -' 90 
OJ 
.5. 
z 80 0 
~ a: 70 I-z 
w u 60 z 
0 u 

50 

130 

H 400 mg cholesterol 

H 1400 mg cholesterol 

0 1 2 3 
WEEK 

EXPERIMENTAL 

[Flaim, 1979] 

4 6 

FOLLOW 
UP 

FIGURE 6. Plasma total triglyceride ooncentratians (rreans i:.SEM) 
in subjects consun:ing 400 In:.J or 1400 In:.J of clDlesterol 
per day (Flaim, 1979). 
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observed effect.. These fac~ors aay inciude 1.iai~ations in 

current aYc:U.lable aethodoiogy, noraal bioioqicai YdXiation 

in triglyceriae concent.r~tions, and individual varia.bi~ity. 

Chrollie et a1 (1963) aeasurea serua trigiycerioe leve1s 

in eignty-eight subjects. Blood saapiing for trigiyceride 

deteraination vas xepeated fiv~ tiaes in order to ueteraiue 

the extent of variability within subjects. Chroaie et ai 

(1963) found spontaneous variability v~thin the sa•e inoivi-

duaLs vhen trigl}ceride oetera~na.tions vere repeated ou five 

different occasions. The aean serua triglyceride concentra-

tions obtained in repeated saapling of tae same subjects on 

different days is plotted in Figure 7. ls can be ~een the 

sa.ae type of randoa fluctuation occurred in tne st~dy of 

Chroaie et ai (1963) as in the present study. 

Froa saaple nuaber one to the second saaple, serua tri-

glycerides decreased froa 120 ag/100 ai to 81 ag/100 al. ln 

incr~ase in serua trig1Joeride ievels vas noted froa saaple 

two to saap1e 3. serua t.rig~Jceriae !eve.i..s incre4~ed fro• 

81 ag/100 a1 in saaple tvo to 118 ay/100 al in sa•Fle 3. A 

aean decrease of 13 ag/100 ai vas observed froa saap~iug 

nuaber ~hree to saapie nuaber four. (118 ag/100 ai ~o 10~ 

ag/100 a1). When saa~~e nuaber 4 vas cua~a~ed to saaple 

nuaber five, a aean increase of 10 ag/100 al vas ooserYed. 

Kean serua triglJceride concentrations vere 105 ag/100 al at 
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t.ae fourth saa~le aud increased to 115 ag/100 al a~ the 

fifth S-('ling • 

Siailar indiYiduai yariat.ion vas obserYed vhen tvice 

veek1y det.erainat.ions of seru• triglycerides were aade in ~8 

aen oYer a 12 veek period (Hol..l.ister et al., 1964). Coeffi-

cients of Yari.ation for serua trigl.yceri<les vit.hin inttiYi.du-

als rilllyed fro• 7.11 t.o 34.81 vit.h a aeaa of 161, sugge~tin.g 

that. randoa tiuct.uat.ion as h19n as 351 occUI:red vitai.D the 

saae indi.Yidual.. This yariat..ion seen .int.he studies ot 

Chroaie et al. (1963) and Hol.1ister et. al. (1964) parill.l.el.s 

changes obserYed in the present study. A pat.tern ot Yaria-

t.ion in serua trigiyceride lev~ls is ev.:ulent i.t.t. t.ae present 

st.udJ when individual concentrations are aYeraged oYer veeks 

(Table 7) • .In addition, exaaination of inaiv1.dua~ data 

listed in AppenQi1 Y 91ves further t.est.iaony to the exis-

tence of spontaneous Yari.a.t.ion .l..11 serua t.~iglyceriae concen-

trations. 

Published rei,orts indicate t.hat. previous die~ can 

i.nfluence serua trigiyceride r~spon.se to dietary aanipula-

tion (Shoney et ai., 1981; acDoniU.d, 19&7; Mest.ei et a.1., 

1970). Although a 2~-aour recai1 and a food frequehcJ 

record were ad.ainistered prior to the preseut study in an 

effort to deteraine and aiJU.aize differences in ~revious 

dietary intaKe of subjects, ~he tyi,e ot responses eiicited 
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froa these too~s do not necesari.ly al.l.o• for coap~~te assu-

rance in selection of a huaogenous population vith regara to 

dietari habits. This sit.uat.1.on cou!.d have .been rect.il.1.ed i.t 

al1 subjects consuaed a contro1led house diet prior t.o t.be 

experiaental study. 

1v. rJli! ~~Serpa triq1Jcer.1.de Yal.aes !A clinicill 

ftedici.ne 

Current literatu~e deal..1.ng vit.h serua triglycerides nas 

been conflicting. There 1.s soae indication t.ha'I. serua tri-

glyceride leYel.s are not associa.t.ed. viu1 an increased 1:.1.s.k 

for developing coronarJ heart. disease. Jtat.aei:, t.ht= b~st. 

prognostic indicators of r.i.sk seea t.o .1.AC~ude tot.al. serua 

cholesterol and high aensit.J J.ipoprot.eias (Cast.e~~.1. ~t al., 

1977). Ln aost situations, persons at. J.Dcreased risk have 

elevated l.evel.s of serua cholesterol and th~s is fo.ll.oved by 

concoaitant elewat.ions in serua triglycerides (Hu~ieJ et. 

a1., 1981). 1n e££ect elevated serua t.rig~1ceriaes see• to 

be secondary to elevAtioJU> of serua cholesterol concentra-

tions (P~ge et al., 1970; Gorden e~ a1., 1977; Brown et al •• 

196S). 

Soae doubt. concerning t.he efficacy ot wu.ng .serwa tri-

glyceride ae&sure~ in ciin.1.ca.l •edicine has been expr~ssea 

within t.he awica1 couunitJ. The hypot.hesJ.S that. e.lewated 
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although newer universaily acceptea. has strongly i~f~uenced 

the practice of prewentiYe aedicine. aost of 'I.he evidence 

illplicati.ng serua trigi1cerides int.he deve~opaent ot coro-

nary heart disease coaes fro• epideai.o.logical studJ..es. 

These types of studies aay J..Dfer an association betv~n the 

tvo but by no aeans i.ndicate a casusa.l reiationship between 

elewatett serua triglycerides and coronary heart disease. 

Xnforaation froa other types of studies (aistocheaial an4 

arterigraphJ) is al.so aeager • cODt.rastag with the spectrua 

of eYidence supporting the •Jpothesis tJaat eleyaten caoles-

terol J.eYe.l.s are a causatiye factor in coronary heart 

disease. Soae practiuoners believ& that t.he widespread use 

of identifying and treating hypertriglyceri.deaia i» appar-

ently healthy person~ for the purpose of preventing coronury 

heart disease is .:i.Jlappropria"te uniess aore persuasive evi-

dence becoaes aYailabl.e (Hu.lleJ et al.., 1981). 

The ciif£icu~ty in obt.a~nin9 conciusive evidence alid 

reaching a consensus concerning the re1ationship of serua 

trig1yceriae concentrations to coronary heart di.s4'!a5e aay be 

due to spontaneous variation t.Jaat is present vit.hin in4ivi-

dual.s. I.ndiYi.dual variability .bas been obserYed in suJ>ject.~ 

in controlled diets (F1aia. 1919) in noraa.l. populations con-

suaing self selected diets (ao.llister et al.., 19b4; caroaie 
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et ai., 1963) and in pat.ient.s wit.b coronary heart disease 

(Chroaie et. al., 1963). 

l.D aadition, 1.t. is difficult to ascribe changes in 

serua triglyceride lewel.s t.o changes in a single dietary 

coaponent. as dietary tact.ors includi.ag caioric iht~ke, car-

bohydrate leYel, carbohydrate source and fatt.J aciu coaposi-

tion all appear to exert an .i.nfl.uence on berua txigl.Jceride 

levels (leste1 et. ill.., 1970). The pro»le• of lack of con-

trol ~or unrecognized influences ($UCh as prewious diet) can 

be critical in studies u&.i..ng saal.l experiaeut.al. populations. 

