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INTRODUCTI1ON

The outiook tor better health and loaygyer lifte tor the
Ameraican population rests in large measure upon elimanataon
of vascular aisease as & cause of death and disabiiity.
Attention has peen focused on various lipid factoirs in the
blood of patients with atheroscierosis of the coronary
arteries. Abnormally high concentrations ot serum choiest-
erol have been shown to be present in patients witn disease
of the coronary arteraies. Saimiiariy, other studies have
established &n associstion between eievetion of serum tri-
glyceride concentrations and coronary artery disease.
Advinces in iaboratory technigques, particularly uitracentri-
fugation have permitted direct guantification of lipopro-
teius which nave also been tied to the development of ather-
osclerosis. HNoreover, numerous investigations have
atteapted to demonstrate dietary factors whica decirease tae
serum concentraticns of cholesterol, tragiycerides and whicn
ultimately couid influence the development of cardiovascular
disease. HMost of the research emphasis to date has been on
dietary fat and cholesterol. Some consideration has beebd
given to other dietary coastituents such as sugar and fipre,
but relatively little atteation has beenr given tou dretary

protein. This 1s somewhat surprasing since, from the time



of the first successful demonstration of experamental ather-—
osclerosis by dietary means, there have been indicatious
that the process might be influenced by the type oxr protean
in the diet. Moreover, epidemiological data derived from
human populations show a positive correlation between dniRal
protein in the diet and mortality from coronary heart
disease. Vegetarians are known to have lower plasma lapad
levels than other segments of the American popuiation ana
more recent dietary trials provide eviaence that piasma cho-
lesterol can be reduced in humans by substatuting plant pro-
tein for animal protein in the diet.

lLess clear, novever, 1s the association betwveen aietary
protein source. Few researchers have reached definivive
ansvers concerniny the effect of protein source oan serua
levels of traglycerides and VLDL.

The present study was designed to investigate the
effect of different sources of dietary protein oa plasmsa
triglyceride and VLDL levels in young adult male subjects.
Bales vere chosen as the study population because ot the
higher incidence of coronary heart disease in this sex.
Under controiled metabolic conditions, subjects were fed one
of three dietary treatments in which the praimary source of
protein came from either e€gg whate, soy or nonfat dairy pro-

ducts. Dietary treatment was 1n e¢tfect over a four week



period auriny which time blood lipids were determined.
Blood lipid concentrations were also determined at a two

week follow-up.



REVIEWN OF LITERATUKE

1. Plasma Lipads, Lipoproteins, and Coroaary Heart
Disease

A. Coronary Heart Disease - General Information

Atherosclerosis 1s by far the leading cause 0t deatk 1D
developed countries (Schettlier, 1977) . Tne task fource on
atherosclerosis reports that the United States ranks second
highest in the world in mortality attrabuted to coronary
heart disease (Task Force on Atherosclerosis of the National
Heart and Lung Institute, 1971) . Purthermore, coronary
heart disease is the number one cause of disabilaity in the
labor force (Social Security Adsinastration, 1971), aud
sixty percent ot the cost of hospital and outpatient treat-
ment are in some way attributed to atherosclerosis (Scoett-
ler, 1977).

In effect, the annuai costs of the epiaemic winether
they are derived tfrom direct costs for meaical care or inai-
rect costs for losses to productioun, are estimated to ve in
the bitlions (President®s Commassion on Heart Disease,
1965) .

In an effort to approximate the cost ot coronary heart
disease, Dr. Stamier, chairman of the Department ot Commu-

nity Health and Preventive Medicipne at SNorthvwestera Heaical



School summarazed the scope of the epademic by stating:
eee™the toil in human masery is beyond caicuiatior™. (page
9).

B. The Pathogenesis ot Coronary Heart Disease.

Even though c¢rterial disease is tne chief cause o1
death in the United States and Western Europe, 1its cause and
pathogenesis remain unresolved (Wissler, 1973).

A major probiem is that the disease progresses 1ilisidi-
ously for many years before symptoams develdp making 1t daf-
ficult to foilov early deveiopment of the disease in indavi-
dual patients aud to relate causability to the types ot
lesions found. Consequently, much research in the area has
concentrated on risk tactors that are present in tne
affected population. (Stamler et al., 1972). Stail, other
research has focused on the morphoiogic and chemlcCal charac-
teristics of the discase observed at autopsy in tne human
(Bottcher et al., 1960) or in the investigation of amimal
models of the disease (Kritchevsky, 1969) .

Only recently huas attention been directed to the
pathology of the arterial wall and the xey roie it plays an
the accumuiation of smooth muscie celils wathan the intama
(Ross et al., 1975). BHNormal muscuiar and elastic arteries
consist of tnree morphologically distiact layers: 2intama,

media and the adventia (Benditt, 1977) . The 1ntima is the



celi layer principaliy involved in atheroscierosis, ailtnough
secondary changes are occasionally tound in the mBedia (Ross,
1975) .

Three different types ot lesiohls have been clas3iCally
recognized. Patty streaks are characterized by 4 tocal
accusulation of relatively small numbers of intimas smooth
muscle cells. (McGiirl, 1965). These tatty streaks cdause no
obstruction and no ciinicsel symptoms. In aaddition, they are
found in the aorta of every child. HMoreover, the aumper ot
fatty streaks increases with age (Ross, 1975) .

The tibrous plaque is the most characteristic liesion ot
advancing atherosclerosis (Scanu et al., 1979). 1t is whit-
ish in appearance and is elevated sO that it protrudes into
the lumen of the artery. The plaque consasts prikncapatiy ct
an accumulation of intimai lipid laden smooth musciae cells;
the lipids being primarily cholesterol, cholesteroi esters,
and trigiycerades. The cells are also surrounded by 1lipad,
collegen, elastic tibers and mucopolysaccrades. Together,
these ceils and the extraceliluiar components form « fibrous
cap. The fibrous plaque stitfens the wall and reauces the
caliber of the arteriai lumen.

The third lesion appears to be a ftibrous plaque that
has become altered as a result of hemorrhage, calciftication,

cell neurosis and thrombosis (Scanu et al., 1979).



The major curreut theories of the yenesis 0r atheros-—
clerousis smnare the belier that tne'1951ons begin &s docCaa-
ized excessive accuamutations of smooth muscuie celis 2n the
intima (Benditt, 1977; Boss et al., 1975; Scanu et ai.,
1979) . The current debate, then, is what 1nitiates tae
proliferation of smooth muscie celis. Lov densaty lapopro-
teins and insulan have demomnsrated a supportive roie 1h the
proliferation process; however, further research is needea
in determining the exact cause of cell prolifteration
(Yasugi, 1977).

1n summary, clinical manifestations ot coronary heart
disease include myocardial anfarction and angina pectorise.
However, the pathogenesis common to ail is atherosclerosis
of the coronary arteries (Hurt, 1975). Scaentists belleve
that atherosclerosis originates in the intima by proiiftera-
tion of the smoota muscle cells. Tne thickening of the
arterial wall parrovws the arterial passagevay and il
advanced stayes the plaque can become obstructive and may
eventually cause arteriel occiusion (koss et al., 1975).
II. The Role of triglycerides and very low density

iipoproteins jin thne devejopmept of jschemac

heart disedse.

A. Prospectave EKpidemiological Studies.

1. Evidence for the independent role of serum

itriglycerides in tae development of ischemic



heart disease.

No single factor as aun absolute cause ol eather
atherosclerosis or ot corondary disease. MNdany tactors are
interrelated and to the exteat that they are presecat 1n any
one indiavidual, they increase the risk ot the disease
(Smith, 1978) . Pramery risk factors include elevated serum
cholesterol, hypertemnsion, aud cigarette smoking. Secondary
risk factors ainclude familial history ot coronary heart
disease, glucose intoiserance, obesity, stress, personallity
patterns, lack of physical exercise and lipid abnormalities
(Inter Society Commassion for Heart Disease Resources,
1970) . The relationship betveen serum total choiesteroi and
atherosclerosis is well estabilshned (Blankethorn et ail.,
1978; Conner, 1968; Goldstein et al., 1972). However, some
controversy stiii exists concerniny the relaticnship ot ele-
vated serum concentration of triglycerides and the develop-
ment of atherosclerosis. M#ost availabie aata Ooh serum tri-
glyceride levels indicate an association betveen elevated
concentrations of this lipad and ischemic heart aisease
(Carlson et al., 1979). Differences of opinion exist, now-
ever, over wanether serum traglycerides exist as a rask fac-
tor in and ot themseives; independent ot serum choiesteroi

(Brovn et al., 1905; Kannei et al., 1979).



The controversy surrounding elevated serum trigyijyceriae
levels as an independent risx tactor paragues resedrchers
even today. Prospective epiaemioiogical studies hcve
demonstrated contiicting results. BResearchers froam Stock-
holm, Sweden, support the contention that piasma traglycer-
ide levels act as a risk factor independent of piasma cho-
lesterol. 1n a nine year follos-up study, Carlson aad
co-vworkers (1972) attempted to relate plasma cholesterol and
triglyceride leveis to the rate of new events of ischemic
heart disease. Subjects were participants in a previous
study and vere men who had suffered myocardial intarctions
during the previous nine years. Statistlicai analysis inair-
cated a linear increase in the incidence of ischemic heart
disease with increasing concewntration of triglycerides ana
cholesterol. To study the role of high levels of only oae
or boih plasma lipid levels, the men vwere placed ianto tour
groups: (1) men wvwitn normal levels ot both canolesterol and
triglycerides; (2) men with high cholesterol ievels ouly;
(3) men with high tragiyceriae levels only, and (4) mehd with
elevation of both lipid components. The rate of new events
of ischemic hneart daisease was highest in the group with high
values for both types of plésna lipids foilowed py the group

with elevated triglycerides only (Carlson et ai., 1972).
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fesults of the fourteen year follow-up ot the Stocknols
Prospective study were recently reported (Carlson et al.,
1979) . Using more complex statasticai anaiysis, twue
authors reached essentially the same conclusions reported
earlier. HNultipie logistac apalysis whicn i1nciudeu eight
independent variables showed that both serum cholesterol and
triglycerides were independent risk factors with a simisar
deyree of statisticai signiticance. However, when onliy age,
blood pressuie, smoking, serum tragiyceride and choiesterol
vere introduced into the muitiple logistic analysis, trigly-
ceride appeared Bore strongiy as a risk facwor than dad cho-
lesterol. PFProm the pure statistical point of view, this
analysis sugyests that the role of cholesterol as o risk
factor found in sinyle factor analysis was not due to cho-
lesterol itself, but rather to the association betseen cho-
lesteroi and some of the other independent risk factors.

Carlson and Bottiger caution against assuming causation
wvhen .nterpreting mutitivariate regression analysis, partacu-
larly when two or more variables are aintercorrelatea. Thear
contention is particulariy appropriate for the two variables
- plasma traglyceride and cholesterol which occur together
coabined in fixed proportions in the plesma lipoprotein par-
ticles (Carlsom et al., 1979).

2. Additive risk of associected serunm

cholesterol and triglycerades.
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In a four year prospective study, Brown ana
co-vorkers (1965) were aple to relate trigiyceriaes and cho-
lesteroli leveas to bota the 1ncidence and prevalence ot
ischemic heart disease. In aadition they wvere able to
assess the asociation betveen the two lipizd components aund
atherosclerosis. At the time of tae 1nitiazi determinations,
140 of the 1351 sample subjects were known t0 have iscaemac
heart disease. Comparison of those with and wiathout the
disease vas made initialiy. Mo significant differeunces in
serusm triglyceride values were evident in normal and aiag-
nosed patients. However, significant difterences were found
in serum choiesterol levelis. When groups were dividea into
thirds based on determinataon of cholesterol values (i0West
third, mediums tanird and highest third) ana traglyceriade
values, 1schemic heart disease was more prevalent in indavi-
duals with increasing ievels of either lipia. Since the
mean canolesterol level rases in each triglyceride 1ange, the
researchers postulated that the lipids are correldated and
the increased prevalence apparently associated with either
lipid could be attributed to an interaction between the two.
Purthermore, they found that triglyceride concentrations
played a determinant role in the prevaience Or 1scCnemic
heart disease when cholesterol concentrations were below 274

Rg/100 ml. Hdovwever, when cholesterol levelis were above 274
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28g/100 m1i, elevated triglyceride levels had little infiuence
on the prevaisence of the disease. Pifty-six subjects
acquired ischemic heart disease during the four year stuay
period. The diseaese occurred more frequentiy in association
with increasing levels of either cholesterol or traglycer-
ide. The authors coucliuded that it was impossible, based on
the small number of subjects, to confirm that elevated tri-
glycerides had an independeant effect on the imncidence ot
ischemic hneart disease. However, & stronger prevaience was
observed vhen both seirum cholesterol aud traglyceride ieveils
vere elevated (Brown et al., 1965).

Simiiar associations were found between serum trigsy-
cerides and serum cholesterol based on angiographic frnalngs
of myocardial infarct patients (Page et al., 1970). Inca-
dence equasions vere derived for predicting coronary heart
disease. Age and total cholesterol were found to ve hignly
discriminatiug in predicting risk. Serum trigiyceride lev-—
els were found to be a fair discriminator or rask. Trigay-
ceride levels, however, ¥Were not linearily relateua to
increased risk. That is, risk was shown to iDCrease up to
220 mg/iiter, but at higher levels the discriminatang power
vas lost. But, the combindatiocn of age, eievated total serum
cholesteroi, and eievated serum triglycerades demoastrated

the greatest probability of naving obstructive lesaons.
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The risk of corcnary heart disease was examihed pros-
pectively in 2,282 men and 2,845 women according toO altece-
dent lipoprotein aud cnolesterol status in the Framingham
study (Kannel et al., 1971). An increased risk proportionai
to the antecedent serum cholesterol vwas found whether or not
it was assoclated with elevated triglyceride levels. khen
adjustaent vas made for {he concomitant triglyceriae conceun-
tration and other factors related to coronary heart disease,
a residual gradient of coronary heart aisease risk propor-
tional to the serum cholesteroi was stiil evident. On the
other hand, vwaen risx of C.H.D. was examined according to
the triglyceride concentration adjusting for cholesterol, uno
residual risk gradient remained in men. However, :1n vomen,
over 50, serum traglyceride level was superior to serua cho-
lesterol level in discriminating potential among heart
disease cases.

A subsample (2815 men and vomen) of the Pramiugham
cohorits was folloved between 1971-1975 (Gordon et ait.,
1977) . Blood profiles inciuaded total choliesteroi, totead
triglyceride, low adensity lipoproteins and high deansaty
lipoproteins. One hundred and fourty-two i1ndividuais devel-
oped coronary heart daisease auring the four year study per-
iod. Multivariate and univariate analysis revealeu a4 strong

negative correlation between serums HDL level abd 1ischemic
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heart diseasce. Serum LDL ievel showed a airect positave
relatiouship to tne aevelopment of coronary heart disease.
However, the statastical association was much vedker. Uni-
variate analysis for women over age 50 identified iriguaycer-
ides as a statistically siganificant risk factor ian the
development of ischemic heart disease. However, discrami-
nating powvwer of serum triglycerides was lost in multivaraate
anaiysis. On the basis of their analysis, the authors con-
cluded that the most indicative lipid profiie tor predictiny
ischemic neart disease was a combination of total serum cho-
lesterol, serum HDL and serum trigiycerides (Gordan et ai.,
1977) .

3. Lack of evidence of involvement of serua

triglycerides in the development of coronary

heart disease.

Several prospective studies have attermpted to
investigate various risk factors and the role they play in
the development of ischemic heart disease. FPor tne most
part these investigations have demonstrated a lack ot the
role of elevated triglycerides 1in coronary heart disease
developrent even in the presence of associatea serum cho-
lesterol (Castelli et al., 1977; Heyden et al., 1979; nulley
et alL., 1980; Rosenman et ai., 1976; Wilhemimsen ev ale.,

1973) .
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Wilhemlmsen and co-vworkers (1973) usea muitivaricte
analysis to assess the association between coronary heart
disease and nine associated risk factors. They deamonstrated
that triglycerides had little predictive vaiidity in evaiu-—
ating the risk of coronary heart disease. The higaest prea-
ictive risk factors found in the sample popuiation of 834
men ages 50 followed for nine years were serum choiesteroi
levels, smoking and systoliic blood pressure.

Multiple logistic risx analysis, used to assess the
direct predictive strength associated witn risk factors vas
utilized in the Western Collaborataive Group Study (kosenman
et al., 1976). Tue Western Collaborative 6roup Study was &
prospective epidemioiogical study of 3,154 healthy men aged
39-59. Subjects vere follovwed over an 8 year pericd. Sta-
tistically significant relationsnips vere found between
ischeamic heart disease, serum cholesterol, behavior pattera
(type A) and cigarette smoking. Serum traigaycerides in sta-
tistical competition with other lipids demoastrated a negli-
gible association with incidence of coOronary heart disease
in all age groups.

Researchers in the Cooperative Lipoprotein Panenotyping
Study found that Puerto kican meun haa exceptionaliy higher
trigylyceride leveis than did other cumjparative ¢roups in the

presence of normal cholesterol (Castelli et ali., 1977).
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Furthermore the 1incidence of coronary heart disease was
lower in this population. In shori, the researchers found a
lovwer prevaleunce of coronary heart disease 1n tlhe presence
of elevated serum traglycerides without tne normal associa-
tion of elevated serums cholesterol that often accompauies
this lipid elievation. This observation ralses doupts about
the independent role of elevated traglyceriades an the aevel-
opment of ischemic heart disease.

Serua triglycerade levels were found to be ot predic-
tive validity for ischemic heart disease in a sample popula-
tion of Evans County, Geourgia, oniy in white femaires, age 50
and older (Heyden et al., 1979) . However, in whitée men and
all blacks no association was found betveen trigiyceraiae
levels anda mortality from coronary heart disease. Statista-
cal adjuswents vere made to account for the effects of the
confounding risk variables in order to isolate the effect of
serum triglycerides on CHD mortality. The authors conciude
froa their follov—up study of & 1/2 years that:

The evidence so far in systematic follow-up stauies
is that serus triglycerides or the triglyceraiae rach
lipoproteins are relatively weak contrabutors to
simple CHD rask preaiaction and are essentiaily
non—contributory after adjustment is made analiytically
for the associated serum cholesterol level (Heyden et
al.,1979, p. 282).

A recent expose written by Hulley and cotleagues (1980)

the investigators in the Western Collaborative Group study
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proapted mucan response withan the medical community (Huiiey
et ci., 1980) . Hulley's treatise aealt wath the lzck ot
assoclation petween triglyceride levels and coronary heart
disease. PFurtnermore, the author questioned the effiacacy ot
clinical management of elevated triglycerides due 10 tne
deficiency in experimentai evidence of the role ot traigyly-
ceride in coronary heart disease. Hulley's contention is
that serum cholesterol is more indicative of risk than are
serum triglyce:ides. The evidence supportiung the role ot
serum cholesterol has unequivocally beeun aemonstrated by
epidemiological studies (Brunner et al., 1977; Cramer et
al., 1966; Cohn ex al., 1976; Heinle et al., 196Y), patho-
logical observations that atheromas contalin choiesterol
(Zilversmit, 1968), baochemical studies (Small, 1977) and
animai studies (Armstrong et 2l., 1970).

In contrast, the spectrum of evidence impliicating tri-
glyceride as a causuai risk factor is narrowWer and subject
to much debate and controversy. In effect, most of the
investigators to date on traglycerides have been of tne epi-—
demiological type (Huliey et al., 1980). Hulley countenas
that Carlson and Bottinger®s conclusions iu the Stockhoim
Prospective Study implicataing tragiycerides as an 1indepen-
dent risk factor is based on tneir failure to inciade HDL in

their multivariate analysis as well as population axf-
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fernces, techbnical differences and chance. Some of the
debate surrounding the influence of serum triglycerides on
the development of coronary heart disease cah be tracea to
the statistical modeis used and interpretation of tne fana-
ings (Hulley et al., 1980). The Western Coilaborative Group
Study used multivariate logistic analysis with several
models (Rosenman e¢t al., 197¢6) .

Hulley (1980) explains that in single factor analysas,
triglycerides are indeed implicatea in the development of
coronary heart disease. Whern both serum traiglycerides and
cholesterol are entered anto the analysis, both lipid tac-
tors reach statistical signiticance. BRowever, when tane
strength of each lipid variable is held constant, serum tra-
glycerides were no longer a sagnificant factor. Cholest-
erol, howvever, resained a strong preaictor after adjustmeunt
for triglycerides, suggesting that the apparent association
betveen triglyceride operates largeliy through the correia-
tion between trigiyceride and cholestercl. Subsequent sta-
tistical analysis indicated that the association between
serum triglyceride and coronary heart disedase was attraputed
to BHDL and body mass factors (Hulley et ai., 1980). 1Imn
addition, traglycerides and choléstetol share mutual tians-
port mechanisms in carculation (Predrickson et al., 1467).

Horeover, the triglyceride rich very 1iow censity iipopro-
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teins (VLDL) contuin small amounts of cholesterol esnd are
metabolic precursors of the cholesterol rich low densaty
lipoproteins (Grundy, 1978). The situation becomes complex
specifically it such interrelated factors are invoived (Hul-
ley et al., 1980).

In response 10 Hulley®s critical evaluation of the lat-
erature with reference to triglycerides, beilar (1980)
offers several observations. The author is in agreement
with Hulley®s criaticisa concernibg veakhesses present in
epidemiological studies. Clearly, epidemiologic stuaies are
not vorthless, rather they are limited in thear conclusioas.
Por example, statistical associations are subject to many
interpretations. This ambiguity exists because oif the dif-
ficulty in sorting out causes, effects, concomitant varia-
bles and random flucuations when the causes are mulitiple and
diffuse. In this instance there is much room for individual
judgement. Furthermore, epidemiologic studies do not lend
themseives to experiamentai manipulations. In conciusion,
associations derived from epidemiologic data should be sup-
plemented by relevant data of other types (Bailar, 1980).

In a rebuttal to Hulley®s articie, Brunzelil (1980) critas-
ized Hulley®s suggestion of eliminating the controir of serus
triglycerides in clinical management and the use 01 serum

triglyceride levels in screening tor coromary heart disease.
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Brunzell conceded that Hulley's analysas applied ouly to
healthy miadle aged men. His analysis faited to examine
selected subyroups of patients, speciticalily diabetics,
familial combined hyperlipidemics, and renal dialysas
patients. Tne coronary disease in diabetics could be
explained by the associated decrease in HDL, obesaty, hyper-
tension or the diabetes itself. Purther, the coromary heart
disease in familial cosbined hyperlipidemics may be associ-
ated vith an increase in serus lov densaty lipoproteins.
Hovever, seruam triglyceride levels in hemodialysis patieats
have been demonstrated to be an appropriate measure for
predicting coronary heart disease (Brunzell, 1980). 1n a
preliminary report on the incidence of coronary heart
disease in 322 long term dialysis patients, those who nad
the disease nad significantly higher serum triglyceride lev-—
els than did patients without evidence of coronary heart
disease (Brumnzell, 1977). HDL cholesterol vas similar an
all groups. Thus, triglycerides and not HDL appeared to be
a better predictor of coronary heart disease in this group
of patients. In a rebuttal article, Carlson and Bottager
(1981) discuss three concepts that may explain the ditfer-
ences found between the Stockhola Prospective Study and the
Western Collaborative Group Study. The study desigus as

well as the populztion samples were very similar. Carison
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and Bottiger propose that aithough obvious ethnic, geo-
graphic and environmental differences exist between the two
population samples, this consideration is otten overlooked
by researchers. Secondly, the choice of endpoints usea an
both studies may explain the contradictory results. The
Stockholm Prospective Study used only two endpoints: proven
myocardial infarction and death from ischemsic vascular
disease.

In the Western Collaborative 6roup Study several end-
points wvere used including angina pectoris, sysptoaatic myo-
cardial infarction and silent myocardial ainfarctioun (Kosen-
man et al., 1975). 1In effect, investigators froam the
Western Collaborative Group Study were working with a less
defined and most jlikely a less advanced disease population
than were the Stockholm Prospective Study. Purthermore, it
may vell be that there are significant differences betveen
these categories (angina, myocardial infarction, silent myo-
cardial infarction) of ischemic heart disease in relation o
risk factor dependence (Carlson et al., 1981).

There is indeed an indication of such differeace in the
Western Collaborative 6roup Study (Rosenman et al., 1975).
It is stated that while for the subgroup wath symptomatic
myocardial infarctions there were significant associatioans

with both serum cholesterol and triglycerides. Wnereas the
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diagnosis angina was only associated with serum cholesterol
and the category silent myocardiai anfarction was uot asso-
ciated vith any serum lipid. Thirdly, the authors empnasize
the fact that altaough the logistic model does not recoguize
serum choliesterol as an independent risk factor in the
Stockholm Prospective Study, tais does not imply the hyper-
cholesteralenia does not carry a hagh risk for coronary
heart disease in Stockhola. The authors concliude that it is
important to differentiate between the clainical conception
hypercholesterolemia and the notion of high cholesteroi used
in epidemiological studies. While hypercholesterolemia may
imply a serum cholesterol level that exceeds 308 »y,/100 1,
high cholesterol may be as low as 193 mg/100 ml (Carlson et
al., 1980).

B. Studies of Serum Lipids in Survivors of Myocardial

Infarction and Controls
1. Evidence for the independent role of serua
trigiyceride.

Several studies have examined the blood lipid profiles
of survivors of myocardial infarctions in coaparison with
those of matched control subjects. In effect, this particu-
lar type of study atteapts to examine the differences in
lipid levels betveen normal subjects and those with ischemic

heart disease in order to isolate risk factors (Aibrink et
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al., 1959; Albrink et al., 1961; Billimoria et al., 1979;
Dolder et al., 1975; Rhoads et al., 1976; Valek et al.,
1974) . Early studies of Albrink and co-workers (1959, 196l)
have clearly demonstrated elevated serum triglyceriae lievels
as the most common lipid metabolic errorx 1in patientis with
coronary heart disease.

Albrink and BMann (1959) demonstrated a strong relation-
ship betvween elevated serum triglyceride concentration ana
the development of coronary artery disease. These investi-
gators looked at conceuntrataon of serum choiesteroi and tri-
giyceride levels in diagnosed myocerdial infarct patients
coapared to controls. Norsal ranges for cholesterol and
triglycerides were established as two standard deviations
above and below their mean concentrations iL serum basea on
data obtained from ninety-tvo norsal men and women aged
20-29. #When cholesterol concentrations were graphed and a
horizontai line aravn at the upper limit of normai, only 18%
of coronary patients nad cholesterol concentrations exceed-
ing this figure. Triglyceride concentrations vwere also
expressed on the norizontal line and 175 mg % was estabi-
ished as the upper limit. Host controis fell peiow the
line. 1In contrast, 70% of male coromnary patients had tri-
glyceride concentrations above this level. Further analysas

of the data indicated that the segregating powver ot trigly-
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ceride concentration decreases with age. That is, as age
increases in the normal individual, so do triglyceride lev-
els. However, serum concentrations of traglyceriade levels
in the corovnary population remained high. This was constant
in all ages. The authors suggest, based on their tindings,
that an error in the metabolisa of triglycerides is the
lipid abnormaiity operative in coronary artery disesase.
Further, they contend that increased cholesterol and
increased low density lipoprotein are secondary to decreased
efficiency of triglyceride utilization with resuiting accu-
mulation of triglyceride in the plasma (Albrink et al.,
1959) .

Several years later, the same investigators did a simi-
lar study in which serum lipids vere measured in 115
patients who had suffered a myocdardial anfarction and heal-
thy men of various ages (Albrink et ai., 1961). Serum tra-
glyceride concentrations were increased about 5.4 miliequa-
valents per liter in 5% of normal men 20-29 years of age,
32% of normal men aged 30 ana over, and in 8<% of «il
patients with corounary artery disease. High serua cholest-
erol concentrations or hypertensaon appeared to increase the
risk of coronary disease in persons with high serum trigly-
cerides but by theamselves seemed to carry lattle risk. AR
exception vas the occurrence of high serum cholesteroi with-

out high serum traglycerides in a small number of patients.
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Similar results were obtaaned but to a lesser degree
vhen proportional distributions ot serum cholesterol and
triglycerides vwere analyzed in 240 survavors of syocardial
infarction from nine countries (Dolder et at., 1975). Cut
off points of 280 mg/100 ml1l for cholesterol and 200 mg/100
ml for triglycerides were established. Twenty-five perceant
of patients had cholesterol ievels above the cut off point.
Thirty-five percent of patients had triglycerides above the
cut off point. Using the same criteria, twveaty percent ot
all 240 patients showed hypertriglyceridemia without associ-
ated hyperchoiesteroleaia. PFifteen perceant showea both
hypertriglyceridenia and hypercholesteroleaia. Ten perceant
shoved hypercholesteroiemia without associated hypertrigly-
ceridemia. Although differences betwveen serum triglycerides
and cholesteroi are small, elevated serum triglycerides seems
to occur more predominantly in survavors of myocardial
infarction.

Similar results were obtained when proportional distrai-
bution vas used to determine the main lipid abnormaiity
found in subjects with coronary heart disease (Billimoria et
al., 1979). Patients wvere grouped according to their ciass
of hyperlipoproteinemia based on serum triglyceriae, cno-
lesterol and lipoprotein analysis. The highest percent dis-—

tribution (fifty-six percent) of hyperiipoproteinemia



occured in thne coronary heart disease patieats was type IV
with only serum trigiycerides eirevated above norsa.. Twen-
ty-seven percent of ail CHD patients had a mixed nyperiipo-
proteinemia. The majority of these showed elevations 1a the
VLDL fraction.

In an atteapt to explain their results, the authors
suggested that in studies reiating angiography ana lipopro-
tein abnormalities, patients with hypertriglyceridemia heve
distel vessel blockage. Those with hypercholesteroleaia
suffer from blockage of the main vessels (Ballimoria, 1979).
Therefore, coronary patients that sanifest elevated trigiy-
ceride levels are better abie to survive an anfarct than
those that manifest eievated serum cholesteroi.