The subjects int.he present study were not. ~D a controlled 

experiaental. diet. ):lrior to tae iaitiat.ioa of u:eataent 

diets. It. vas assuaee1 t.hat di.etary pat.terns vere s.1.11ilar 

bet.ween sUbjects. The i.Dst.ruaent.~ used int.he pre~ent study 

t.o deteraiae eat..ing aa.bi:ts of subjects (24-hour food recall 

and food frequency) axe crude aeasures at best (Gut.nrie, 

197S). Tae type of responses elicit.ed froa those tot.a.ls do 

not al.l.ov for coapl.ete assurance J..D sel.ection of a hosoge-

aous population •~th regard to dietary hab.l.'\.S. This si~ua-

tion could haYe been rect.ifieci if. a.l.l sobjects consuae4 a 

contro.lied house diet. prior t.o the experiaent.al. study. 

Dl the present. study, plasaa triglycerides and YLDL-

trigl.yceri.des were innst.igated in hea.lthy adult aa.les fed 

diets cont.ai.ning 15 graas of protein per daJ eit.h~r troa 
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soy, non-fat dairy products or egg vhit.e under contro~led 

dietary conditions. Differences in tota.1 ca.l.oric int.a~e, 

carbohydrate, fat, cao1est.erol, and. fatty acid coaposition 

of the d.iet were aini.aa.l between diet.arr t.reataent.. The 

study design was clifterent. fro• previous re~ort.s exaJU..n.:Lllg 

the effect of source of protein on serua triglycerides and 

YLDL. 

10 st.udi~s hawe inwestigated the effect. of feeai.n9 

non-£at dairy protein in a cont.rolled. sett.J.ng 011 serua lipid 

leYels. Rather previous inwestigations haYe exaai~ed tae 

effect of feeding supple11ent.a.l aaouats of ail.it, Jogurt ana 

creu. J:n these studies other diet.ary coaponents '.Lncludi.ng 

fat, fattJ acid coapositioD and c.srbohydrate content. vere 

not contxolled.. PurthE:raore, 110 studies a.awe d.ea.lt. Vl.tb the 

effect of feeding egg vhit.e protein under control~ed condi-

tions OD serua lipid levels. 

The findings froa the present study .1Adicated that no 

significant di..£ferences between serua lipid lewels in indi-

widua.ls fed. eitaer soy, noD-fat. dairy prod.uct.s or egg vnite 

erltited during the experiaent.al period. Bat.her serua tri-

glyceride and YLDL-triglyceride leve~o of i.Jldiwidu4ls on a.li 

treat.aent groups responded. in the saae iasaion vitb respect. 

to dietary treataent. All groups exper.ieaced. deci:eases in 

serua triglyceride froa veex one to week tvo and troa v~k 
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three to week four. However, troa week two to weeK three 

and veeJt four t.o fol.l.ov-up, all 9roups experienced increases 

in serua triglyceride conceDtrat.i.ons. Al.i groups aisplayed 

siailar trends vit.b. regard to YLDL-trig.1.yceriues. VLDL-t:ci-

glycerides decreased fro• tae initial oasel.ine value to veeK 

one and fro• veek three to v~ tour. Bowewer, froa ~eek 

one to veeJt tvo and week tour to vee~ fiwe, serua VLDL-tri-

glycerides iucreased. The obser.ation that no significant 

differences occurred between treataent groups is in agree-

aent. vith siailar studies. serua trigl.Jcerides do D.O appear 

to be predoainantlJ infl.uenced bJ proteiD source but aay 

respond to other dietary coaponeJ1t.s aost notably total 

caioric fat and caJ:bohydrai.e content. 

The obserYation that al.l t.reataent groups experienced 

the saae rises and fall.sin serua t.J:igl.yceride and YLDL-tri-

gl.Jcerides aay be due to other exper.iaentill. factor~ inctud-

ing spontaneous variation vit.hin indiYiduals. 

Based on present resul.ts &nd retrospect.ive thouyht, the 

experi..aental design coul.d h&Ye been iaprowed. SubJects 

coul.d have been on a cont.rolled house diet prior to the 

beginn:i.Dg of t.rea'laent. i.nt.er..-eation. This voul.d a..t.leviate 

the problea of previous heterogeneit.y in di~ta.ry pdtt.erns 

which can iuluence serua t.rig1yceride concentrations. .In a 

future st.udy t.he source of carbohycu::at.e could be Yaried froa 
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one tr~ataent to another. ~.111s c!Laage ~ouJ.d veriiJ t.hat 

changes (or 1acK thereof) in serua lipids are priaari.l.} 

influenced by carbohydrate content of the diet. In addi-

tion, ionger feeding periodH aay be neneficial. serua tri-

glycerides aight a&Y~ rea.ched a stabilization poi.n~, vith 

longer dietary treataent, rather than continuing the 

increa.s~ and decreases troa veek to veek that vere 

obserYea. Further, a iar9er population saaple .is ~uggesten. 

Bach treataent group incl.oded eigat subjects; the probiea of 

indiYidual Yariabil.i~y and tipontaneous fluctuat1on l.S coa-

pounded when onl.J saal.l saap~es are use~. 
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Appendix A 

PLIER PROVIDDIG BlSlC I•FOIUl.lTIOH ABOUT TBB STUDY 

B.lT l'BBE FOR A ft0BTH 

That's right.I Wanted: Dedicated non-saoting aale 

Yolunteers in good hea1th, of noraal veigat and between the 

ages 18-28 to part.icipdte in a aonth long diet studJ. Every 

day eacA subject wi11 receiYe J delicious Y&getarian aeals 

PREE. The inYestigation vi.ll inYol.Ye asses&aent of p1asaa 

lipoprotein fractions as affected by dietary source ot pro-

tein. Each subject. will. be randoa1y assigned to l of J 

treataent groups l.n which pri.Jlary source of protei.n vil..l 

coae froa soy, dairy and egg vaite respectively. A11 bUD-

jects vil.l eat at the aetabolic kitcaen - Sol~tude. Physi-

cal exaai.nations vi1l be proYided FBBB before the study 1 s 

onset and aeasureaents of pia.saa cholestero~ and triglycer-

ides v1.ll. be aade at regular intervals. In adctit.i.on, a.11. 

subjects vi.11 receive $90 coapensation upon succes~fu.L. coa-

pletion of toe study. The project •il1 run froa Barch to 

llay. Por further inforaauon on this exciting project. con-

tact: 

Departa011t of Bu.aan i utritio11. and Foods 
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Appenaix B 

IIETROPOLITAN LIFh l~SUBAICB TABLES POB DBTE.RKlBllb IOBIIAL 
BODY VBIGBT l'Oi &BIGHT 

WBIGBT 11 POUIIDS ACCOBDIBG TO P&lBB 
(II DtDOOB CLOTB11G) 

source: aetropolit.a.n Life Insurance coapauy 

liBIGBT Sil.ILL 11.BDIOB LARG~ 
PBAIIB PBlllB l'BA!IB 

5 1 112-120 118-1;t9 ll6-141 
5 2 115-123 121-133 129-144 
5 3 118-126 124-136 132-148 
5 4 121-129 127-139 13~-1!>2 
5 5 1:t4-133 130-143 138-156 

IIU 5 6 128-137 13'l-1 .. 7 142-161 
of 5 1 132-141 1.i8-152 1117-166 

lGBS 25 5 8 1.16-14!> 142-1!>6 151-170 
and 5 9 140-150 1,0-160 155-174 o,u 5 10 144-154 150-1b5 159-179 

5 11 148-158 154-170 164-184 
ti 0 152-162 ,~-175 1&8-189 
b 1 156-167 162-180 173-194 
6 2 160-171 167-185 178-199 
6 l 164-175 172-190 182-2.04 

HEIGHT Sil.ILL BhDI.011 LAl~GB 
l'BllB PJtlftE l'BAllB 

4 9 94-101 96-110 100-1i2 
4 10 96-104 101-11.J 109-125 
4 11 99-107 104-116 112-128 
5 0 102-110 107-119 115-131 

11011Bli !> 1 105-113 110-122 118-134 
of 5 2 108-116 113-126 121-138 

AGES 25 5 J 111-119 116-130 125-142 
and 5 4 114-123 120-135 129-146 

OYBB 5 5 118-1:t7 1l4-1l9 ll..J-150 
5 6 122-131 128-143 1.37-154 
5 1 126-135 132-147 141-158 
5 8 130-140 130-151 145-103 
5 9 134-14 .. 140-1!>5 1 .. 9-168 
5 10 1ltS-148 144'-159 153-173 
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.lppebdl.X C 