2. Llack of evidence of the involvement of serum
triglyceraides in the development of coronary
heart disease.

In other studies, arteriographic findings ana serua
lipids and lipoproteins have demonstrared a lack of associa-
tion betveen triglyceride levels and extent of lesions
(Rhoads et al., 1976) (Valek et al., 1974). Valek and co-
wvorkers (1974) performed coronary angiography an nineuy
patients with coronary artery disease tou assess the extent
of lesions present in the disease state. The resuits of the

angiography were compared to fasting levelis of serum cho-
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lesterol, triylycerides and weight index. A signitacant
correlation was found between serum cholesterol and coronary
atherosclerotic level. HBowever, triglycerides and veight
failed to shovw a relationship to the increment of atneros-
cotic lesions. Samilar conclusions vwere deaonstrated when a
subsample of the Honolulu Heart Study vas used to ascertain
the fiequency of defined hyperlipoproteinemia and to inves-
tigate the reiationship betveen lipoprotein fractions and
coronzry heart disease (Rhoads et al., 1976). HMales wath
coronary heart disease vere coampared to a 30% probabality
sample of normal men froam the Honolulu Heart Study. Height,
veight, skinfold, blood pressure, serum total choiesteroi,
LDL, HDL, VLDL and triglycerides were determined tor eaca
control. Calculated prevalence rates of coronary heart
disease rose wath increasing levels of total cholesterol ana
LDL. A highly significant difference in serum HDL ievels
vas also evident between cases and controis. HDL ieveils
tended to fall with ancreasing veight as determined py skin-
fold. No significant differences in triglycerides and VLDL
(very lov density lipoproteins) were tound between groups.
Shen the distribution of lipoprotern phenotypes were inves-—
tigated for the popuiation, tventy—-six percent were found to
have typs 1V hyperlipoproteinemia (cholesteroi less than 210

mg/liter, trigiycerides greater than 190 mg/liter). The
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prevalence rate of type IV hyperiipoproteinemia shoved Ro
correiation with the aincidence of coronary aneart disease
(Rhoads, 1976) .

C. Arteriographic findings and composition oxr lesions

Prospective epidemiological studies and comparisons of
survivors of coronary heart disease with controls can show
associations betwveen rask factors and the development of
coronary artery disease. More direct exasmination of tne
extent of atheroscierotic lesions can be performed by arter-
iography and histochemical estimation.

In a report that examimned triglycerades in tissue cul-
tures, Adams (1967) found that triglycerides exhibited lit-
tle sclerogenic activity. In contrast, when cholesterol was
implanted in tissue cultures, it was found that this liapid
displayed sclerogenic activity. HNevertheless, saturated and
monosaturated triglycerides promoted platelet aggregation
and experimental thrombosis as well as accelerated platelet
coagulation. On the basis of the results, Adams (1907) con-
cluded that cholesterol 1s partly responsible for atheroma-
tous thickening of the arteries, whereas triglycerides may
initiate some part of the tarombastic occulsive episoae.
Together, these two processes lead to the onset of coroanary
heart disease (Adams, 1967). The composition of tae ather-

osclerotic lesion lends supporting evidence impiicating
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plasma caolesterol councentration in the developmeant of coro-
nary artery disease. Triglycerides have aiso beea found 1in
the lesions (Bottcher et al., 1960), but there 1s some spe-
culation concerning their presence and the deveiopmeut of
coronary heart disease (Abduila et al., 1969) . Data on
coronary arteries based on six human autopsies reported neg-
ligible amounts of triglycerides found in the arteries;
vhereas, cholesterol and cholesterol esters were the predomn-—
inant lipids found in the histochemical examination. The
researchers stipulate that previous reports demomnstrating
triglycerides present in the coronary lesions vwere aue to
contaminating advential adipose tissue which is extiremely
hard to remove from the coronary arteries at autospy. In
effect, triglycerides account for very littie of the lipid
in the intima of the coronary artery (Abdulia et al., 1969).
Block and co-workers (1976) perforsed coronary arteri-
ography in fourty-six patients to assess the relationship ot
type iI and type IV ayperlipoproteinemia and thne extent of
damage to the coronary arteries. Hyperiipoproteineaia as
found to be a risk factor in the development of datheroscler-
osis (Grundy, 1978) . Furthermore, type Il and type IV are
the predominant lipoprotein phenotypes found 1n coronary
heart disease (Witztum, 1978). Type 1l is characterized by

serum traiglycerides exceeding 150 mg/100 ml and serum cho-
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lesterol exceeding 220 mg/100 ml. Type 1V 1s characterized
by elevations in traglycerides (above 150 mg/100 mi) but
noreal serum cholesterol concentrations (Natiomal Heart ana
Lung Institute, 1978) . Analysis revealed that diastinct
differences i1n atherosclerotic lesions were found between
the two subgroups (Bioch et al., 1976) . Type II1 patients
had a high prevalence of main left coronary disease and of
distal coronary atherosclerosis. Type IV patients usually
had disease localized in the proximal coropary artery. 7Tae
authors contend that these aifferences may be related to the
differing plasma lipoprotein patterns iun the tvo syndromes.
Damage to the main left coronary artery (found in type II)
has been demonstrated to be more lethal than damage wo the
proximal artery (type 1IV). The results ot this study impii-
cate both serum cholesterol and serum trigiyceridir in damage
to the coronary arteries; hovever, serum cholesterol has
demonstrated to have a more lethal role in the development
of coronary heart disease.

D. Triglyceride and HDL relationship mechanisas

Some researchers claim that tne elevation of serus tra-
glycerides and its effect on the development of coronary
heart disease 1s attributed to the relaticnship between
serum triglycerides and HDL (Chan et al., 1979; Kaukola et
al., 1980; Bilier et al., 1977; Sauar et al., 1980; Schaefer

et al., 1978).
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Biller and co-workers (1977) found that survivors of
myocardial infarction had lower levels of HDL than did
matched controis. Purtnermore, higher ievels of iow density
lipoproteins were observed in myocardial survivors. Howuw-
ever, this relationship was not as strong. MNO statiastically
significant differences were found between patients and con-
trols with retereuce to serum triglyceride concentrations.
It 1s difficult to assess whether there was any corretation
betwveen HDL triglyceride levelis since abnalysis did not
include this correlation.

Sauar et al. (1980) and Chan and co-workers (1979Y)
offer an alternative explanation based on lipoprotein lipcse
actavity to clarify the HDL/ triglyceride relationship.

They suggest that the inverse correlation reflects the
reduced ability of HDL in hypertriglyceridmia states to
activate lipoprotein lipase, thereby affecting peripheral
removal of triglycerides.

Schaeter and his co-workers have suggested a hypothesis
that might explain the inverse relationship of hign density
lipoproteins and serum trigliycerides (Schaefer et ai.,
1978) . They contend that the protein constituents of HDL
(apo-protein A-I and apo-protein A-1I) are found in cnylon;;
crons. Individuals with defective chylomicron catabolisa,
particularly in tne hypertriglycerademic state lack the

constituents and precursors needed to fore HDL.
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In a more recent study, serum cholesterol,
triglycerides and bigh density lipoproteins were detersined
in 56 male survivors of myocardial infarction and 82 matched
controls (Kaukola et al., 1980). Littlie difference in total
serum cholesterol existed betveen the two groups. Houwever,
HDL cholesterol as weil as triglyceride levels vere statis-
ticaliy different between myocardiai survivors and countrols.
In addition, serum HDL and triglyceride levels were strongiy
negatavely correlated. That is, high levels of BDL (recoy-
nized to be a protective factor against coronary aeart
disease) exist simultaneously with low levels of trigiycer-
ides. Becawse of this relationsaip, the authors contend
that triglycerides are implicated as an independent risk
factor in the development of ischemic neart disease. Purth-
ermore, Kaukola and co-workers suggest the following mechan-—
isa that may explain the inverse correiation between trigiy-
cerides and high aensity lipoproteins: HDL cholestero.
originates as a resuit of lipoprotein lipase activity ifrom
very iowvw density lipoproteins (VLDL). Consequently, the
ability of HDL to activate lipoprotein lipase is reduced in
hypertriglyceridemic states (Kaukola et al., 1980).

E. Summary of the Independent Role of Triglyceride

in the Development of Coropary Heart Disease
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1n summary, a great deal of controversy exists concerin-
ing the etfect of elevated serum triglycerides and its inde-
pendent role in the developrment of ischemic heart diseese.
Conclusions from prospective epidemiological studies as well
as research irom survavors of myocardial antarction aud con-
trols shovw conflicting resuits. HNore airect methods such as
angiographic findings and haistochemical estimations have
also demonstrated controversial resultsf Much of the ais-
pute surrounding elevated serus triglycerades is due to 1t's
association with other known risk factors. Elevated serum
cholesterol, obesity, abnormal glucose toieraunce and eie-
vated blood pressure may exist simultaneously with elevated
serum trigylycerides. When confounding variables are coLt-—
rolled for, eievated serum triglycerides seem to lose their
discriminating powver. JMNevertheless, an increased risk ot
developing ischemic neart disease is associated vhen ele-
vated serus triglycerides are considered with each of the
risk factors.

Theoretically, the controversy may hinge largely on
vhether an elevated triglyceride level is defined as a pra-
mary or secondary risk factor.

IIX. The Plasma Ljipoproteiuns

A. General Lipoprotein Information
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Plasma iipoproteins are lipad protein complexes that
transport lipids 1n tne circuiation ahd regulate i.ipid syn-
thesis and cataboiism (Miller et al., 1979) (Smith et ai.,
1978) . The major fuunctaions of the plasma i.poprotelus
include transporting endogenous and exogenous trig.iyceride
to sites of utilization and storage and to tramsport cho-
lesterol between sites of absorption, synthesas, c;tanolxsn,
and excretion (Morrisett et al., 1975).

The classaification and nomenclature of the plasma lipo-
proteins have been based primarily on operational defini-
tions as determined by thear electrophoretic mobility or by
their rate of ultracentrifugal flotation in salt solutions
(Skipski, 1972) . Based on these criteria, human piasma
lipoptoteing have been divided into four classes: chylomi-
crons, very lov density lipoproteiuns (VLDL), lovw aensaty
lipoproteins (LDL) and high density lipoproteins (Aorrisett
et al., 1975).

Rach lipoprotein class has a characteristic composition
but the amounts of lipid and protein constituents do not
occur in fixed ratios vwitnin each class. 1n effect, each
lipoprotein group is heterogenuvus with respect to lipid and
protein components (Shore et ai., 1973) . All plasma Lipo-
proteans are implicated in atherogenesis either as carriers

of excessive lipid to the wessel wall or indirectly as pro-
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genitors oi the lapoproteins interacting viih the vessel
wall. 1n addaition lipoproteans, specitically HDL, serve as
protective agents that limit the accumulataon of liipia
within the vascular intima (Getz, 1979).

Triglycerides can gaan entry into the circuiation in
tvo primary vays; as chylomicrons from dietary lipids and as
very low density lipoprotein made 11 the liver using stored
fatty acid from aaipose tissue or fatty acid newiy maae fioms
carbonydrate (Smith, 1978) .

B. Chylomicron Production ana Metabolisa

Chylomicrons are the largest lapoproteins ranging in
diametexr from 750-1200A (Jackson et al., 1976). They have
flotation values.(s ) in the range of 300-10000 and aensi-
ties of less than 0.95 g/ml (Herbert et ai., 1978) . Chyiom-
icrons are formed in the smail intestine (Roheam et al.,
1966) and consist largely of triglyceride with reiatively
small amounts of choiesterol, cholesterol ester, phospholi-
pid and protein in the form of apoprotein (Morrisett et al.,
1975) . Averagye values for the composition of chyiomicroams
by weight are: 80-95% triglyceriaes, 1-3% unesteraifiea cho-
lesterol, 2-4% esterified cholesteroi, 3-6% phospholipids,
and 1-2% protein (Herbert et al., 1978). Pindihys irom sev-
eral reports implicate apoprotein C ana apoprotein B as

major protein components of chylomicrons and apoprotein A as
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a minor component of the chyiomicron (Getz et al., 197Y;
Miller, 1979; Morrisett et ai., 1975; Steinberg, 1979).
Apoproteins A and B originate in the liver (Aiickman et al,
1976) and apoprotein C is acquired by net treansfer frow HDL
duraing metabolism of the chylomicron (Havear et al., 1973).
Apoprotein C-I1 is necessary for optimal actavation of lipo-
protein lipase at the peripheral tissues. The synthesis of
the mature caylomicron is then hydrolized by lipoprotean
lipase which resuits in a reduction in the chylomicrou core
and concomitant reduction of the surface area mainiy through
the loss of surface constituents - apoprotean A ana C phos-
pbolipid and free cholesterol, with BDL probably servinyg as
a recipient of these elements. The resulting particle is
the chyloaicron remnant, containing choiesterol ester in its
central core and apoprotein B ana phospholipid on i1ts sur-
face (Getz, 1979). 7The triglyceride poor, cholesterol rach
chylomicron remnant as then available for further catabolisa
in the liver (6otto et al., 1977) .

C. VLDL Production and Metabolism

The very low density lipoproteins (VLDL) dare particles
wvhich vary from 280-750 A in diameter. Their flotetaon
values (S ) range froam 20-400 and float at densities between
0.95-1.006 g/al (Herbert et al., 1978) . The size of the

VLDL particle is directly proportional to its tragsyceriae
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content and inverseay proportionai to the protein aLd phos-—
pholipia conten (Eisenberg, 11975) . Very iov aensity lipo-
proteins contain an average of 45-64% triglycerides, 15-20%
unesterified cholesterol, 16-22% esterified cholesterol,
15-20% phospnolipids and 6-10% protein by weight (Herbert et
al., 1978).

The major apoprotein coastituents are apoprotein B,
apoprotein C and apoprotein E. Apoprotein A exists as a
minor component of the VLDL particle (Predricksom et al.,
1972; Sheiburne et al., 1974) . The primary function of VLDL
is to tramnsport endogenously synthesized triglycerides from
the liver and intestipe to adipose tissue for storage (Jack-
son et al., 1976). After secretion by the laiver ox intra-
vascular maturation of intestiral VLDL, the VLDL are trans-
ported to adipose tissue for the lipoprotein lipase mediatea
hydrolysis of its triglyceraiae content (Goldstein et al.,
1977) .

Following hydrolysis from lipoprotein lipase and the
loss of the triglyceride deraivataive of VLDL, the traglycer-
ide depleatea particle (VLDL) may be further catabolized to
LDL. The VLDL derivative can aiso be removed and degraded
by the laver (Jenqg et al., 1980) . The conversion of the LDL
particle involves the loss of traiglyceride as welil as a loss

of the associated VLDL apoproteins. However, the newly
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formed particie acquires an abuadance of cholesterol ester
(Getz, 1979) . The particie remaining 1n this case 1s refer-
red to as IDL (intermediate density protein) which as subse-—
quently converted to LDL at a site and by a mechanisam yet to
be clarified (Guldstein et ai., 1977) . The transformation
of VLDL to LDL 1involves a loss of many of the constituents
of the large particle VLDL, but the guantitative retention
of apoprotein B (75-90%) may suggest a direct precursor-pro-
duct relationship betveen VLDL and LDL (Getz, 1979). 1n
addition, very low density lipoproteins can aiso be removed
and degraded by the liver after hydrolysis of lipoprotein
lipase (Jeng et al., 1980).

IV. 7The Effect of Dietary Protejn on Plasma Lipids

and Ljipoproteans

A. Historical overview

The prevalence of and disability associated with ataner-
osclerosis have led researchers to search for those factors
which may influence the incirdence of the disease. 1n the
quest for associated factors, diet has become one of the
focal points of inquiry. The first clesr demonstration that
diet plays a role in the developmeut of atherosclerosis vas
reported as early as 1908 by Ignatowski. He investiagated
the effects of feeding animali products such as meatr, marik

and eggs to rabbits and observed that some ot the animals



39

developea lesions 1n the aorta reseabling those seen 1n ath-—
eroscierosis. However, since animal products fed 1in these
early studies contain cholesteroli and after it was shown
that atherosclerosis could pe produced in rabbits by feeding
caolesterol (Anitschxavw, 1933), subsequent wOork coucentrated
on cholesterol feeding as a method of producing experimental
atherosclerosis and possible effects of other dietary compo-
nents wvere largely ignored. Subsequent experimentis by
Beeker and Kesten (1940,1941) showed that rabbits fed a high
protein, cholesterol-free diet wath casein as the source of
protein became hypercnolesterolemic and developed atneros-—
clerosis. These effects vere not observed when soy bean
flour replaced the casein in the diet. Tne soy bean flour
also appeared to have an i1nhibitory eftect on atheroscliero-
sis produced by the addition of cholesterol into the diet.
Hovever, these studies on dietary proteain made no iasting
impression and after the discovery in the early 1950°%s that
feeding polyunsaturated fats caused a lovering of serum cho-
lesterol levels in humans, most of the emphasis in atheros-
clerosis research vas concentrated on the etfects of dietary
fat (Carroll, 1975).

B. Dietary Intake Data and the Association of Animal

and Vegetabie Protein in the Develiopment

of Coronery Heart Disease
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Bvidence sugyesting a protective role tor veyetabie
protein and an atherogenic role for anisal proteia comes
from dietary intake data (Conner et al., 1972; Moore et al.,
1976) . Using product moment correlation coefficients bet-
ween coronary heart disease mortality and dietary intake
from various nutrients, Connor and Conner (1972) were able
to demonstrate that intake of animal protein was stronygiy
assoclated with death from coronary heart disease. Dietary
intake of vegetable piotein showed a weak negative correla-
tion.

ffoore and co-workers (1976) showed a strong negatave
correlation between intake of vegetable protein and the
extent of atherscerotic lesions; hovever, noc association was
found betveen extent of damage and intake of animal protein.
Dietary histories were obtained retrospectively by inter-
viewing spouses of 253 New Orleans men who had died of CHD.
This information vas then used to calcuiate average daily
intake of seiected dietary nutrieuts ana determine any pos-
sible association betveen nutrient intakes and the extent ot
raised lesions found at autopsy. Ib addition to the reia-
tionship found between vegetable protein and scerogyenic daa-—-
age, crude fiber and total carbohydrate were associated with
less atheruvscerotic involvement. HNoreover, there was Lo

indication tnat intake of total caliories, total fat, satu-
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rated fat, uasaturated fat, sugar or cholesterol were
related to the extent of iesions found.

C. Coronary Heart Disease Borbidity and HMortaiaity

an Seventh Day Adventists

In addition to dietary intake data correlating protein
source to the incidence and prevaience of coronary heart
disease, vegetarians particularly Seventh Day Adventists
have demonstrated a substantially lower mortality rate from
coronary heart disease in comparison to their nonvegetarian
counterparts. This may in fact be attrabuted not only to
protein source, but iifestyle as well as iower intakes of
saturated fatty acids and higher intakes of fibrious mater-
ial (Phillips et al., 1978). Similarly, Wyner and co—work-
ers (1959) reported tunat nospital admissions of patients
with coronary neart disease were 40% fewer for the Seventh
Day Aventists men and 15% fewver for the Seventh Day Aven-
tists women, thus indicating that adherence to a veyetarian
lifestyle has a protective role for subsequent deveiopsent
of coronary heart disease.

D. Serum Lipads of Vegetarians and Non-Vegetarians

Prom the eariy 1950%s to the present, researchers have
suspected that the type ot dietary protein migat piay a con-—
tributing role in the development of coronary heart disease
(Bursiem et al, 1978; Conner et ai., 1972; Hardiuge et al.,

1954; Ruys et al., 1976; Sacks et al., 1975; wWalden et al.,
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1964; West et al., 1968) . Much of the early intormation
implicating dietary protein in the development of atheros-
clerosis came from coaparisons between vegetarians and non-
vegetarians. Cumulative evidence indicates that vegetarians
have lowver serum iipids tnan their non-vegetarian counter-
parts. Whether the protein moletiy in the diet is respoasi-
ble for this lipid lovering effect is subject to scme specu-
lation. Vegetarians are know to ingest lower intakes of
saturated fatty acids and cholesterol. This too could be a
contributing factor in loverang of serum lipids. Vegetari-
ans also have higher intakes of fiber whicn have aiso
demonstrated a lipad lovwering effect (Burslem et al., 1978).
Researchers do believe novever, that protein froe vegetuble
sources is in part responsiple for lower serua lipads.

Early studies of Hardinge and Stare (1954) demonstrated
that vegetariauns had lover seruam cholesterol levels than
non-vegetarians. Dietary analysis and serum cholesterol
levels wvere investigated in eighty-six lacto-ovo vegetariaus
and twenty-six pure vegetarians. Thnese results were coa-
pared to values for a control group of eighty-eaght noan-
vegetarians. Analysis of diaetary intaxe aemonstrated that
vegetarians (pure, lacto-ovo) had lower intakes of calories
furnished by fat, particulariy animal fat. In addition, the

non-vegetarians had significantly higher dietary intakes of
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cholesterol than did either type of vegetarian. Although
Hardinge and Stare (1954) suspected that the protein source
might be the reason ftor the lower serum cholesterol conceu-
trations observed in the vegetarian group, they attributed
the lower concentration to dietary intakes of cholesteroi.
In short, the autunors believed that higher adietary intakes
of cholesterol lead t0o a comcomitant elevation of serum cho-
lesterol.

Walden and co-vorkers (1964) investigated serum cho-
lesterol as vell as serum trigiyceride concentrations in a
Hew York City based population sample of Seventh Day Aven-
tists. One hundred and fourty-five Seventh Day Aventists
ranging in age from 20-91, participated in the study. Data
vas compared to that for a normal New York City population
sample matched for age and sex. Dietary intake data indi-
cated that the contribution of calories fros carbonydrate
was higher in the vegetarian group than in controis. Furth-
ermore, calorie intake from fat was lower in the vegetarian
sample. Likevise, vegetariaus wvere coasuming fats higner 1n
polyunsaturated fatty acids than non-vegetarians. Protean
intake as a percent of total calories was comparablie in both
diets. The median levels for serum total choiesterol tor
both Seventh Day Aventists (SDA) men and womenh were iower at

all ages than those of the men and women in the New York
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City population sample. Furthermore, tne median serum total
cholesterol level ot the SDA men reaches i1ts maximal value
at age 54, some ten years later than the peak levei found
among the New York City men. However, no differences were
noted in the slope and the shape of the curve representing
age serum cholesterol concentrations wheén women were COm—
pared. When serum triaglycerades were examined, dirrferences
with respect to age vere noted. HMedian values for serum
triglycerides in vegetarians were lower tnan in matched con-
trols to age 39 and somewhat higher thereafter. The SDA
vomen experienced a similar pattern. Serum triglyceride
concentrations vere lover than those of the normal sample up
to age 47 and siightiy higher values vwere noted thereatter.
When uage change curves wvwere plotted in the tvo popuiation
samples, with regard to serum triglycerade conceantrations,
little ditferences between the tvo groups were noted; that
is, the age change curves betveen the vegetarians and con-
trolis were simalar.

then the serum lipid values for subjects in the coro-
nary prone agye range (men over 32; womenr over 34 years) were
tabulated, a comparison between the tvo groups was more
easily made. Bedian serum total cholesterol leveus ot SDA
men 33 years of age were 13 percent less than those of the

Hev York City population sample. However, the median serum



45

triglyceride vaiue for male SDA of these ages 1s 1Y percent
higher tunan that of New York City men. Seventh Day Aventist
vomen over 35 nad median serum total cholesterol values 21
percent lower than aged matched controls. Median serum tri-
glyceride levels in this age range vere the same among the
women ot both population samples. In summary, Walden and
co-vorkers (1964) found that serum cholesterol leveis were
lover in the SDA population than matched controls; thas
relationship persisted at ail ages. In contrast, serum tra-
glyceride levels were lover in the vegetariam popuisation up
to age thirty-tive and were slightly elevated thereafter
vhen compared to the non-vegetarian counterparte.

In a later study, Seventh Day Aventists were also used
as the sample population wvhen investigating the serum cho-
lesterol levels in vegetarians (West and Hayes, 1908). West
and Hayes found results compatable with eariier work (Hard-
inge and Stare, 1954; Ralden et al., 1964) aone with vegeta-
rians. That is, serum cholesterol levelis were lower 1n
vegetarians than satchea controls. Evaluation of uutrieant
intake of non-vegetarians indicated a signitacantly higher
intake of total fat, saturated tatty acids, protein and cho-
lesterol than the vegetarian.study population.

Sacks and co-workers (1975) found simijar resuits with

regard to cholesteroi concentrations when serum lipias of
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vegetarian and unon-veygetarians vere amnai:yzed. However, in
contrast to the resuits ot Walden et ai., 1964, Sack and
co-workers found that serum tragiyceride concentrations og
vegetarians were lover at all ages wvhen compared to thelir
non-vegetarian counterparts. The sampie consisted of vege-
tarians adhering to a microbiotic diet and a ramdom yroup of
offspring from the original Pramingham Study who were noa-
vegetarians. The microbiotic diet 1s essentially vegetaraan
and includes dietary staples such as whole grains, beans,
fresh vegetables and soy proaducts. Quantificataon of serum
lipids and lipoproteans includeda: total choulesterol, irai-
glycerides, HDL, LDL, and VLDL. Significant diafferences in
all plasma lipids and lipoproteins were noted when veyetari-
ans and controls were compared. Serum triglycerides in con-
trols and vegetarians were 86 ag/100 ml and 59 »g/100 nl
respectively. Similar daffereunces vere found in the ViDL
fraction (7.2 mg/100 ml in controls; 11.8 mg/100 mi vegeta-—
rians).

Purther evidence indicating the peneficial roie ot the
vegetarian diet came from an isolated case of a young male
vegetarian (Sacks et al., 1975). During adnerence to the
microbiotic diet, nis VLDL fraction vas elevated to 52
BRg/100 al and he vwas ciassified as having type III hyperii-

poproteinemia. He vitnarew fros tne vegetalrian diet and
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subsequently upon turther examipation, it was found thet his
VLDL had marxediy increased to 78 sg/100 ml and triglycer-
ides vere elevated to 199 mg/100 Rl. He resumed tne vegeta-
rian diet and his VLDL as well as serua triglycerides teil
substantially. The authors concluded on the basis of the
results from the study and this 1solated case that adherence
to a vegetarian diet had beneficial effects with regara to
plasma lipads and lipoproterns (Sacks et al., 1975).

Blood lipid levels in one bundred and eigaty-three SDA
adolescents were examined and comparea 1o a free livang
population of adolescents from the general Austraiiiau popu-
lation of Sidpney (Ruys et ai., 1976). Significant ditfer-
ences in serum cholesterol concentratious exasted between
the two groups. Vegetarians exhibited iover serum choiest-
erol concentrations than did controls. 1In addition vegeta-
rians exhabited lower but not significantly lower serum tri-
glyceride coucentrations than controls.

Burslem and co-workers (1978) investigated thne serus
lipid, lipopioteins and apoprotein lievelrs of sixty-eight
vegetarians iivaing on a farm im Tennessee and compared the
findings to 4 matched set of controls. Hean total cholest-
erol, HDL and LDL levels vwere lower in vegetariaus than in
controls. Although vegetarians had lower triglycerade con-

centrations (82 mg/100 ml) than controils (95 ag/100 nl),
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this dad not reach statastical siguniticance. The very liow
density lipoprotein traction was lower an vegetarians, but
again this did not reach statistacal signiticance. more-
over, apoprotein A and apoprotein B were also iower in vege-
tarians. Although HDL concentrations were lower in vegeta-
rians, the HDL to apoprotein A ratio was high retlecting an
enhanced binding of cholesterol by the HDL apoproteins
apparent in vegetarian plasma. In addition, the researchers
found a strong negative relationship between the HDL and
trigljceride concentratious. The authors concluded on tane
basis of these results that vegetarians are in a lower risk
category for developing coronary heart disease (Bursiem et
al., 1978).

In summary, researchers have continualily tound that
vegetarians have lower serum cholesterol concentrations than
their non-vegetarian counterparts. However, confliicting
results have been observed when plasaa tragliyceride concen-
trations have been compared between vegetarians and meat
eaters. Whether the lower concentration of plasma cholest-
erol and triglycerides are attraibuted to lower intakes of
saturated fat and caholesterol as opposed to the type of pro-—
tein is still subject to much debate.

E. Effects of Animal aud Vegetable Frotein

on Serum Lipiads
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Based on the evidence that vegetarians have iower serum
lipids than non- vedetarians, researchers bedgalh to suspect
that the lipid loweriny effect migat be attributea to tne
protein in tne diet. Based on this premise, several aniwkal
and human controiled experiments were intiated that compared
the effects of feeding animai versus vegetaple protein on
serum lipid levels (Anderson et al., 1971; Ca’pbell et al.,
1965; Hamilton et al., 1974; Neves et al., 1980; Waiker et
al., 1960).

Bamilton and Caroll (1974) investigated the etfects of
feeding proteins from various plent ana animal sources to
rabbits fed a lov-fat, cholesterol- free, semi-syanthetic
diet. They consistently found that dietary proteans from
animal sources tended to be more hypercholesterolemic than
those from piant sources. 1In contrast, Meves et al., 1980
failed to demonstrate any difference in seruam cholesteroi
concentrations with rats ted either pure or crude plant pro-
teins compared with pure and crude animal proteins. Trigiy-
ceride levels varied independentiy of the dietary source.