WJU~""rEN E:l.PL11AT10H OP STUD! PB0VID1'D TO ALL PEkSOiS 
IITERBSTED i1 PABTICI.PATI»G AS SUBJECTS 

Did you knov t.aat. certain lipoprot.ein fractious touna 

in the bl.ood are correl.ated to incidence of coronary artery 

disease and report.s baye shovn that. yeget.ilrians vbo regu-

1.arl.J consuaed lov-fat, lov-chol.est.erol di.ets shov~d reduced 

leYeJ.s of the l.ipoproteJ.D 1ipid fractions? The obJect.iYe of 

our research st.eas froa that. preaise. lie vill. att.eapt. t.o 

eYal.uate the source of cU.et.ary protein on plasaa lipids and 

lipid proteins. Subjects will be diYided into 1 of 3 die-

tary treat.aerat. groups in which priaary source of protein 

will coae froa: soy, dairy and egg vhi'le respectiYel.y. Tae 

subjects vill be i:&Ssigned to each treataent bJ randoaized 

bloc~ design using p~a.saa caolest.erol. level.s to rauk t.Jle 

exper.iaental su.bj~s. In addition, screeni.ng based on phy-

sical. exa.ai.nation and questionnaires v.il.l also be coD.Sid-

erea.. The diets wil.l. be consuaed at the aet.abo.l.1.c titchen 

Solitude. Three aea.is A day viil be prOYided at. Solitude. 

lo food or dr~ (that includes al.coho~. guys) except vat.er 

can be consuaed outside the kitchen. ll.l t.Aree dietary 

groups vil.l c.onsuae caloric Yalues of 2800. Weight ideaily 

vil.1 be kept constant; if you begin to lose or gain weight, 

your calories will be ddjusted. 

1S4 
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APl'EIIDll C 

WRXTT.t:11 ~IPLAIATXOB OP STUDY PROYXDJW TO ALL PHBSOHS 

UITBR.BSTIW :II PllfiCIP&TilG .&.S SO&JECTS (COIITU•OBD) 

A certified Bedical Techno1ogist vi11 draw tast.in9 

blood saaples froa all subjects for piasaa lipid d~teraina-

t.ions: 30 a1 a.t screening, &O al at tile iDiti&t.ioa of t.b.e 

study, 30 al veek 2, week 3, and veelt ij. 60 al. at the te~-

aination of the st:.udJ. & fol.low-up blood saaple ot &O •1 

t:.vo weeks aft.er t.he te:cainat:.ion of 'the st.udy will a.iso be 

taken. (llo, ve a:ce not Tupi.res, vtt need the blood to 

access the 11.poprotein fract.ions.) If you ha.Ye any ques-

tions or concerns, pl.ease let. us .knov. 



Appendix D 

QUESTIOIMllllE BBQUXkE.D o, ALL IRTBil&STRD PEkSOMS USBD TO 
DETBBKDIE SUBJ:E.;C~ BLIGXBl:LXTY 

la.ae _____________________________ ~ lge _____ _ 

Adaress ____________________________________________ ~-----

Phone _____________________________ _ 

1. Bisto:cy of CardioYa.scu1ar disease (li yes, spec.Uy what. 
t.ype of condition). 
Personal. ____________ _ 
Grand fat.her ________ __ 
ftat.erna.1 ____________ _ 
Paternal.. ___________ _ 
Pat her ______________ _ 
Brother(s) __________ _ 
Unc1e (s) ---------lo ltDOVD hi.story ___ _ 

2. BaYe you eyer been di.agn.osed as aayi.Dg ayperlipoprot.ein.-
eai.a? 
No Yes ___ __ 

l. ll yes, specify which type _______________________ _ 

4. BaYe you eYer beeu diagnosed as haYing hJperg.1.Jceaia or 
diabetes ae1litus1 
Mo Yes ____ _ 

5. Are you taking any aedic&t.1.ons on a requl.ar ba~.i.s? 
lo Yes~---

6. :If yes, specify the naae and daily do.sage of t.Ae ae<1ica-
tion. 

7. Are you on b specia1 diet? 
lo Yes ____ _ 
If yes, specify what type ________________________ _ 

8. Do you suppleaent your diet vith either Yitaain(s), 
ainera1(s) or protein? 
lo Yes ____ _ 
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10. 
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A.PPEIIDI..X D 
QUESTI081ARI.E RBQOIHKD 0~ IiTEliES'.l'}';O PR~SOIS 

DSED TO DETEkftl.N~ SOBJ~CT ELI.GIBILITl (COBTIMUi;IJ) 

I.f yes, ~pecify the 
of each suppleaent. 

brand naaes and tJle da.Ll) aosage 
witaain(s) _________ _ Y itaaiD-aill eral. ________ _ 
ainera.l(s) ___________ _ protein. ___________ _ 

Do you saoJte? 10____ Yes. ___ _ 
If: yes, vlu.ch ot the iolJ.oving do you use? 
cigarette pipe __ _ 
ci.g ar chew i.ng tobacco __ _ 

11. Do you use any recreationa.l arugs? (ie. pot, LSD, 
cocaine, etc • ) 
Bo Yes. ___ _ 

12 • .lre JOU a. vegetarian? 
lo !es. ___ _ 

13 • .lre JOU a.ll.ergic to any specific foods? 
Bo Yes. ___ _ 
I.f Jes, list foods you are ulergic to _______ _ 

14. Would you like the results of your analysis? 
lo Jes ____ _ 

15. Do you plan or ant.i.cipate being out ot ~ovn troa April 
20th to aay 20th? 
lo Yes ____ _ 

16. What vill your address be in June of 1981? 

Social Securityt ______________________ _ 

Blood Pressu~----------------aa Hg 
Height ca 
Weight kg 
Total. pl.asaa cholesterol agl 
Tota1 plasaa tr1gl7carides ag~ Urinaiysis. ________________________ _ 
Beaoglobin. _____________________ __ 
Bea atocr.1. t ------------------



Append.:...x B 

POOD FR~U~BCY QOESTIOHBAXRE BEQOIJiED OF ALL IBThRESThD 
PXRSOBS USKD TO DBTBBIU•B SUBJ~CT BLIGl.BlLITI & BATIMG 

HABITS 

:I. :Instructions: 

Indicate whether or not you eat the tolioving foods by 
checking t.he coluans ltJ>Oli1 'r BAT• or •no EAT• tor ec.ch itea. 
Por each food you aaYe c~c~ed •DO BAT• write the a~proxi-
aate nuaber of tiaes you eat. it i.n a veek. If you eat any 
particu1ar food less than once a vee~, do not vrite anytning 
in the col.uan •TIUS BATU PBB IIBBtc•. 

POOD 

Chicken 
beef, haaburyer, Teal 
liver,kidney,t.ongue,et.c. 
l.aab 
cold cuts 
hot dogs 
pork, hall sausage 
bacon 
fish 
shellfish 
kidney beans,pi.nto,etc. 
soybeans 
nuts or seeds 
peanut. butter 
tofu 
cottage cheese 
cheese 
ice creaa 
yogurt 
pudcii.ng and custard 
ailkshak.e 
sherbart 
ice ailk 
vhol.e grain bread 
white bread 
rolls,biscuit.s,auffi.Jr.s 
bagel. 
cracters,pret.zels 
pancakes,vaffles 
cereals 

I>on•t Bat Do lat Tues Eaten/Week 
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APPKNDll E 
FOOD PR~QUEICY QOESTIO.IAillE REQUIRED o, ALL I•TEBESTBD PEBso•s 
USED TO DETERKIIB SU~JBCT ELIGXBILrl! ~ BATDIG HABITS (COITIIUED) 

POOD 

white rice 
brown rice 
noodles,aacaron.i,gri~s 
pizza 
potato chips,friecl snacks 
toaato,toaato sauce/juice 
tangerine 
grapefruit 
leaonade 
vhite potato 
turnip 
peppers 
orange juice 
oranges 
lettuce 
asparagus 
cabbage 
broccoli 
brussels sprouts 
spinach 
greens(collard,kale) 
carrots 
art.icboke 
corn 
sweet potat.o.lJaa 
zucchini 
suaaer sguash 
winter squash 
green peas 
greeDl'Jellov be·ans 
hoainJ 
beet.s 
cucuabers or celery 
peach 
apricot 
apple 
banana 
pineapple 
cherries 
cakes,pies,cookies 
sweet roli,douganut.s 
hard candy 
chocolate candy 