Buman studies that invoive coaparison of plant and abi-
mal protein have shown confiicting resuats. Walker and co-
vorkers (1960) vere able to demonstrate a significant lower-
ing of plasma choiesterol vhen plant proteir replaced animai

protein in tae diets of 12 young vomen. Tue study was
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designed to test the difference 1in serum lipids betwveen
individuals fed two dietary protean sources (abhimaa and veg-—
etable) . Sources of vegetable proteins included race mar-
caroni, vheat cereals, oat cereals, legumes and soy powder.
Animal proteins incluaed uncreamed cottage cheese, skim
milk, veal, turkey and fish. The protein content of tane
diet averaged 45-50 grams or 8 percent of calories. The
diets vere identical in all dietary componeuts except tor
the source of protein. Covariate analysis showed at the end
of two weeks and tive weeks serum cholesterol of the sub;
jects receivang the vegetable protein diet was significantly
lover than an those eating the animal protein diet. KO s1g-
nificant differences vere observea between the two groups
with regard to serum triglycerade ievels. Thus, tne
researchers concludea that repiacement of vegetapnie protean
for animal protein in the diet of healtany young wumen shoved
a lowering of serum choiesterol concentrations.

Campbelil and co-workers (1965) studied the ettect of
the kind of proteins on serus lapids by coasparing a daet
containing wheat gluten as the chiet source of nitrogeun wath
a diet containing an isonitrogenous amcunt of a mixture con-
taining casein and lactalsumin as a repiacemeat for the
vheat gluten. The veyetable and animal proteins were each

tested in diets with an assortment of tats having a 12 per-
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cent linoleic acid content for one period of the stuay and a
40 percent liuoleic acaid conteut for another perioa. A
cross-over design was utilized ana each dietary treatment
lasted tventy-five days. The results indicate that no
differences existed in serum cholesterol or triglycerides
between individuais on the two dietary treatments. Thas
situation persisted whether the diet contained 12 percent oi
linoleic acia or 40 percent linoleic acid.

Anderson et al. 1971, investigated the etfect of feed-
ing a 120 gram protein diet to eleven male volunteers.
Sixty grams of the protein came from either wheat gluten
serving as the vegetable source or egyg white serving as the
animal source. Diets were identical in all respects except
for the type of protein. Blood lipids were analyzed the
last day of treatment. The mean serum cholesterol level of
indaivaduals fed the gluten diet was higher by 4 mg/100 mi
than in those fed egg white diet but this difference vas not
statistically significant. Saimilarly, mean serum triglycer-
ide level was 92 mng/100 ml for egg white treatment and 84
ng/100 ml for the wheat gluten diet. %YThus, mean serum tra-
glyceride level was higher by 8 mg/100 ml when the men were
eating the egg white diet but like serum cholesteroi, this
difference did not reach statistical significance. Tae

researchers concluded that changes 1n the protein content ot
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the diet are of no particular value in desagning diets for
the reduction ot serum cholesteroi.

F. The Effect of Feeding Soy Protein on Plasma Lipia

Levels

7. Animal Bxperiments

The hypocholesterolemic effect of soy nas
aroused the interest of many researchers. Interest began to
grov as a result of the early vwork of Howard and co-workers
(1965) . They ovserved a hypercholesterolesmic effect in ran-
bits fed a iow—-fat, iow—cholesterol diet. However, wnen soy
protein replaced casein in the diet, serus cholesteroi
decreased significantiy. In addition, examination of the
aortas demonstrated sudanophilia with the casein diet. Houw-
ever, no gross sudanopnilia was observea in rabbits fed the
corresponding diet containing soy protein.

Since the discovery by Howard and co-workers in the
1960's, researchers have sought to investigate the effects
of feeding soy under severai experimental conditions (Car-
roll et ai., 1979; Pumagaili et al., 1978; Howard et al.,
1965; Huff et al., 1977; Kim et al., 1978; Magata et ai.,
1980; Nagata el ai., 1981). I1nvestigations by Huff et ai.
(1977) demonstrated results similar to those of Howard et
al. (1965). Huff et al. (1977) found the same hypocholest-

erolemic effect in rabbits fed soy diets. In addition,
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other piant proteins demoustrated the same choiesteroi iow-
ering etfect. Moreouver, when a 1:1 casein:soy diet was fed
it also lowered serum cholesterol. A 3:1 casein:soy diet
demonstrated a smaller lowering effect. Upon further analy-
sis the researchers anypothesized that the differiny eftects
of casein and soy protein isolate could be due to aiffer-
ences in thear amino acid compositaon (Carroll et al.,
1979) . In an attempt to resolve this question, teeding tra-
als vere carried out either with enzymatic digests ot the
proteins or mixtures of the amino acids simulating the amino
acid composition of the protein. Enzyme hydrolysates gave
similsr resuits to those obtained with the intact protein.
Similarly the mixture of the amino acid corresponding to
intact casein demonstrated identical resuits to those
obtained with the intact protein. Hovever the feeding of a
mixture of amino acids corresponding to soy protein isolate
resulted in a somevhat higher level of plasma cholesterol
then aid the intact protean (Carroll et al., 1979; Huff et
al., 1977).

Pumagalii (1978), also using rabbits, demonstrated
similar results. Six rabbits wvere fed a sequence of these
diets: laboratory stock diet, a semi-purified diet contain-
ing 25 percent casein, and a similar diet in whicn soya bean

meal repleced casein. On changing from the stock chow aiet
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to the casein, the plasma cholesterol rose tour toid after
sixteen weeks, but fell 50 percent after twelve weeks on the
soy diet. Balance studies showed that replacement of casein
with soya meal in the semipurified diet caused an increased
fecal excretion of sterols; nowever, bile acids were unaf-
fected by the three dietary treataents.

Kim et al. (1978), working with swine, vere abie to
demonstrate a hypocholesterolemic respounse of soy as coam-
pared to casein even in the presence of a high fat and hagh
caolesterol intake. A series of three experiments were
undertaken. In all instances swine fed a mash diet servea
as controls. In the first experiment swine were fed a
high-fat, high-cholesteroli diet with prételn COR1LY eithel
from soy or casein. Serum cholesterol levels were sighnifi-
cantly higher 1n animals fed casein than in thnose tfed the
soy diet or lab mash diet. 1In the second experimeat, swine
vere fed a high-fat, high—cholesterol diet with a 1:71 mix-
ture of casein to soy. Aithough fiuctuation and more varia-
tion vwere observed in serus cholesterol levels, mean concen-
tratior of serum choiesterol was lower when 1:1 casein soy
diet vas fed in comparison to the casein fed group. The
third experiment incorporated the addition of methionine to
the soy diet. This vas done because some screntists attri-

bute the hypocholesterolemic effect of 50y diets to methio-
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nine deficiency. Again, soy diets whether supplemented with
methionine or not, resulted in a significantly lover serunm
choliesterol concentration than did the casein (Kix et al.,
1978) . Throughout the experiment, cholesterol baldnce wvwas
examined. Tune researchers vished to investigate wnich per-
ameters of cholesterol balance vere altered by the soy pro-
tein product to account for the alterea effect on serum cho-
lesterol. Whole body cholesterol synthesis, cholesteros
absorption, and bile acid excretion demonstrated no signifi-
cant differences betweenh groups. The authors hypothesize
that the differences in serua cholesterol may be attributa-
ble to the amino ucid composition, dietary tiber or the
.saponin contenht present in soy (Kim et al., 1978).

Nagata et al. (1980) examined the infiuence ot soy aad
casein diets in rats in the presence of different aeamounts of
fats. #When rats were given diets containing maize oii at 50
grams per kilogram ot body weight, the concentration ox
serum cholesterol was the same for both dietdary treataent
groups. However, when the dietary fat level was reduced to
10 grams per kilogram of body weight, soy proteiun produced a
significantly lower serum cholesterol level than the caselin.
Triglyceride changes were independent of dietary treatment.
Later, Nagata and co-workers (1981) examined the effect of

an amino acid mixture that samulated soya bean protein or
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casein on serum cholesterol, LDL, HDL tractions as welii as
serum traglycerides. 7TThe amino acid mixtures were suppie-
mented vwith lysine or arginine ih order to make the argi-
nine:lysine value in the nitrogen sources identical.
Differences in thne nature of dietary nitrogen sources
(either as intact proteins or asino acad mixtures) did not
cause changes in the concentration of serum trigliyceridese.
The addition of specafic amino acids to the diets aisplayed
no additional effect on these lipid components except for
the increase in serum triglycerides of rats gaven diets con-
taining soya bean protein or a siamulated amano acaa mixture
supplemented with lysine. Both soya bean protein and ats
simulated amino acid mixture exhibited a nypochoiesterolemic
effect by comparison with the corresponding casein diet.

In summary, studies with animals have consastentliy
demonstrated that feeding soy protean lovwers chosesterol;
this effect may be attributed to the increased fecal excre-
tion of sterol. Some investigators believe that the hypocho-
lesterolemic effect ot soy may pbpe due to other dietary com-
ponents.contained vithin tne soy product vwhica include fiber
or saponik. Still, others contend that the amino acid CoOBR-
position may pe respomsible for the effect. Enzyme hydroly-
sates of soy displayed identical results to that of the

intact protein; hovever, the serum choliestero. lowering
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effect was decreased when an asino acid Eixture corresponda-
ing to the amino acid pattern of soy was fed. In addition,
methionine deficiency has been proposed by some to expiain
the hypocholesteroiemic effect of soy. However, in feeding
trials with swvine, methionine supplemented soy had no effect
on the cholesteroi luwering properties. 1In the presence of
other nutrients such as fat, soy loses its cholesterol low-
ering properties suggesting some interaction between the
protein moiety and fat.

Although s0y protein exerts a cholesterol lovering res-
ponse in animals, investigations have demonstrated that
serum traglyceride concentrations are unatfected wnen soy
replaces casein in the diet.

2. Human Experiments with Soy Protean

Researchers hae sought to study tne etfect of
feeding soy in humans based on the results obtainea wath
animal experiments. Studies involved normal healthy indivi-
duals (Carroll et al., 1978; Hodges et al., 1967; Van Raaj
et al., 1981), individuals with maldliy elevated cholesterol
(Shorey et al., 1981) and those that have been classified as
having type I1 hyperlipoproteinemia (Descoulch et al., 1980;
Sirtori et al., 1977; Sirtori et al., 1979). Hodges and
co-vworkers (1967) were able to demonstrate a choiesterol and

triglyceride liovering effect vhen vegetable protein, primar-
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ily from soy, was fed to sax prison inmates. The anvestiga-
tion consisted of four experamental periods. Throughout ali
treatment periods, vegetable protein replaced animal protean
in the diet and the P/S ratio remained constant at 1.V0.
Hovever, carboanydrate source varied (simple, Or COMpieXx) as
vell as level of fat (15% or 45%) during the treatment per-
iod. Significant changes were observed in the serum choles-
teral concentrations. These changes seemed to persast
regardless of fat level or source of carbohydrate. However,
serum triglyceride levels were more responsive to changes in
dietary source of carbohydrate and fat. In the presence of a
low fat diet (15%) wvwith starch as the carpohydrate source,
serum triglycerides fell significantly beiow baseiine leveis
(160 »ng/ 100 to 133 =sg/100) . When sugar replaced starch as
the carbohydrate source in the iow fat diet, serum tragly-
ceride rose to 208 mg/100 ml. When fat was increased to 45
percent of calorie intake and starch was the carbohydrate
source, serum triglycerides feil to 88 ag/100 ml; however,
vhen sugar replaced starcn in the presence of a hagn fat
diet, traglycerides significantly increased to 211 mg/100
ml.

In summary, Hodges and co-vorkers (1967) founa that as
soon as vegetable protein replaced animal protein, serua
cholesterol levels decreased markediy and remained low

regardless of source of carbohydrate or level of fat. Serum
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triglycerides were more responsive to dietary source ot car-
bohydrate, rising with sucrose and fallaing vith starch.
Althougn the level of fat did affect traiglyceride ieveis,
the source of carbohydrate was the domipant factor.

based in Italy, Sirtori and co-vorkers (1977) vere abie
to demonstrate a sigunificant decrease in serum choiesterol
concentration in patients diagnosed as having type II hyper-—
lipoproteinesmia when soy replaced’anilal protein in thne
diet. 9Tventy patients participated in the study; all wvere
diagnosed as having type II hyperlipoproteinemia and were
admitted to the metabolic ward for study. A crossover
design wvas utilxzed in which eleven of the tventy patieants
consumed a lipid lowering diet first (low fat, low choles-
terol) and the soybean diet second. The otmner ten patients
received the soybean diet first and the lipid lowerang diet
second. Diets vere identicai vith respect to carbohydrate,
fat and P/S ratio. Sixty-tvwo percent of protean came froa
either animal or soy products. Each dietary treatment
lasted three weeks. Resuits indicate that soybean diets
given before or after the low fat diet significanuiiry
decreased serum cholesterol. The mean decrease 1n Serum
cholesterol in the presence of a soybean diaet was 21 per-
cent. Plasma triglycerides were signaticantly decreased by

both diets. However, the difference Was greater when the
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soybean diet was gaven first (217 mg/100 al to 180 mg/100
ml) . Overali, plasma triglycerides were slightly aecreased
by both diets, during the first dietary period and tenaed to
stabilize during the second. In all instances plasma tri-
glycerides vere decreased more on the scoybean diet than on
the lipid lowering diet, aithough this difference was not
signifacant. In a second part of the experiment, eight sub-
jects classified as having type II hyperlipoproteinemia were
recruited to investigate the effects of adding 500 mg of
cystalline cholesterol to the soy diet. In effect, the
researchers vanted to verify tnat the lipid lowering proper-
ties of the soy diet could not be attributed to the low
cholesterol content ot the diet. Here again, a4 crossover
design was utilized and soy diets were identical in fat,
carbohydrate, and protein. Five hundred mg of choiesterol
vere added as one of tne dietary treatments. The addition
of cholesterol did not influence either the rate of decrease
or the serum cholesterol concentratiaon. The findings of thne
second experiment support the contention that the choles-
terol lowering effect of soy protein is independent of the
lipid composition of the diet. The authors conclude that
replacement of soy protein tor animal protein nas & benefi-
cial effect in the treatment of type II hyperlipoproteinesia

(Sirtori et al., 1977).
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Carroll et al. (1978) found simllar results in serum
cholesterol concentration, but to a lesser extent, when soy
protean replaced animal protein in the diets of healtny
young women (9% decrease an plasma cholesterol concentra-
tions). The study ren for seventy-three days, duribg which
a mixed diet containing 70 percent animal protein was fed
for twenty-four deys. Soy products replaced animal products
during the second phase of the experiment whaich iasted thir-
ty-six days. Subjects returned to a mixed protein diet for
the concludaing thirteen days ot the experiment. Tae piasma
cholesterol level deciined during period 1, resained rela-
tively low duraing period 2, and then showed a detinite
increase during the second week of period 3. Proiximate abna-
lysis revealed that polyunsatured fatty acids were hign in
the soy based diets and cholesterol was 50 mg higher i1n tne
mixed protein diets. Consequently any change in serus chol-
esterol concentration couid have been due to a higher P/S
ratio and lower dietary cholesterol content in the soy diet.
However, the authors conteand that the difference would not
be predicted to raise the level of piasma cholesterouli by
more than 4 mg/100. The results, therefore, did not rute
out the possibility that dietary protein may have been par-
tially respounsible for the lovwer average plasska cholesterol.