Do Bat T.i.aes Ba.ten l'er 
liee.lt 
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APPBHDll B 
FOOD FREQUhNCY QU~TlOIIA.DlE BEQUiliED OF ALL I•TER~STElJ PBBSOIS 
USED 'l'O DBTEKBIIE SUBJECT BLXG~B1LIT1' & EAT1BG HABXTS (COBTIMOBD) 

FOOD 

jelly 
cocoa 
vi.De 
beer 
cocJttails 
fruit drink 

Don•t Bat. Do F.a.t Tiaes kten Per 
WeeJt 

XI. Belov are a .list of tood iteati. P1ease indicAte the 
foods you consuae DllLY. 

FOOD 

whole ailk. 
21 •ilk 
sll• ailk 
sweetened carbOnated 

beYerage 
unveetened carbonated 

beYerage 
coffee or tea 
sugar 
creaa or hal.:t & half 
non-dairy creaaer 
butter 
aargar.iue 
aa.yonnaise 
aa.yonnai.se or siailar 

t.ype dressing 
liquid yeqeta..ble oils 
sal.ad dressi11.ys 

Don't Eat 

List. types of &a.lad dressings. 

Do Eat '.riaes Eaten/Day 

Tiaes Bc1ten/Day 
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.lPPEIDll E 
POOD PB~UEBCY QUEST10.Nl.ll.U BBQUIB1W 01" AJ.L llTEB.f.STJ:U> PUSOIS 
OSZD 'l'O DE'lBBftDIB SDBJBC'r BJ.1GIBILIT1 6 BATX»G B.lliITS (COMrl.AUED) 

I1I. 1 • .lpproxi.aately aov aanJ eggs p~r vee~ do jOU eat? 

2 • .lp~roxiaateiy how aany tiaes per week do JOU eat fried foods? ______________________________________ _ 
3. .11:e you on a high fi.ber di.et.? lo tes. __ _ 
4. Do JOU eat bran as a oietarJ supp~eaent1 Mo_Yes_ 
5. on tale a•erage. aov aany aeal.s per day uo you 

consuae? --------------------------------~----~~ 
xv. Likes and Dislikes 

Tile toods listed below cons'tit.ute a large part of tae study 
aenu. in othervords. t.kere is a stiong J.i.Jteliaood you viil 
be required to eat. aany of these foods. Are you willing to 
eat. tAis food? (ie. if you a.re al.l.ergic to i't or hate it. 
check no.) 

Pood -toaatoes 
coconut 
sJtia ailk 
hard. boiled eggs, 
fried eqgs 
scrallbl.ed e99s 
oal.ets 
aushrooas 
spicy foods 
green pepper 
onions 
cottage cia.eese 
diet. dr.ui.its 
saccharin 



AppendiI F 

TiEJfTI-POUk BOOB FOOD liBCOllD BB~UI.BED OF ALL INTK.au.STBD 
PEBSOHS USED TO Dh~BB1•E SUBJECT BLl.GIB1L1TY & EAT18G 

HABITS 

~ food record is a Ya.lUAble 
educa.t.iona.l tool vlri.ch can be used 
by you and tne dietitian to exaaine 
your present eating habit. and your 
caloric and nutritional int~ke. 

P1easa vrite down your food 
intake for y&st.erday. Xf t.his vas 
not what JOU consider a. •typical• 
day, (i.e. veexend, eating in 
restaurants) choose another recent 
day that you can reaeaber fairly 
wel.l.. 

List each food that JOU ate, 
i.ncl.ud.ing al.l bevderages, snac&s 
and condi.aents. Estiaate serYing 
sizes in aeasureaents such as tea-
spoons, tablespoons, cups or ounces. 
Describe ADJ foods JOU are u11S11re 
about bJ brand naae, size, etc. 

Thank you for your cooperation. 

B1l.ftPLB: 

Wilen & 
Food 

Orange juice,unsveet. 
coffe~ 
Crea.a-half & hait 
Sugar 
Bgg, fried 
Toast, Hollywood diet 
ftargarille(for t.st,egg) 
Ritz crackers 
Cheese-cheddar 
CoJte 

uount 

8 oz. 
16 oz. 

4 Tbsp. 
4 tsi,. 
1 large 
2 slices 
4 tsp. 

4 
1•square 

12 oz. can 
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Appendix G 

.Bl.BRCI.SE AID ACT:IYITY ~YBL ODBS1'l.OB1AIRE 

laae--------~--~-----------~----~~---

Below are a list of exercises and activities. B~ch question 
has 3 parts to it. If you pa.rt.icipate in tJle act.ivity or 
exercise, pl~e coaplete al..i. .3 parts. If JOU do not. part.1.-
cipate in the activity, please leave blank. (Consider what 
you vil.l do or are doing froa January to June 1981.) 

1. Baseball 
A. Days/Week 1_ 2_ 3_ 4 !>_ b_ dail.y_ 
B. What level ot intensity: l.ight_ a:i.l.d_ 

aoderate ___ vigorous_ 
c. Bov long 1 

2. Basket.ball 
A. Days/week 1 ___ 2_ J_ 4_ s_ b_ d4ily_ 
B. Vb.at. level. of intensity: light_ a.Lld_ 

aoderate ___ vigorous ____ 
c. Bow long? 

l. Bowling 
A. Days/veet 1_ 2_ 3_ .. _~-ta_ daily_ 
B. What leve.l of int.easit.J: llght_ aild_ 

aoderat.e ___ vigorous ___ 
c. HOV .long? 

4. Cal.isthenics 
A. l>ays/lfeelt 1 ___ 2_ 3 ___ 4_ 5_ b_ dca.J.l.J_ 
B. lihat leve.l of intensit.1: l.ight_ atld_ 

aoderate ___ vigorous ___ 
c. Bov l.ong? 

5. canoeing 
A. Days/week 1_ 2_ J_ 4 S 6_ da.LlJ_ 
B. What leve.l of intensit.J: light- aild_ 

aoderate ___ vigorous_ 
c. HOV long? 
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.lPPENI>ll G 
JUXllC1SE AND ACTIY1TY LEY.KL QOBSTIOIM1IRB (CONTiNUEO) 

6. Dancing (square, c.i.ogging, bal.lrooa, aodern) 
A. DaJs/vee~ 1_ 2_ J_ 4_ 5 ___ b_ daily_ 
B. What l.eYeJ. of intensity: l.ight._ aild_ 

aoderat.e_ Yigorous_ 
C. HOV long? 

7. Chopping vood 
A. Days/lleek 1_ 2_ 3_ II 5_ 6 daily_ 
B. What 1eYe1 of intensity: 1ight_ ail.d_ 

aoderat.e_ Yigorous ___ 
C. BOif l.ong1 

8. Gardening 

9. 

.l. Days/lleek 1_ 2_ 3_ "- !>_ o_ daily_ 
B. What leYel. of intensity: light_ ail.d_ 

aoderate_ Yigorous ___ 
c. Bov l.ong 1 

Golting 
l. Days/week 1_ i_ 3_ 4_ 5_ 6_ daily_ 
B. I hat leYel. of int.ensi.tJ: l.ight_ aild_ 

aoderate_ Yigorous ___ 
c. Bow long? 

10. Bacquetbal.l 
A. DaJs/Veek 1_ 2_ 3_ 4_ 5_ 6_ dailJ_ 
B. Waat leve.l of intensity: l.ight_ aild_ 

aoderate_ vigorous_ 
c. Bov .long? ---------

11. Cross COUJlUJ Skiing 

12 • 

A. Days/week 1_ 2_ 3_ 4_ s_ o_ dai.ly_ 
B. lfhat l.eYel. of intensity: light._ aild_ 

aoderate ___ Yigorous ___ 
c. Bov 1ong? 

Downhill Skiing 
.l. Days/VeeJt 1_ 2_ 3_ 
B. What leYe1 of intensity: 

aocerat.e ___ Yigorous_ 

4_ s_ .,_ datly_ 
light._ aild_ 

c. HOV long?---------
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APP JslU>J:X G 
XJ..BRCISK AMO ACTIVITY LBYRL 00EST10BRA1.Rh (COMTilUKD) 

13. Soccer 
A. DaJs/lfeek. 1_ 2_ 3_ "- 5_ &_ daily_ 
B. What level. of intensity: ligb:t._ ail.d_ 

aoderate_ Yigorous_ 
c. IIOV l.ony? ---------

14. Sprinting 
A. DaJs/Veek 1_ 2_ 3_ 4_ s_ 6_ dail.y_ 
B. What level. of intensitr: l.ight_ ai.ld_ 

aoderate __ Yigorous_ 
C. HOV long? ---------

15 • .Rugby 
&. Days/veeJt 1_ 2_ 3 ___ 4_ s_ b_ dail.y_ 
B. What lewel of intensitJ: l.ight._ ai.ld_ 

aoderate __ Yigorous __ 
c. Bow .long? ---------

16. Tennis 
&. Daysj'Veek 1_ 2_ 3 ___ 4_ !>_ b_ da.1...lJ_ 
B. liaat level. of intensity: l.ight_ aild_ 

aoderate __ Yigorous __ 
c. Bow l.ong? ---------

17. Yol.leybal.l. 
&. DaJs/veeJt 1 __ 2_ 3_ 
B. What lewel. ot intensl.:ty: 

aoae1:ate_ Yigorous ___ 
c. Hov long? 

4 ___ 5_ &_ daily_ 
light_ al.l.d ___ 

18. Weight lifting 

19. 

&. D&Js/veeJt 1_ 2_ 3_ 4_ s_ &_ daily_ 
B. lihat lewel. of inteasitr: .Light_ a1..Ld_ 

aoderate __ Yigorous __ 
c. HOV l.ong? ---------

Recreational. Bl.king 
A. DaJs/veek. 1_ 2_ 3_ 
B. If hat lewel. of in-tensity: 

aoderate ___ wigorous __ 
"- 5_ o_ da.1..11_ 

light_ ail.d_ 

C. Dov long? ---------
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APPBIDJ.I G 
EJ.ERCXSR ABD ACTIYITY LRYBL QURSTIOMHAIRE (COITIIOBD) 

Part XI: Pl.ease answer the follovi.Dg questions. 

1. What is your aai.n fora of t.ransportat..1.on1 
Car Bilt_e __ 
waik. __ _ 
Other Bxplain ___________________________________ _ 

W.lla.t is the dist.a.nee you va.lk/bike per da.y? 
l.ess than 1 aile ---1-2 ail.es __________ _ 
2-3 ail.es ----~~-great.er than 3 ai1es ____ _ 

2. Do you hike? lo !es ____ . 
If yes, how aiJly tiaes p&r •oath _____ _ 

l. 

On the &Yerage, vhat is ~he dist.ance covered? ____ __ 

Do JOU 
Types: 

Do you 
Types: 

rOD? 110____ Yes __ _ 
Cross Country ____ _ 

daJs/veek ___ _ 
ailes/run ___ _ 
aov l.ong __ _ 

Field House or Track. __ _ 
days/veek __ _ 
ailesft:'un __ _ 
aov .long __ _ 

Graded surface ---da.y s/veek ___ _ 
ailes/run __ _ 
how long ___ _ 

svi.111 Bo I es. __ _ 
llecreational. ---days/veek __ _ 

t.laps/svi.a_ 
how long __ __ 

rea.a sw ia -------da.ys/lHtejt.__ __ 
tl.aps/svia_ 
hov long __ __ 



lppend:l.X H 

PHYSICAL EIA!IIBATIOM CB~CKLIST 

Skin: Color 
Eruptions 

Bead: Appearance 
Bair 
Scalp 

Pace: Appearance 

Byes: Ci:ovs 

nises 

Eyeball. aotion 
conjunctiYae Sclerae 

Texture 
other l.esions 

Distribution 

Color 

Lids 
Proainence 

cornea 

ftaisture 

Ca.aracter 

Te.odernes.s 

Tension 

Pupils 
Reactions 

Pundi 

Size Shape Beyu.:..ari.ty 

Bars: 

lose: 

lppear11.11ce 
Tenderness 
Druas 

Appearance 
lasal cayitJ 

Bou th : Brea t.h 
Lips 
Tongue 

Gingiwae 
Teet.h 

Bearing 
Disc.barge 
cana1s 

Col.or 
Treaor 
Col.or 
Color 
luaber 

Discharye 
Septua 

Pi.ssures 

l!loisture 
BJ..eeding 
Condition 

Throat:Palate & Ovula 
Posterior Pharynx 

Tonsils 

leek: Lyaphaodes 
Thyroid 
Beins 

Lesions 
DeY1.at1..on 
Teitui.-e 
Pus 
Dentures 

Shoulder Girdle: Swelli.Jlg Tend~rness Joints 
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APPENDIX B 
PBY51CAL EXAIUMATIOI CBBCKL1ST (COBTI~UED) 

.lras and Banos: Defo:aaities Tenderness 
Fingers: 

Bot.ion Skin Back: Detoraities 

Chest: Shape Respiratory ftoYeaents 

Heart: .lpex iapul.se Locat.ion 
Thrill 
sound::. Rate 

auraurs 
Pulses EquaJ.itJ 
Bl.ood l'ressure 

Lungs: 

.lbdoaen:Si.Ze 
derness 

Shape 

Rhytba 

Spasa 
Li.Yer 

niae 
Spleen Kidneys 

InguJ.nal. 
lJ•phnodes 

Legs and Peet: Position 

Reflexes: 

Abnormal !lot.ions Joint.s 
Loca1 Swellings 

Biceps 
Triceps 
Knee 
.lnkle 
Boa.berg 

Genit.al.ia: 

.lnJ a.bnoraa1 findings otherwise. 

Cha.racter 

I.nt.ensitJ 
QuaJ..it.J 

Cha.ract.er 

ftabses Ten-

Ber-

Tenderness 
:t.:aena 
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Appendix J 

ftRTHOD FOR BLOOD BBftlTOCBIT DETEBftIJATIOMS 

Duplicate or triplicate aicro-heaat.ocrit.s of ~acb indi-
vidual's b1ood vil.1 be deterained siaultaneously vitb blo0<1 
heaoglobi.ns. 

Procedures: 

1. Proa the lanced tl.Jlger tip bl.ood is dra.110 into :t or 3 
heparinized aicro-heaat.ocrit (capillary) tubes. 

2. Fil.l tubes to vitain 1/~ -1/2 inch of end. 
3. Seal. the filled end. of tube vit.11 •seal.-ease.• 
4. P~ace th~ tubeb in the aicro-centrifuge being caretui 

t.o aal.e sure the sealed enas of al.l tubes are tuucning 
the outside edge of the cent.rifuge. 

5. Secure the lid of the centrifuge 4Dd ~et. the tiaer tor 
10 11inutes. een~r.1.fuye at. 3000 rpa. 

6. A.llov the centrifuge t.o ~t.op vit.hout Uiie of t.1le bra.Jte. 
7. Bead t.he bOttoa of the aeni~cus oft.ht plasaa and tne 

top of the packed red cells. 
8. Express tae Yoiu.e of red biood ce11s ~ perc~nt ot 

v hole blOOd. 
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Appendix K 

WBI.ftEI AOTBOB.IZATIOI POB PABTJ:Cn>AfiOI I.Ii TB.I STUD! 
HEQUDiED POM ALL SUBJECTS 

.I have received an oral. and written explanation o:t the 
study and aawe had an opportunity to ask quest~ons • .I 
understand tae following: 

Purpose: The purpose of the study is to provide inforaa.tion 
on the effect of dietary protein source on blood. lipids in 
adult aales. 

Procedure: Twenty-four subjects (aged 18-28 years)•~ be 
recruited. during Barch 1981. Screening vill. be based on 
resul.ts of pre-exper.iaentai questionnaire, pre-e1periaental 
t.otcll and HDL cholesterol aeasureaents and a physic.u. exaai-
nation by a physician. 