Subsequently, a second experiment was designed to correct



for the aietary differences found between the tvwo yroups.
That is, soy diets vere suppleamented with cystalliae choles-
terol so that cholesterol content of both dietary treatments
was identical. 1In aadition, the P/S ratio was colrected in
the soy diet, so that each diet was equivaient iun polyunsa-
turated fat to saturazted fat ratio. A crossover desigh Was
used for the second experiment and diets vere identical to
the first with the corrections made. Analiysis of variance
shovwed that the level of plasma cholesteroli was saigniti-
cantly higher on the animal protein diet compared to tae soy
protein diet. Plasma triglyceride concentrations were unat-
fected by the dietary changes ranging from indavidual values
of 47 ng/100 ml - 95 mg/100 =1l in the first study amd 67
8g/100 nl - 106 ag/100 ml in the second study (Carroll et
al., 1978). The researchers contend that the reiativeliy
small response to changes in dietary protein and its subse-
quent effect on serumr cholesterol is not incompatible with
the larger changes reported by Sirtori et ai. (1977). That
is, hypercholesterolemic individuais may show a greater res-
ponse to changes in dietary proteins. In aadition, the
authors offer a possible explanation that msay heip to ciar-
ify the observed differences between the two dietary treat-
ments; contending that the rates of choiesterol oxiaatzon
and turnover are faster vhen soy protein diets are fea (Car-

roll et al., 1978).
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In a 1979 report, Sirtora summarized data froa a
previous investigation (Sirtori et al., 1977) and compared
results with results cobtained from a more recent study.
Previous investigations fros type I1 hyperlipoprotcinemic
patients shoved that feeding soybean diets lowered serum
cholesterol and tnat this relationship persisted even vwith
the addition of 500 mg of choiesterol (Sirtori et al.,
1977) . Of the seven patients fed the high P/S diet farst,
total cholesterol decreased by 21.4% and LDL cholesteroi by
25.5%. A small decrease 1n triglyceride levels ana an
increase in VLDL levels vere noted but these changes did not
reach statistical significaunce.

Switching from the high to the low P/S regimen caused
cholesterol to increase with concoaitant increases in the
LDL fraction. VLDL also increased (by 17 myg/100 ml), sagni-
ficantly above pre—treatment levels. The overall results of
the inpatient studies (Sirtori et al., 1977; Sirtori et ad.,
1979) demonstrated tiaat the soybean diet exerted a hypocho-
lesterolenic effect 1n most patients whatever protocoli was
followed.

The overail data from the forty-tvo patieats studied
indicate that three weeks of soybean protein diet gave a
mean total cholesterol decrease of 19.4 percent. Low den-—

sity lipoprotein cholesteroi decreased by 20.9 percent and
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VLDL decreased by 9.3 percent. Changes in serum tragliycer-
ides of the three protocols demoastrated modest changes.
Bhén the data was coilapsed and analyzed according to
phenotype of hyperlipoproteinemia, type Ii B (serum trigiy-
cerides elevated above 180 mg/100 ml and VLDL exceeds 40
mg/100 ml) showed a significant decrease in the VLDL frac-
tion. Although triglycerides decreased 25 ng/100 ml when
patients were on the soybean diets, this dad not reach sta-
tistical significance. In contrast type II-BIII (concomi-
tant elevations in VLDL and LDL) showed sagnificaunt
decreases in serum cholesterol concentrations while on the
soybean aiets, but no significant changes were observed in
the VLDL fraction. The authors conclude that treatmeat vitha
the soybean diet is an effective reqgimen ftor inducing a sig-
nificant cholesterol reduction in type II patients refrac-
tory to standard low lipids regimens (Sirtori et al., 1979).
Purther evidence indicating a possible roie for soy an
the treatment of hyperlipoproteinemia comes from outpatient
studies 1n Switzerland (Descovich et ai., 1980). Animal
products in the diet were replaced by a textured vegetable
protein product. Betore the initiation of treataent,
patients vere fed a low lipia diet. Baseliue values of
serum cholesteroi and tragiycerade vere compared to treat-

ment levels. Serum cholesterol showed a 19 percent drop
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from 1nitial velues. BReintroduction of thne animaisi protean,
low-fat diet resulted in a progressive rise in plasma total
cholesterol. Serum triglycerides decreased during treat-
ment. However, this was not statistically signifacant.
Regression analysis coaparing pretreatment plasma choles—
terol levels vith cholesterol reductions suggest that
patients vith a moderate degree of hypercholesteroiesla res-
pond vell to soy protean diets.

Shorey et al. (1981) working vith miidly hypercholiest-—
erolemic subjects vere unable to demonstrate a unigue hypo-
cholesterolemic effect of substitution of soy for animai
protein. The diets were identicai in cholesterol content
(200 mg cholesterol), fat, and carbohydrate, P/S ratio vas
maintained at 0.4. Sixty-five percent of protein .n the
diet came either from animal products or soy prodacts. Ina-
tial plassa cholesterol and traglyceride concentrations were
compared to treatment levels. Subjects consuming an animad
protean diet exhibitea a 16 percent decrease in serum chol-
esterol, whereas those subjects who consumed the soybean
diet shoved a 13 percent decrease. Plasma triglycerides
increased significantly on the soy diet from 80 mg/100 ml to
145 ng/100 ml. Partial correlation coetficients for the
difference in blood values between initiai and experimental

diets revealed that changes 1n piasmsd cholesterol were most
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strongly associated vwith dietary fat ana cholesterol ana
changes 1n triglyceride were affected by change in dietary
carbohydrate. The authors conclude that the hypocholestero-
lemic response to both animal and soy proteihs suggests that
dietary factors other than source of protein were operatinge.
In explaining the conflicting results compared to those of
Sirtori et al. (1979), Shorey and co-workers (1981) postu-
lated that Sirtori et al. (1979) used severely hypercholest-
erolemic individuals which would demonstrate a greater res-
ponse to dietary changes than mildly hypercholestetolénxc
individuals. Secondly, much of Sirtori et al. (1979) aats
vere obtained using diets with nigh P/S ratios. Shorey ana
co-workers (1981) used P/S ratios in the experimental diets
that were not significantly different from those in the nor-
mal diet. 1t is possible that changes in the P/S ratio and
protein interact.

Van Raaij et al. (1981) vwere not able to demonstrate
any appreciable change in total serum cholesterol concentra-
tion when soy and casein diets were compared, but changes
did exist in the lipoprotein fractions. Seventy-six sub-
jects particapated in the thirty-eight day study. All sub-
jects consumed a control diet comsisting ot a 1:1 mixture of
casein and soy for ten days. During the test perioa ot
tventy-eight days, subjects were divided into three groups

matched for sex and initial serum choliesterol concentration.
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Group I continued to recerve the 1:1 casean:soy mixture
(Cassoy) . Group 1I received a diet in which sixty-faive per-—
cent of the protein came from casein. Group III received a
diet in whicn soy replaceua the casein protein. Food recoras
and chemical analysis indicated no differences petween the
experimental diet with respect to carbonydrate, fat, choles-
terol or tiber. During the cassoy control period of tean
days, serum total cholesterol concentration decreased
slightly in all groups. No appreciable cnange in serum
cholesterol was reveaied i1n subjects on any of the diets
during the experimentali peraod. Likewise, the casein group
nor the cassoy group showed no change in lipoprotean frac-
tions. However, LDL decreased and HDL .increased ih the s0y
group. Very low densaty lipoproteins showed nho sighiticant
changes during the test period (Van Raaij et al., 1981).
Hovever, when duplicate portions of the same diets were fed
to tvelve Nev Zealand vhite rabbits the casein aiet resuited
in much higher serum cholesterol concentrations thah alid the
soy diet. The authors ofter several explainations as to tune
differences obtained 1n the results.

Significant differences were noted in the raboit res-
ponse to the soy diet in comparison to the human response.
van Raaij et al. (1981) contends that humans are less sensi-
tive to changes in dietary proteins tham are rabbats, thus

in part accounting for the different responses.
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Commenting on Sairtori et al. (1979, 1981) results, Van
Raaij et al. (1981) believed that the differing counclusions
could be explained by the lipid status ot the two popuiation
samples. Sirtori et al. (1977, 1979) usea hypercnoiestero-—
lemic subjects vhereas Van Raaij used normal indiviauals.

It could be that normal cholesterolemic subjects are iess
sensitive to changes in dietary protein. Ven Raaij con-
cluded that although total serus cholesterol diad not change
wvhen soy protein diets were fed, signiticant differences
were obtained in the LDL and HDL fractions suggesting the
possibility that soy protean facilitates beneficiali changes
in cholesteroi lipoprotein fractions even in the presence of
a constant total serus cholesterol concentration (Van Raai)
et al., 1981).

In summary, soy protein diets have demonstrated a 10W-
ering of serum cholesterol. Marked decreases have been
observed in indaviduals who are already hypercanolestero-
lemic, and small but significant differences have been noted
in normal healthy individuals. One study revealed that
although total serum cholesterol did not sagnaficantay
change during the treatsent period, alterations in the lipo-
protean fractions (LDL, HDL) were evident. Ou the whole,
serum triglycerides and VLOL have shown small and xinsagnifi-
cant changes in the presence of soy protein diets, and seem

more responsive to the carbohydrate content of the daet.
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Researcners nave attempted to expiain the facrors
responsibie tor the serum cholesterci loweraing propercies ot
soy. These anclude &mino acid composition, methionine con-
tent, glutamic acad, fiber and saponin coutent. Purther
research is needed to explain the exact roie soy has 1b
choiesterol metabolisam.

G. The Effect of Feeding Hilk Protein on Plassa

Lipid Levels

Initially prompted by i1nvestigations dealing with oral
calcium supplementation, milk and jyogurt have also beeu iso-
lated as factors which reduce serum cholesterol.

Bierbaum and associates (1972) found tmnat the angestion
of tvo grams of supplieamental dietary calcius carponate aaily
over a period of one year by ten hyperlipidemwic patients
caused a sigunificant decrease in serum cholesteroli after
subjects bad shown stable levels for the previous year. &
decrease in triglycerides also accompanied the fali in choi-
esterol, but this was not statistically significaut.

During feeding trials with Maasai wvarriors, Mann and
co-investigators (1974) observed that large intakes ot fer-
mented cow's milk caused lov levels of serum cholestercl to
go even lower. Tnis occurred despite weight gain and intake
of 960 miligrams of cholesterol in the eight titers ot
yogurt the men consumed daiiy. Serusm triglycerides concen-

trations were not measured ah the study.
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Howard (1977) and co-workers supplemented dietrs of
sixteen volunteers with miik. Half of the group comnsumed
supplesental amounts of whole milk and the other group con-
suned supplemental amounts of skim milk. Serum trigliycer-
ides and cholesterol values were taken at baseline, veek
one, week tvo and folilow-up.

At the end of three weeks, there was a fall in serum
cholesterol in both groups. However, the skim milk group
demonstrated a greater decrease in concentrations of serua
cholesterol (15% f2ll in skim milk, 5% fail in whole milk).
Triglyceride values did not show any reductions in either
experimental diet.

lLater, the same investigators examined the effects of
skim milk powder, yogurt, lactose, leicestershire cheese,
cream ana butterfat on serus cholesterol (1979). The great-
est decrease in serum cholesteroi was found in those i1undiva-
duals fed skim milk. The decrease was related to the amount
fed. Yogurt produced a similar change. Lactose and cheese
shoved no significant hypocholesterolemic effect. Butterfat
and cream increased serum cholesterol.

Bepner (1979) studied the effect of milk products on
serum cholesterol and triglycerides using supplementat
amounts of pasteurized yogurt, non-pasteurized yogurt and 2%

butterfat milk. Serum cholesterol was significantly reduced
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by 5% to 1% after one week of supplementation witn either
type of yogurt. The tvwo percent butterfat milk reduced
serum cholesterol to a smaller less significant aegree.
Serum triglycerides were unaffected by the diet.

More recently, Rossauru and co-workers (1981) were able
to demonstrate significant differences in serum choiesterol
and triglyceride concentrations in young men fed either
cream, yogurt or skim milk. Subjects maintained their nor-
mal eatinyg patterns during tane treatment period except that
they consumed supplemental amounts (two liters) of either
full cream, skim mialk or yogurt. Serum total cholesteroi
fell throughout the experimental period only in subjects fed
the skim milk. The yogurt and full cream groups demons-
trated an initial rise in cholesterol levels during the
first tvo veeks. Values fell to baseline levels at the end
of three veeks. These changes in serum cholesterol could be
correlated with appropriate changes in dietary totai fat and
cholesterol intake accounted for by the diaffering lipid com-
position of milk products. Low density lipoproteins fell an
the skim milk group below paseline levels. Low adensity
lipoproteans increased in tne jyogurt and full cream groups,
but iike total cholesteroi, LDL returned to baseline levels
at the end of three weeks in the yogurt and cream groups.

In the yoqurt and full cream milk groups, changes in HDL
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cholesterol generally parallieled total cholesterol and couta
have accounted for a ilarge proportion of the variation in
total cholesterol. This however vas not apparent in the
skim milk group wnere the fall in total cholesteroi vas
accompanied by a rise in HDL.

Serum triglycerides dropped significantly from paseline
levels of 131 mg/100 ml to 99 mg/100 mi at the end of treat-
ment for the skim milk group. Individuals an the full creas
group demonstrated equivalent effects i1n serus tragiyceriae
leveis. Values in this group decreased from 123 mg/1U0 ml
at baseline to 100 mg/100 ml at treatent terminatiou. 1n
the yogurt group a transcient sagnificant rise in traglycer-
ide levelis (from 96 Eyg/100 ml to 42 mg/100 ml) was observed
after one veek. These levels fell below treataent levels at
the end of the experimental period. The researchers postu-
lated that the elevation at week one of treatment may have
been due to the increased consumption of refined carbohyd-
rate.

The aunthors contend that the general trend toward low-
ered serum triglycerides in the skim milk and full cream
group as well as the yogurt group may be due to the same
spontaneous dietary adaptations responsible for the fail in
serum lipids during the baseline week. If is diffacult to

ascribe it to any property of tne milk products used since
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the fail in triglycerides continued after stopping milk sup-
plementation.

An interesting finding was the apparent lability ot HODL
cholesterol which fell duriny the baseline weeks aud rose
transiently on all milk proaucts, but more so in the fuil
cream miltk group. This rise could be attributed to the
total serum cholesterol variation of the diets as well as
the differing P/S ratios. Even so, miik arrespective of fat
content may prosote an increase in HDL concentrations.

In summary, there have been few human studies that have
investigated the effects of feeding milk protein under cont-
rolled metabolic conditions. Most controlled studiaes have
dealt with calcius supplementation or milk suppliementation
of diets in an uncontrolled situation. On the vhoie, miik
proteins have demonstrated a cholesterol lowering effect.
This effect seems to parallel the fat content of the milk
product. That is, skim milk, as opposed to wnole milk pro-
ducts, has resulted in larger decreases in serum choles-
terol. Serum triglycerides have demonstrated littie chauge
in the presence of milk proteins. Any differences in serua
triglyceride concentrations seeama to be attributed to the
carbohydrate content of the diet.

H. Llack of Studies on Egg White Peeaing

and Serum Lipids



7%

The research focusing on egg white protein and 1ts sub-

sequent effect on serum lipids is nomexistent.



MATERIALS AND METHODS

I. Experjmental Design

Twventy—four healthy males between the ages of 18-28
vere assigned to one of three treatment groups. The sub-
jects vere fed diets of similar nutrient composition; now-—
ever, dietary protein source was varied between groups. Ail
groups received a vegetarian diet as the basai diet provad-
ing 100 grams of protein. Group A received 75 grams of pro-
tein from soy products and 25 grams from non-treatament
sources. Group B received 75 grams of protein fros nonfat
dairy products; the remaining 25 grams came from non-treat-
ment sources. The third group (Group C) received 75 grams
of protein from egqg wvhaite and 25 grams from non-treatment
sources.

The subjects were assigned to groups based omn plasma
total cholesterol values and body weight measured prior to
the study. This was done by first ranking all cholesterod
values from highest to lowest and dividing them into eaght
groups of three. Using a randomized biock design, subjects
were assignea to a treatment group, so that average choles-
terol level and vweight vwere initially the same in each

treataent group.

75
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The study ran for six consecutave weeks. The first
four weeks involved teedinyg under controlled dietary conal-
tions. During thas period all subjects were regquirea to eat
three meals per day, seveh days per week at the metaboiic
unit of the Department of Human Nutrition ana Foods. Only
food and drink prepared and served at the unit vere permit-—
ted. Coffee, tea and nmon-nutritive beverages were allowed
ad libitum. Occasionally, vhen possible, bag luncnes were
carried out for the convenience of bpoth the subjecis and
staff. During the fafth and sixth weexs (follow—up) tane
subjects were allowed to resume their individual normal die-
tary habits. Subjects vwere reguested to adhere to tneir
normal patterns of physical activity throughout the study.

Two 60 ml and five 45 ml blooa samples Were drawn fros
all subjects during the course of the study. An anitial 45
ml blood sample ¥Was required for screeninyg determsinations.

A 60 ml sampie was taken the morming of the first experimen-
tal breakfast. %he other 45 ml saaples were taken at weekly
intervals for four consecutive weeks. The final blooa sam-
ple of 60 ml was drawn 2 veeks atter termination of the
experimental period.

Boay vweights were recorded weekly. Losses inh body
veight during the experimental period vere adjusted for by

adding extra cdlories as combinations of bread and margarine
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to the diets (see Table 1). Weekly determinations of plasma
total triglycerides and VLDL were performed. A schematic

diagram of tne experimental design as shown in Fagure 1.

II. Ekecruitment of the Supjects

Posters and flyers providing basic iutormation about
the study vere placed throughout academic and recreational
buildings on the Campus of Virginia Polytecanic Institute
and State Universaty (Appendix A). Persons wishing to learn
more about the study vwere requested to call the Department
of Human Nutrition and Foods for further details. Informa-
tion concerning the study was given during the inatiai tele-
phone contact. In addition, information concernihg exercise
level, height, veight and smoking habits was elicated during
the conversation. Due to the large influx of calls ana the
need to eliminate subjects, i1t vas necessary to obtain this
information in the early stages of recruatment. Iudeed,
smoking and high activity levels would introduce extraneous
variables into the study tmat would not be controlled tor.
Purthermore, normal weight individuals were needed for the
subject population. Therefore, height ana veigat aata were
necessary to select a homogenous group. Tne Metropoiitan
Life Insurance tables were used as a reference in determin-

ing normal body weight for heignt (Appendax B).
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SUBJECTS WERE FED 75 GRAMS OF PROTEIN FRCOM

SUBJECTS RESUMED

EITHER SOY, NON-FAT DAIRY PRODUCTS OR BGG- NORMAL DIETARY

WHITE UNDER CONTROLLED DIETARY OONDITIONS HABITS
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INITIAL EXPERIMENTAL FOLLOW

uP
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Analysis of plasma total triglyceride and VLDL~triglyceride con-

centrations.

FIGURE 1. A schematic diagram of the experimental design.
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III. Screening of Subijects

Based on the initial telepnone coatact, individuails
were requested to come to an orientation meeting. A
detailed vwritten explanation of the study was given to each
subject (Appendix C). Participant®s respoansabilities con-
cerning adherence to the dietary regimen and scheduling ot
blood samples vere aiso discussed. Subjects were awvare of
obligations and accountability in being study participants.

Several different questionnaires vwere disseminated at
the orientation meeting which served as screening devices
for determining eirgible candiadates for the study. The
Pre-Experimental Questionnaire (Appendix D) elicted informa-
tion concerning familial history of cardiovascular disease
as well as hyperlipoproteinemia. Questions pertaining to
diagnois of hypergiycemia and diabetes mellitus were aiso
included. Use of medication or supplemental vitamins was
determined. Smoking and drugq habits were assessed. FPurth-
ermore, information regarding food allergies was requested
fros subjects inasmauch as allergies might have interfered
with the dietary regime. The experimental design unecessi-
tated that subjects be in town for the duration of the
study. Therefore, a question concerning travei. plials was

also included in the pre-experimental questionnaire.
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Secondly, a Fooa Prequency record (Appendix E) was
given to each potential subject an order to obtaian informa-
tion regarding eating habits as weli as food l1ikes and dis-
likes. Consumption of a "normal American diet®™ vas a crite-
ria for eligible candidates. In addition, a twenty-four
hour food recall was used to more closely examine daiiy tood
intake (Appendix F).

An exercise and activity level questionnaire (Appendix
G) was used to assess level of physical activity aund aerobic
exercising. The questionnaire determined inteasity, dura-
tion and times per week the subject engaged in diatferent
activities. Three specific activities were used to classaty
each subject based oun exercase level:

1) running or joyging iess than 15 miies per week

2) swimming less than 2 hours per week

3) cyciing (bake) less than 30 miles per wveek.

Based on the three guestionnaires, individuals were
eliminated as potential subjects if they: (1) 21inaicated a
family history of heart disease, (2) had hypertension or
diabetes, (3) indicated a weekiy routine of strenuovus exer-
cise (jogging, biking, or svimming in amounts greater tnen
those described above), (4) had body weignts under or above
108 of the iaeal veights for their sex, age, height accord-

ing to standard veight/height tables, (5) were cigaretite
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smokers, (6) habituaily consumed alcoholic beverages and/or
recreational drugs, (7) indicatea a dislike or ailergy ror
food that coanstituted part of the study menu, (8) planued or
anticipated being out of town for more than 24 hours during
the study.

Those subjects vho were eliagible 1eceived a physicai
examibation by a physician employed by the Student Health
Service of Virgimia Polytechnic Institute and State Univer-
sity (Appendix H). Hematocrit and hemoglobin levels were
determined by finger prick (Appendix I, Appendix J). Normai
values for hematocrit and hemoglopin vere taken to be
40%-54% and 14-17 gan/100 ml respectively (Sauberlich et ai.,
1974) . Preseunce of glucose in the urine wvere determined by
colormetric grad uwsing a dip and read test.? Finaliy, serus
total cholesterol values vere deterained. Those individuails
who had values no less than 120 mg/100 ml and no more than
220 mg/100 al vere eligible. Trigiyceride determinations
were not performed during screening and, therefore, did not

serve as eligabilaty criteria.

IV. Description of Study Partacipants

iCombistix by Ames Laboratory, Division ot Miies Laboratory,
Indiana.
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Porty-four males participated 1in all of the screening
procedures. kEKighteen were eiimihated as potential subjects.
Of those persons eligible, 24 volunteered to participate in
the study. All were required to provide signed consent
prior to participataing in the study (Appendax K).

Twenty-four normal-vweight, non-smoking males between
the ages of 18-28 were selected to participate in the meta-
bolic study. MNone indicated a familiial hasvory of cardao-
vascular disease, ¥vith the exception of one subject who had
an uncle vho died of cardiovascular disease. The study
population vas cousidered to be ®sedentary®, but in good
physical heaith. Blood analysis reveaied normal nemsoglilopin
and hematocrat levels (Appendix L) and cholesterol values
betveen 120-220 mg/100 mi (Appendix M). Furthermore, daet
histories indicated tnat study participants regularly con-

sumed a normal American diet.

V. Composition and Peeding of Diets

Three sets ot diets (A,B, and C) each consisting ot
four daily menus were prepared to meet the objectives ot
this stuay (Appendix K). The diets vere samilar in fat,
protein, carpbohydrate, cholesterol and poiyunsaturated to
saturated fat ratio. The oniy difference between the diets

vas in the protein source. Menus 1, 2, 3, and 4 (A,B,C,)
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vere served consecutively every four days so that the 4 menu
cycles were repeated seven times throughout the study. All
treatment groups received tne same proportionaia distribution
of 15% protean, 50% CHO, and 35% fat. Cholesteroi content
was kept constant for all treatment groups at 500 ag per
day. The cholesterol source vas eyg yolk. Each aay, ail
subjects consumed tvo egg yolks providing approximately 500
mng of choiesterol.

The polyunsaturated to saturated fatty acid ratio (P/S)
was mdaintained at .8 daily. The P/S ratio was obtailed by
dividing tne grams of saturated fatty acids into the Jraas
of linoleic acid (Guthrie, 1975).

Calories to maintain body weight were kept at approxi-
pately 2800 xcal, although adjustments in intake vere maude
if subjects demonstrated a significant change in body
veight. That is 1f subjects began to iose Oor gain weight
consistently, additional calories (276 kcal or 552 kcai)
were provided.

A 100 gram protein diet was used tor ail treatasent
groups; 75 grams of protean case from the treatment source
and 25 grams came fros non-ireatment sources. Group A
received a vegyetarian diet consisting ot 100 grams of pro-
tein providing 75 grams of protein from soy products (soy-

milk, soy granules, soybean curd, textured vegetabpie pro-
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tein) and 25 grams of protein fros non-treatment sourcese.
Likewise, 6roup B received & vegetarian diet containing 100
grams of protein; 75 grams of piotein came from nonfatr aairy
products (yogurt, skim milk, low-fat cottage cheese, iow-fat
cheddar cheese) and 25 grams case from non—treatment
sources. Group C also received a vegetarian diet containing
100 grams of protein; 75 grams or protein came from egg
vhite (liquid, fresh or powder) and 25 grams came from cthe
non-treatment sources.

All the diets vere nutritionally complete; that is,
they met or exceeaed the subjects® requirements for caiories
and essential nutrients as established by the Pood and
Nutrition Board, National Acadeay of Sciences - Nationhai
Research Council (1974) . The nutrient cosposition of the
diets were calculatea according to values lasteda 14 the Food
and Agriculture Handbook 856 (1975). A partial list is
showvn in Appendix O.

After the second week ot the experimental period,
either 276 or 552 calories as combinatiions of Koman Meal
bread and Parkay margarine (Appendix P) were added to the
diets of eleven subjects because of body weight loss. These
food i1tems vere chosen to add extra calories without signi-
ficantly altering the caioric distribution among protein,

carbohydrate and fat and P/S ratio (Appendiax Q). Appendrx R
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indicates the average daily nutrients consumed per suvject
according to treatment groups. All foods were weiganed to
the nearest tenth of a gram to insure adequate coutrol. The
food iteas served during the 4 day cycle menu were kept as
nearly identical as possible betwveen treatment groups. ZThatu
is, similar non-treatsent sources of protein vere served and
entree iteas containing a large proportion of the treatment
sources of protein were samilar in composition, except for
the treatment source itself. Pood 1tems and the quantaties
(in grams) served in all diets are shown 1in Append.x M.

All treatment diets throughout the 28-day study were
prepared, veighed and served in the metabolic Kkitchen of tae
Departaent of Auman Butrition and Foods. Regular meal times
were established for breakfast, lunch and dinner. All sub-
Jjects consumed their food at the Metabolic unit except for
snacks provided to them or take-out lunches. Coffee, tea,
vater and non-nutritive beverages were aliowed ad lLibitum.
Pood from each days menu’s was homogenized daily and &iir-
quots from each treatment diet vere taken for proximate ana-
lysis. Percent moisture, percent ash, percent tat and grams

of protein were determined for 1 four day cycle.

VI. Collection apd Preparation of Plood Samples
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Subjects were informed of the importance ot fasting
12-14 hours praior to alil biood sampling. Biood samples were
drawn by a licensed medical technologist between 7:00 ana
8:30 a.an. HNultiple sample needles (21 gauge, 1 inch) ana 15
Bl vacutainers coutaining solid disodium ethylenediaminetet-
racetic acid (EDTA) vere used at ail times. Once the vacu-
tainers vere filled, blood wvas promptly and thoroughly aixed
by gentle inversion of the vacutainer. Vacutainers were
labeled and placed imn vet ice.

Withan one hour after coliection, plasma was separated
from cells by low speea centrifugation at room temperature
for 30 minutes. Plasma Vas resoved Dy pipetting and stored
in 7 ml storage vials. After an aliquot of piasma was
recovered for total cholesterol and triglycerade determina-
tions and for separation of HDL, the remaining plasma was
refrigerated at 49 C and prepared for uitracentraftugation

vithin 30 minutes.

VII. Plassa Total Friglyceride Determinatjon

Triglyceride deteraination was performed using a coio-
rimetric procedure in which the sample is partitioned bet-
veen acidified isopropanol and un-heptane. The triglycerides
are selectively extracted into the heptane layer; thus,

leaving the more polar phospholipids in the isopropano.i
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layer. Hydrolysis of the triglycerides from an aiiquot ot
the heptane layer forms free fatty acids and giycerol. The
glycerol 1is oxidized to formaldehyde and iorllc acird. The
formaldehyde is condensed with acetylacetone in the presence
of ammonium ions to give a yellow dihydrolutidane derivative
vhich is then measured spectrophotometricelly.

Reagents for the assay were prepared by STANB102 labo-
ratory and detailed elsewhere (Appendix S). Laboratory pro-
tocol set forth by STAMBIO was followed.

A. Preparation of working standards:

Pour standards, for triglyceride determination were
prepared using 10 ml volusmetric flasks and total aelivery
glass pipets (iml, 2ml, 3ml, 4ml). Standards were prepared
by adding the stock trigijeride standard to each ot the four
volumetric flasks. One, 2, 3, and 4 sl of stock trigiycer-
ide standard vas delivered to each appropriately labeled
volumetric flask, each flask vas then brougant up to voiume
wvith isopropyi alcohol. The flasks vere gently inverted to
aix contents and refrigereted at 49 C when not in use.

B. Extraction of non-polar lipids

With a calibrated Eppendorf pipet, 2.0 ml of extractaon
reagent and 4.0 mi of acid aicohol reayent were delivered

into clean 16 x 100 mm screw-cap tubes. Exactly 0.5 ml of

2STANBIO Laboratory ESC Triglyceriae Test Kit, Texas.
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vater was delavered into the blank tubes and 0.5 mi of each
of the triglyceride working standards was added anto the
standard tubes. Then .5 ml of sample was delivered into the
appropraiately labeled sample tubes. Water (0.5 mli) was
added to the blank tube and each of the sample tubes. They
vere capped tightiy, vortexed for 15 seconds and centriafuged
at half speed for 3 minutes. Water (0.5 ml) vas added to
the standard tubes. The stanadard tubes vere them capped,
vortexed for 15 seconds and centrifuged at half speea for
three minutes.