The subjects vi.!.l. be aatched in 3 aietary groups (8 
subjects per group) uoing a randoaized block d.es.1.gn. The 
priaary source of protein for each dietary group vill coae 
fro• soy, eqg vhit.e or dai.rJ. Tne sllbjects vil.1 consuae 
t.hree aeals a day (appron.aatelJ 2800 k.tloca.l.ories per aea.i) 
that will be served. at Solit.ude, t.be aet.aboilc kit.chen. Tb.e 
diets are vell-bal..anced and aeet Uie daily d.1.etarJ :regllire-
aents for the aajor nutrients. ao food or drinlt except 
vat.er aay be consuaed outside of Solitude. 

A certified aedical Technologist. v:i.11 drav fasting 
blood saapl.es fro• ail subjects for lipid deterain~t.i.ons 6 
tiaes: 5 al o~ screening and Weeks 2, 3, 4, and~; and bO 
al at Weeks 1, and foliov-up. Cao1esteroi and triglyceride 
concentrations will be det.erailled in tot.ell. p.Lasaa and vari-
ous plasaa lipoprotein fractions. 

ill. .i.nforaation obtained vtll be held t»trict.l.y cou:f.1.-
dentia.l and •i.l..l. be used for stati.sticai purposes oniy. 

lo coapensation will be offered it injury is incurred 
as a result of participation in this project. The sUbjects 
•il.l be ellpect.ed to advise t.b.e researchers of any aedical 
probleas that arise during the study and are free ~o vith-
drav consent and discontinue participation at any tiae. 
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.lPPEIIDII & 
WRITTEN AOTHOklZATIOH .P'OR PART1CIPAT10M IM TBE STODI 

REQUIRED POR ALL SUBJECTS (COITI•OED) 

Any inquiries about procedures bJ the subjects vil.l be 
answered at anJ tiae. 

Upon successfu1 coapletion of the studJ, subJects vill 
receiYe three dollars per claJ (approzi.aately ninety dol.1ars) 
for participation. 

I understand the above and agree to participate in this 
st.udJ to be conducted at Yirginia Polytechnic l.Dstitute and 
State UniYersitJ during Spring quarter~ 1981. 

(DATE) (Ill£) 

Principle IDYestigators: Dr. P. v. Thye (961-6220), 
Dr. J. Taper (961-5549), 
Dr. s. J. Ritchey (9&1-b719), 
Dr. L. P. Perreri (9b1-b331). 

Other In•estigat.ors: Bary Lou Johnston, B&rJ Lou Price, 
llcarJ Saith 

Chairaan, Institutional. keYiev Board for Besearch InYo~Y.1.llg 
Buaa.n Subjects: Dr. Bilton Stoa.bl.er (961-~28.J) • 



APPE?IDIX L 

Description of Stwy Participants by Tv]e, Weight, Heroglooin, Hematocrit am urinanalysis 

Subject Initial Age Weight (kg) Haooglooin Hematocrit Urinanalysis 
(~lOOnl.) (%) 

C.G. 24 69.2 16.3 47% NN 
M.W. 28 88.2 18.8 50% NN 
C.K. 27 59.8 17.3 48.5% NN 
B.H. 24 81.2 19.6 57% NN 
B.F. 24 77 20.4 55.5% NN 
B.P. 22 81.5 19.3 56% ~ 

K.M. 22 70.5 19.3 53.5% NN 
.... J.T. 21 74.0 19.7 56% m 
-...J c.w. 28 70.5 18.5 61% NN .}.-1 L.C. 24 63.7 19.9 56% NN 

A.W. 21 63.7 21.7 59% NN 
B.C. 19 72 17.6 52.5% NN 
P.D. 21 67.5 17 48% NN 
D.D. 22 62.9 18 50% NN 
L.S. 23 64.7 17.6 50% NN 
M.S. 26 56 18.5 51.5% NN 
c.s. 21 88.7 18 51% NN 
G.M. 22 75.9 16.9 47% m 
J.S. 21 83.8 16 46% NN 
B.M. 25 77.8 18.8 50% m 
K.L. 22 76.5 17.2 48% NN 
T.M. 24 80 19.8 52% NN 
T.C. 26 72.5 18 49% NN 
J.L. 20 67.8 18.3 56.5% m 
X 'tSD 23. 5 :!: 4 12. 1 ±8 18.4 "t 1 52.2 ±4% 

m N:>nnal-ti:> glua:lSe present; Heooglooin based oo mg/100 ml1 Hematocrit based on % Red Blood Cells. 



APPIN)IX M 

Assignnent of Sttrly Participants to Treatment Groups Using 
I 

Screeni.l'Y:J Values of ClY.>lesterol am Body \'eight 

Subjectl Coolesterol wt. SUbjectl ClY.>lesterol wt. SUbjectf Ox>lesterol wt. 
(n-g/lO<nl) (kg) (n-g/lOCbl.) (kg) (ng/lOCbl.) (kg) 

1 201.2 72.0 9 151.2 61.0 17 179.3 56.0 

2 164.5 74.0 10 146.4 88.7 18 188.0 67.5 

3 157.1 72.5 11 206.7 69.2 19 161.9 76.0 
I-' 
...J 4 185.2 64.7 12 193.4 70.5 20 156.6 64.8 ,I:,,. 

5 154.1 83.3 13 167.5 77.8 21 193.4 88.2 

6 156.7 81.2 14 162.1 72.9 22 148.6 81.5 

7 180.0 80.0 15 162.9 67.8 23 169.8 76.5 

8 164.7 59.8 16 159.4 77.0 24 178.7 70.5 

X ±.SD 171.1 t 9 73.41:.7 168. 7 ± 20 73.l ± 3 172.0± 15/72.5±.9 
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APP!:C)IX N 
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c:xii:nit oil u.1 ci- 56.1 

SIi/ c:arr.,c ~ ~1::11:1 
IO/tl.-.. 52.5 c:ar:oc Rides JO 
cac'CXS 55 d1nlwr :oU !il 
c:ae-ca u., aarqar'..na 9.4 
t:lrcM\ m;ar ll.? ~ bNrl aucole 
191 yollcs 25.5 CIOCalUI: oil :i 

par 180 ~balm n 
gr-, ~w1dl an.~ IOli;I 1.22.5 

IO/ ~ cann.s IIIJShrcXlnl 52.4 
!IBQ Nuca 93.8 dip. oni.ons 40 

:1:11111:0 -- 84.9 gol.dc I.IMge ~ 56.7 
~~ 5 9111~ 28 
oru.al 5 nao:arau (c=akadl 70 
':VP JJ :.ccn ~ alee IJIIXicl 

l'~bun 52.8 vanilla pudd.i.nq 27 .! 
Jelle ale u;ar 33 

dry j.UC 37 .9 avap:acad slc:.a ~ 163 
t:w.c c:cclcUil 5,i.3 :an:m jm.ca 2!.J 

rUSlll :a:lt CXlic1.9 
l9l ~lk 9.5 
~a,;u :.1.:. 
~.lie ? 
oxen.-,: oil ,;.a 
IO/ !lollr 7.3 
loCU.2 c.cur l!.3 
c:x,col.ata :u.;:s !,0.3 
IO/ JW::S :..,.2 

:ood !tan olel.;111: 

oaci.al 
:l.ad eqq "1U:a Z7 
~ll\S :.J.5 
rel.lad oaa zo 
:'OIC\ IIIJgar 34.Z 
a::!!-,:e u.a 
llllr'C?U"'-.,. 18.a 

applaauca I.;, .3 
?u.a(,lple C'UllCs :.2Z 
oranqe ;w.c:e !.24.5 
.,. wtute anal.et 

cr-..scc oil :.J.E 
egq \C\:.ta '~, l9.8 
~~lks 34 
s;,Ullld\ 7l 
=-~~ 56 

baqel 28.4 ~-.,. 24.6 
qnpeJelly l4 
~ 
~ eqq \ohi:a 9 
o:x:ca 7 
wtuca u;u 48 
!°..au:' 23.4 
c:"..KO 24 
pair " lBO 

s;:~· nca ~ 
~ b:I 52.8 
d:'-..-1 9'?i wtu:a !8 
=t~ a.a 
~~ !.O 
oruat LO 

380 AUC9 , •• 5 
~ A\ICe 5,i.6 
~ (a:iok,ad) 55 

S!IJUn 65.3 
~ 9.3 
Jello al.ad 

c:l.ad ~ -nita U.5 
~Jit e::x:x-JJ.l 27.~ 
:y Je.l...o 37.9 
card't :::0:C:: ·~ ... 



APFel)IX 0 

Par-..l.&l ~a.w Analysa of ~ .>i.r.s c~ 456> 

!::sq:, (lrcal.) 272' 2851 

~ (~l !Ol.J 98.J 

~ c~c.J 74.t 75.8 

~ (nan-
~ J&.4 23.l 

~ca 
(qrmal J5l. 7 JH.9 

~ rac 
(gram) lOl.l l00.2 

Sac.:nUd ~=-1 
~ (qzaral 47.4 41.7 

i'olyunua:ra~ 
t&c:y cida <c;raml !.8.t l5. 7 

-,/S :ado .Jff .37' 

Ox,~ 
(IIIJI 50I 580 

2717.9 

:.oo.3 
~(-.). 75.0 

2!.5 

349.l 

l09. 7 

i'olyunuc=acad 
~c:y c:i.ds (granil 23.J 

.aJ 

Dlw"/ 

105.a 
75.8 

JO 

350.l 

l!.3 • .i. 

50.5 

.. 0.2 

.400 

2782.J 

99 

75.& 

23.4 

llt.2 

uo.a 

49.J 

ia.a 

.381 

308 

J7H.9 

101., 

75.6 

2, 

UJ.: 

57.8 

21.J 

.37 

179 

2704.4 

77.5 

29 

347.4 

lOt.2 

50 

lt.fi 

.Jt2 

508 

lCl.7 

79.0 

24.i 

366.9 

108.9 

li.J 

.399 

!08 

2756.5 

99 

24.& 

349.8 

lOt.i 

!6 

580 

l09.S 

!J.J 

sao 

2908 

106.2 

75.& 

30.6 

l07 • .i. 

52.J 

2!., 
.41 

508 

2713 

102., 

~.6 

26.a 

, ... ~-J·, 

:.01.1 

l5.3 

,401 

508 



Appendix P 

SERVING SIZE OP FOODS (IN GRA~S) ADDED TO BOTH DIETS TO 
ADJUST FOR BODY WEIGHT 

SERVING~ 

276 KCAl, ill !Q1 

Boman aeal bread 8!>.2 170.4 

Parkay margarin~ 9.2 18.4 
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APPEWIX Q 

Average Daily Nutrients CooslJned per SUbject With 
Foods Added to Adjust for Body Weight IDss 

276 kcal adjustment 

s::Jl M:N-FAT MIRY 

Energy (kcal) 3002.3 3093 
Pmtein (gm total) 111.9 111.4 
Pmtein (gm treatlnent) 76.6 74.5 
Pmtein (gm non-treatment) 35.4 37.1 
Pmtein (I of cal.ories) 14.9 14.4 
carbohydrate (gm) 394.2 383.8 
carbohydrate 

(I of calories) 52.5 49.6 
Fat (gm) 119.3 118.9 
Fat (I of calories) 35.7 34.5 
P/S ratio .42 .42 
Ox>lesterol (nq) 504 580 

&:JI R:N-FAT DAIR{ 

Energy (kcal) 3278.3 3369.4 
Pmtein (gm total) 129.9 120.4 
Pmt:ein (gm treatment) 76.6 74.5 
Pmtein (gm l'D'l-treat:ment) 44.4 46.1 
Prote:in (I of calories) 15.8 14.3 
carboh.ycrate (gm) 432.7 418.8 
carbohydrate 

(I of calories) 51.7 49.7 
Fat (gm) 129.7 128.9 
Fat (I of Calories) 35.6 34.S 
P/S ratio .44 .44 
Cholesterol (nq) 504 580 
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m; WHITE 

3093 
111.3· 
75.6 
35.7 
14.4 

383.7 

49.6 
120.8 
35.1 

.41 
504 

m; WHI'.tE 

3369.9 
120.3 
75.6 
44.7 
14.2 

418.8 

49.7 
130.8 

34.9 
.43 

504 



APPENDIX R 

Average Daily Nutrients Calsuned Per SUbject 

&Yi GRXJP ~~ Em~ 
GR:XJP GR:XJP 

Energy (kcal) 2726.3 2817.4 2817 

Protein (gm total) 102.9 102.4 102.3 

Protein (gm treatment) 76.6 74.5 75.6 

Protein (gm l'Ol-
treatment) 26.4 28.l 26.7 

Protein (% of calories) 15.1 14.5 14.5 

Ca.rlx>hydrate (grams) 353.7 348.8 348.7 

Ca.rlx>hydrate 
(% of calories) 51.8 49.5 49.5 

Fat (grams) 108.9 108.1 110 

Fat (% of Calories) 35.9 34.5 35.1 

P/S ratio .401 .40 .39 

OX>lesterol (m;) 504 580 504 

1ai 



APPENDIX S 

Descript.ia1 of Reagents Used in '!Tiglyceride Det:eJ:minatialsl 

Cl) isopropyl alaml - high purity isopropyl a.l.cob:>l 

C2) stock saponificatial reagent - an aqueous solut.ioo of 
pot.assiun hydroxide C20% w/v). 

CJ) oxi.di.z.in;J Reagent - a solution of sodiun meta-peridate 
(0.0651 w/v) and mmcniun acetate (7.7% w/v) in aqueous 
glacial acetic acid (61 v/v). 

(4) color magent - a solutial of 2.4-pent.anedicne (0. 751 v/v) 
in isqlrq>yl alool'Dl. 

CS) stock triglyceride standard - a solution of triolein 
(11 w/v) in ~:cq,yl alcx)lx)l. 

C6) ext:ractiai reagent - high purity n-heptane 

C7) acid alool'Dl reagent - a solutiai of 0.08 N aqueous H2S04 
(241 v/v) in isopropyl alexxx>l. . 

lstanbio Laboratory ESC Triglyceride Test Kit, Texas. 
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APPEN>IX T 

Pmximate Analysis of Experimental Diets 

Day 1 (Menu A) 

Say NFIM Egg White 

I Asha 2.9 2.5 2.4 
I lot:>isture 63.7 63.8 70.0 
I Fata 7.5 7.2 7.5 
Protein gm 121.4 117.8 115.8 

Day 2 (Menu B) 

I Ash 2.4 2.2 2.3 
IMoisture 68.8 68.8 68.0 
I Fat 7.4 7.8 7.7 
Protein gm 110.6 113.7 116.4 

Day 3 (Menu C) 

I Ash * * * I Moisture 72.4 75.4 74.4 
I Fat 6.5 6.2 5.5 
Protein gm 91.9 99.6 117.6 

*Data unavailable 

Day 4 (Menu 0) 

I Ash * * * I Moisture 73.8 75.0 73.6 · 
I Fat 5.5 5.0 5.2 
Protein gm 108.7 109.6 107.6 

*Data unavailable 
~ ash am fat an a~ sarrple basis. 
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APP!H)IX tJ 

~ w.igba Oci;l: !ndivi=al. .)aQ 

~ SUO,c:. Sc:nw:lq Weak 

~c.il N;iin:nm-...a. 
0 l 2 J ' 

, r .... .s 10., "·' "·' H.2 . 
z 74.0 74.7 74.2 73.4 '.'3.2 72.7 
3 72.5 7l.l n.J 7l.4 7l..5 n.8 

' 64. 7 SJ.O 12., 52.4 5:., 52.l 
5 83.3 92 • .S 12.4 91.5 80.8 80., 
5 11.2 80.5 80.7 80.J 79.5 78.B 
7 ao.o 80.0 ':'9.4 78.8 71.7 78.4 
I 59.8 .St.I 59.8 !9.4 .s,.2 .sa., 
i:SIM 73.& :.3 73.0: J 72. 7: 3 72.J:J ~-9~3 n.5~J 

3 9 n.o 50.6 51..0 60.7 50. 7 ,o., 
10 18.7 "·' 17.2 8'.2 85.7 15.2 
u '9.2 H.8 U.7 '8.l f7.7 '7.4 
12 70.5 n.o 70.4 59.5 5a., "·' lJ 77.8 79.1 11., n., 7i.S 77.2 
l4 72.9 74.; 73.4 12. i 72.0 r .. 3 
l5 '7.8 56.7 "·' 66.8 ci(i.9 56.8 
l6 77.0 "·' 7&.7 "·' ,,.o 75.& 

i:sDt 73.1:3 73.l: l 72.8 = 3 72.J-: J n.tt J n.1:3 

C 17 157 .5 M.J H.5 H.6 "·' 66.4 
11 56.0 !5.8 56.2 56.5 Si.5 56.5 
i, 75.9 74.8 73.9 r.. i 72.4 72.0 
20 SJ.7 54.l &3.7 153.7 u., u., 
Zl 81.5 90.3 aa.2 17.0 a&.4 8'.0 
22 sa.2 80.2 79.9 79.2 71.7 78.l 
23 715.5 75.4 75.& 75.2 74.1 75.l 
24 70.5 10.l 69.9 69.9 U.7 "·' 
lZ:2:1 n.,:-3 72.2: J n.1:J n.J~l il.!.: l 70.t:J 
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APPfK>IX V 

Ser\JII Triqlyc:eride c.onc.ntrationa: ImividuAl Data 

Grrup SubJec:e • loiNlc 
Initi&l. E)cpar .JIW\taJ. Fol.l.cJw,,up 
0 1 2 3 4 6 

l 78.4 72.4 44.J 50.4 45.J 69.6 
2 U6.4 102. 7 82. 7 U.9.5 73.6 l43.9 
3 109.J 107.8  75.6 U3.2 65.l 85.7 .. a9.l 76.4 57.2 71.6 86.2 65.7 
5 99.7 66.2  58.S 85.4 59.7 123.l 
6 60.0 43.4 30.l  76.4  62.7 71.0 
i Ul.6 163.l l47.9 155.6 l73.2 15~.7 
8 70.l  68.5  49.l  62.9 95.2 64.9 

rtSEM 90.4 :10 86.2 i: 10 66.8: lO 91. ! ~10 81.J: !.O 96.tl ~lO 

8 9 50.5  73.2  45.J  68.8 44.4 4o.a 
LO 95.8 109.3 80.8  87.4 76.J 91.8 
ll 83.8 90.l 82.J  84.3  71.6 65.3 
u 58.0  018.6 45.6 S8.4 103.9 169.9 
u 80.4 97.9  76.5 86.7 72.7 12.a 
u 128.4 101.9 85.9 85.0 70.9 101.9 
l5 47.8 84.2 .&3.:? 87.6  Jl.3 50.9 
16 63.6 64.2 63.2 69.6 46. 7 70.3 

xtsn1 76.l: LO 91.2 ! 10 65.4: 10  82.J ~ !.O 64.8 ~ 10  83.2:  10 

C 17 62.2 99.9 44.8 54.2 76.J 67.9 
18 61.8 68.l 24.:? ~ 36.7  62.8 
19 96.6 67.J 20.8 64.S 25.a 92.6 
20 56.0 48.9 38.l 85.2 so. 7  53.S 
2l 87.4 79.1 93.2 7l.6 52.9 54.5 
22 32.9 41.1 76.0 93.2 47.5 51.J 
23 78.5 88.2 Ul.6 l.12.ll 70.9 l09.S 
24 69.6 68.7 88.4 93.6 46.l 70.J 

~~ 70.9 1: 10 ':'0.4 :10 62.-l: lO 80.6'!:10 51.:.:10 70.6: 10 

!.!:lats w,availAbl.e 
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,\PP!N)D( w 

Pl.1.sa VUIL-rrtql~ LeYal.s: IndJ.Vidu&l oaa 

~ Sub)ect • Week 
Wtia.l. ~w. :oU.0,,-~ 

0 l 2 3 4 6 

,\ l '43.8 28.l 35.0 28.l l8.J 44.4 
2 aJ.5 36.7 56.4 55.:2 40.l ~-2 
l 70.0 59.7 57.2 61.l 36. 7 45.J 
4 39.7 26.5 37.7 28.l 24.l 25.6 
5 68.9 27.J 33.5 54.7 22.2 a 
6 27.9 a 24.0 21. 7 l7.J 33.S 
7 64.8 i'l.9 64.4 89.5 81.3 92.6 
a 38.4 l4.0 Jl.6 18.3 l6.S 28.0 

x-:m1 55.0~6 35.3 ~6 '42.9~ 6 45.0 ~6 32.a ~ 5 4l.8 ~6 

9 9 9.9 u.o 43.8 n.9 4.0 6.5 
lO 49.6 l3.2 4l.2 45.0 s 53 • .i 
ll 57.7 l9.9 40.4 29.7 23.6 32.9 
12 46.0 27. 7 25.l 44.l 30.9 95.J 
lJ 51.3 29.8 45.7 37.4 20.2 30.9 
l4 uo.2 33.9 40.8 26.4 34. 7 57.J 
LS 38.4 23.0 40.4 36.l lJ.9 U.J 
16 54.2 U.3 33.S 25.l a 30.9 

X~SEX 40.9 ~ S 2l.4!: 6 38.8 t 6 34.t !6 22.5 !: i 40.l: 6 
~ l7 43.8 Sl.9 53.0 .. 29.l 37.2 25.l ... 

lS t4.2 14.0 33.l 44.2 79.0 25.l 
19 67.3 a 17.9 25.3 • 40.7 
io 35.J 18.2 59.8 34.J 28.9 l5.J 
2! 53.0 26.4 30.l 36.9 20.2 26.0 
22 37 .2 a 24.0 46.7 23.S 27.0 
23 Jl.4 44.6 45.0 30.l 27.0 67.0 
24 U.8 27.3 43.l 46.J li.8 43.6 

1:mt 49.9!6 29.2 ! 7 38.5 ~ 6 .U.8'!6 23.S t6 34.0 ~6 

4:-aa unavail.sol• 
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THE EFFECl' OF FEEDING EITHER m; WHITE, SOY 

AND N:NFAT DAIRY PROI'EIN IN MAIE SUB.JOC'l'S CN PLJ\SMA 

LEVELS OF TRIGLYCERIDES AND VERY IDll DENSITY 

LIPOPFOl'EINS um CXNiroLLED <XNDITICNS 

by 

Mary IDu Price 

(AB.S'l'RACT) 

'!Wenty-four nale university students were fed vegetarian diets 

containing 100 grams of protein. Seventy-five grams of protein 

carre either fran SC:/, rxm-fat dairy prcx1ucts or egg white. Diets 

were adjusted so that diff~ in total caloric intake, protein, 

carlJoh¥drate, fat arrl fatty acid cxrrposition were minimal between 

the dietary treatnents. Pl.asrra total triglyceride arrl very low 

density l.ipoprotein-triglycerides were measured at the beginning, 

weekly througl'nlt the experimental period, aoo two weeks after 

a:rcpletion of the stooy. No significant differences existed in 

senm lipid values between treatnent diets IX>r was arrx interaction 

between diet arrl week observed. A significant week effect was 

observed irrlicating that subjects fed SC:/, IX>n-fat dairy products 

or egg whites respcn:led in the sane fashion to the diet fran week 

to week. This relationship was true for lx>th variables: serum 

triglycerides aoo VIDir-triglycerides. serum triglyceride cx:mcen-

tratians for all treatJrent groups c:ncbined at baseline were 79 reg/ 

100 ml, increasing to 82 rcq/100 ml at week 1 arrl decreasin:J to 

64 rcq/100 ml at week two. An increase of 84 rcq/100 ml was noted 



at week three. Decreases were ob.serve:i at week four, with serum 

ooncentrations of 65 nq/100 ml. Fran week four to follCM-up senm 

triglyceride concentration rose to 83 nq/100 ml. 

Similar trerxis were mte:i in serun VIDirtriglyceride levels 

when mean concentration were ccmbined for all treatment groups. 

Serun VIDirtriglyceride ooncentrations at baseline were 48 nq/100 

ml. At week one serum serum VIDirtriglyceri.de ooncentrations 

remained unchange:i with values of 40 nq/100 ml in both instances. 

Decreases were observed at week 4 woth serun VIDirtriglyceride 

ex>ncentratians increase:i to 38 nq/100 ml. The results inilcate 

that plasma triglycerides and VIDirtriglycerides are influencei by 

other dietary factors rather than by the protein source. 
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