C. Saponification of Extracted Trigldyceride

Two tenths of a ml of the upper heptane layer was
transferred from the extraction tubes to a second set of
tubes. Tanen 2.0 ml of working saponification reagent were
addea to each tube. The countents of the tubes were mixea
well with a vortex and allowed to stand for 5 minutes at
rooms temperature.

D. Oxidation and Color Development

One ml of oxidizing reagent was adaed to each tube.
One ml of the color reagent was then addea to each tube.
The tube contents were mixed by vortex for 15 seconds and
alloved to incubate at 709 C for 10 minutes. The rubes vere
alloved to cool for 3-4 minutes and standards and samples
vere read against the blank at 425 nm in 12/115 am cuvettes

in a spectrophotometer.
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E. Computation of Resuits

The avbsorbance values from the spectrophotometer were
converted to trigiyceride concentration values (mg/100 m.)
from linear regression curves using the four stanaard solu-

tion absorbance values.

VIII. Quantification of VLDL Trjiglycerijde

A. Separation of lipoproteins by ultracentrifugation

Plasaa fractions wath densities less tnan 1.00b g/ml
containing VLDL or greater than 1.006 g/mi containing LDL
and HDL were separated by a single ultracentrifugai spin in
a Beckman preparative uitracentrifuge (modei L5-75B)3
according to the LRC procedure (1974).

B. Preparation of samples for ultracentritugation

The samples were allovwed to varm to room temperature
(23 C). DUsing class A pipets, 5 ml of plasma were deliv-
ered into the cellulose nitrate tubes specifically used for
ultracentrifugation spins. Saline (0.15 ml) (.02% EDTA,
pE=7) was delivered into the centrifuge tubes on top ot the
plasma layer. The tubes vere capped ana placed in a pre-
cooled rotor (50.3 TI) and the samples vwere centraifuged for
18 hours at 109 C at 40,000 RBRPAH.

C. Preparation of the Ultraceantratugye Praction

3Beckman Instruments, Calafornia
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Forlowing the 18-hour spin, tane rotor wvas aliowved to
stop or siow down for 30 minutes without using the braxke.
Bach tube was slowly and gentiy removed from the rotor using
the extraction tool. The caps vere removed using a cap
vrench instrument. Tube caps were gently resoved by siidiug
along the edgye of the tube to remove any lipoprotein adher-
ing to the underside of the cap. W®hile holding the cap over
a small beaker, approximately V1 ml of saline was used to
vash the cap of any remaining lipoprotein. Cap washings
vere added to 5 ml volumetric flasks. A 5 al syringe was
used to remove gpproximately 3 ml ot the supernatant from
the original centrifuge tubes and dispensed into a 5 mi
volumetric flask. Volume was prought to 3 ml with saiine.
During veek 1 and veek 5, a 60 ml blood sample was taken for
each subject. Ultracentrigation protocol vas identical dur-
ing this spin; however, 3 al of the supernatant vas used in
addition to approximately 2 m»l of the clear zone. 1n ettect
total volume for this span was S ml. This 1s the zone
beneath the VLDL fraction. On all other weeks, that 1s,
veek 2, 3, 4 and foliow up, the clear zone was discarded.

The volumetric fiasks were stoppered and contents mixed
by gently inverting the flasks. The VLDL fluid ias trans-
fered to labeled 7 ml storagye vials and frozen at -200 C
until further analysise.

D. Determination of Trigiycerides in VLDL
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The triglycerides present in the VLDL fraction were
determined by the same procedure used for determining tri-

glycerides in serum described previously.

IX. Statjstical Apalysis

Bean plasma total trigiycerides and very low density
lipoprotein triglyceride values were expressed as ag/100 mi
concentrations. A tvo way analysis of varrance model was
used to determine if differences existed in triglyceride and
VLDL values between treatments and witanin treatments across
veeks (Harvey, 1976). The level of significance was set, a
priori, at 0.05. #When significant differences were found,
Dunn®s test for multiple comparison (Rosccoe, 1969) was used

to determine the exact location of differences.



RESULTS

I. 3Subjects

General physical characteristics ot the andividuai sub-
jects are listed in Table 1. Subjects ranged in age from 19
to 28 years old vith a mean of 23.5 t 3 years. Tne average
veight of the study participants was 72.7 * 9 kg. HNean
height of the subjects was 177 x 6 ca.

None of the subjects were cigarette smokers. 1wo had
indicated that they had smoked previously; however, these
tvo subjects stopped smoking at least one year before the
study period. |

Information on the pre-experimental questionnaire aundi-
cated that ail subjects were in excellent heaith. Only one
reported a family history of heart disease¢ (uncle died of
heart attack). MNone of the subjects vere taking prescribed
medication priof to or during the experimental period.

Those who Were taking vaitamin/mineral supplements praior to
the study vere asked to discontinue their use duriug the
experimental period.

Throughout the study, the subjects were requested to
maintain their usual pattern of physicai actavity. Por alil
subjects this i1nvolved some type of moderate exercise such

as bicycle riding, walking, swimming or hiking. None could
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TABLE 1
General Sucject Inforration

Subject Age Height (am) Weight (kg) Cholesteroi Triglyceride Trsacnent 3Additional

Naroer (M3/100 ml)  (mg/100 ml)  Assigment Xcal Intake
L 19 134.3 7n.5 201.2 92.6 Soy +552
2 2 179 74.7 164.5 37.5 say
3 26 173.8 71.6 157.1 §7.3 soy
4 23 172 63.0 185.2 92.6 soy
5 2 179.5 82.5 154:1 41.3 Soy +s52
s 24 184.4 80.5 156.7 2.3 soy 276
7 24 182.5 80.8 180.0 Soy +276
3 7 165.0 59.3 164.7 14.6 soy
9 24 172.3 §0.6 151.2 27.5 Non~fat Dairy

10 2 191.0 87.6 146.4 58.7  Non-fat Dairy +352
1 24 182.3 68.8 206.7 54.6 Non-fac Dairy +276
12 2 170.2 71.0 193.4 s4.6 \on-fat Dairy +552
13 25 178.5 78.6 167.5 52.1  Non-fat Dairy

14 22 176.0 74.7 162.1 85.9 Non-fat Dairy

15 28 130.3 §6.7 162.9 43.0  Yon—fat tairy

16 2 179 76.4 159.4 54.6 Yon-fat Dairy +276
17 2 166 56.3 179.3 53.7 35 “hits

18 2 169.3 55.3 188.0 67.8 Bgg “hice

19 22 183.5 74.8 161.9 gs.1 By “hits =352
20 2 173.0 84.1 156.6 52.1 S5g Wnice

2 28 178.3 %0.3 193.4 75.0 tqg White  +352
22 2 177.0 80.2 148.6 59.5 g5 White  +276
2 22 176.0 76.4 169.3 13.8 Sg Whits

24 2 174.1 72.3 178.7 105.3 S white

Xisam 23.321 177l 72.722 170.6%3 5§3.7=S
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be categorized as being 1L a Stireunuous exercise group.
Strenuous exercise was considered to be jogyiny more thaum 15
mRiles per week or equivalent activaty. Subject participa-
tion throughout the study was excellent. There vere no
drop-outs during the experimental period nor at follow-up.
Study participants received a4 monetary coapensation of $90
for completing the study.

The mean initial and weekly body weights of subjects
are listed in Tabie 2. HNean body weight loss from imitiai
baseline to the last day of the experiment were siamilar for
all treatment groups (—1.4 kg soy; -1.3 kg non-fat dairy;
-%.4 kg egg-vhite). No significant differences (E>0.05) ain
body weight existed between groups. Body veignts dia not
change significantly throughout the experamental period
(P>0.05). During the experimental period, elevemn subjects
began to lose weight. If a counsistent decrease in pody
weight was noted (+%.3 kg or 3 pounds), 276 kcal in the fors
of bread and margarine vere aaded to the diets of those sub-
jects. If subjects did pot return to initial boday weight
within 3 to 4 days, a further increase ain intake of 276 kcali
vas made. Individual body weignt data are iisted in Appen-—

dix U.

II. iet Intake



TABLE 2
Body Weights (kg) of Subjects Receiving 75 gm of Protein Per Day Fram Soy,

Non-fat Diary Products or Bgg White

Body Weights (kg)@

Treatment Week

‘o . b
Initial Experimental Follow-up

0 1 2 3 4 6

Soy 72.9% 3 72.7%3 72.1%*3 71.9¥3 71.5%3

(n=8)

Non-fat Dairy 73.0%3 72.8%3 72.3%¥3 71.9%*3 71.7%3

(r=8)

Egg White 72,2%3 71.7%3 71.3+3 71.2%3 70.8%3

(n=8)

No Significant differences were found in body weights between dietary treatments throughout
the study (P»0.05).

¥jalues are means * SEM.

bpata unavailable.

S6
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Daily nutrient consusption of subjects in the three
treatment groups is shown in Appendix R. Minimal differ-
ences exasted in the total amounts of calories, proteia,
carbohydrate and fat consumed daily in ali treatment ¢groups.
The fatty acid composition as reflected by the P/S ratio was
also similar for the three treatment diets. Cnolesterol wvas
fed to all treatment groups in the form of 2 egg yolks per
day equivalent to 504 mg of exogenous cholesterol. On the
average, subjects consuming the nonfat aairy proteain daet
had cholesterol intakes 76 mg higher than those consuaing
either the soy diet or the egg wanite diet.

In order to maintain body weight throughout the study,
eleven subjects received additional calories (Tabie 1) in
the form of bread and margarine. These foods were addea as
supplements to increase calories without significantiy
altering the fatty acid composition of the treatment aiets.
Differences 1n total calories, protein, carpohydrarte and fat
vere negligible between adjusted and unadjusted diets. The
average aaily nutrient consumption of subjects receiving toe
adjusted diets is shown in Appendix Q.

Proximate composition of the treatment diets 1ncluding
percent ash, percent moisture, percent tat and grass of pro-
tein is shown in Appendix T. Aliguots were anaiyzed from

food composites wanich represented a four hour food intake
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for subjects receiving each treatment diet. One cycie of
menus (four days) tor eaéh treatment group was anaiyzed.
Values for eacn of the four days were combined and preseunted
as mean values of percent ash, perceat moisture, percent fatc
and grams protein (Table 3) .

The laboratory values obtained for grams of protein are
in gemneral agreement with the calculated values for proteain.
Oonly slight differences wvere noted in the percent protein
content of the three diets. 1In addition, percent protein
was determined for certain products coatained in the experi-
mental diets (Tab.ie 4). Protein values for these products
wvere not available in Pood and Agricultural Handbook
456 (1975) and inatial calculations were based on nutrition
labeling provided by the manufacturers. Tnus, ih order to
verify values indicated on the label, percent protein vas
determined using the Kjeldall method (AOAC, 1975). As anda-
cated, laboratory values were in close agreement with nutri-

tion labeling values.

II1X. Plasma Tragjiyceride Councentrations
Mean plasma total triglyceride concentrations are shown
in Table 5 and Figure 2.

The combined least-squares analysis of variaance for

plasma triglycerides is presented in Table b. As 1ndicated,



TARLE 3

Percent Ash, Moisture, Fat and Protein Content of Experimental Diets (Days 1-4)
Treatment Percent? Percent Percent? Grams of
Ash Moisture Fat Protein
Soy 2.6%.4 69.6*4 6.9% .5 108.5£12
Non—-fat Dairy 2.3%.2 70.1%5 7.0%1 110.2*8
Egg White 2.3%.07 71.5%3 6.6%1 114.3%5
%Mean t

bPercent ash and fat on a wet sample basis.

86
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TABLE 4

Camparison of Protein Content of Specific Products

Determined in the laboratory to Protein Values

Provided by Manufacturer

Product Kjeldahl Nutrition Labeling
% Protein $ Protein

Textured Vegetable

Protein 49.6 52.0
Tofu (soybean curd) 11.2 8.0
Egg White 80.0 81.0
Vegetarian Ham Chunks 47.1 52.0
Soy Granules 48.0 50.0
Soy Powder 36.0 40.0




TABLE 5
Plasma Total Triglyceride Concentrations (mg/100 ml) in Subjects Receiving
75 Grams of Protein per Day fram Soy, Non-fat Dairy

Products and Egg White

Total Plasma Triglycerides?

Group Week
Initial Experimental Follow-up
0 1 2 3 4 6
Soy (n=8) 90.4 ¥10b 86.2*10° 66.8 t10d 91.8 ¥10® 81.3t10f 96.6 *109

Non-fat Dairy(n=8) 76.1%10P 91.2%10° 65.4*10d  82.3 *10® 64.8*10f 83.0%109
Egg White (n=8) 70.9 +10P 70.4*10¢ 62.4%109  80.6*10° s1.1t10f  70.6%t109

3Mean * SEM

b,c,d,e,f,9yalues with the same superscript are not significantly different (P 0.05) between
dietary treatments.

00T
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FIGURE 2. Plasma total triglyceride concentrations (means + SEM)
in subjects consuming 75 grams of protein per day fram
either soy, non-fat dairy products or egg white.
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the F value for treatment effects (1.185) wvas not signifi-
cant (P>0.05), nor was the P value for the anteraction bet-
veen treatment and diet (1.126) . An F value of 5.585 indi-
cated a significant veek effect (P<0.05). Because no sigui-
ficant interaction effect betwveen treatment and veeks had
been determined, no rationale existed to test indivadual
group means from wveek to week using one way ANOVA proce-
dures. Although sigunificant differences in values froa week
to veek may have been indicated by such a test, no ditfer-
ences in trends for the three dietary treatments would have
been indicated.

An F value of 5.585 attested to the fact that signifi-
cant dafferences in values did exist between weeks. Subse-
gquently Dunn®s test for mulitiplie comparisons (1969) was per-—
formed on combined treatment means to locate individual
significant veek effects. Results of the multiple compari-
son test established that signifaicant differences existed
between plasma triglyceride values obtained at week one and
veek tvwo, vweek three and week four, week four and week fave.
In effect, all treataents operated in exactly the same fash-
ion throughout the study. Therefore individual means ftor
all treateent groups vere combined in order to demonstrate
the similar treamds occurring within all treatment groups

over the four week experimental period. These values are



TABLE 6
Carbined Least-Squares Analysis of Variance

for Plasma Triglycerides

Source of Variation Degrees of Mean F Value
Freedam Squares
Between Treatment Diets 2 7265 1.185

Interaction Between Treatment

and Weeks 12 410 1.126
Between Weeks 6 2033 5.585%*

*Significant week effect (P>0.05).

€01
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shown ain Table 7 and Pigure 3. 1Individual values tor each
veek within each treatment group are discussed descriptively
in the following paragraphse.

During the experimentai period, similar trends in
changes in triglyceride values froam veek to week were noted
in all treatment diets. In subpjects consuming the soy
diets, a small decrease of 4 mg/100 ml was noted from the
beginning of dietary treatment to the ena of week one. 1In
contrast, those receiving the non-fat dairy protein experi-
enced an opposite trend. That is, their trigiyceriae con-
centrations increased 15 mg/100 ml froa the initial baselaine
value to the end of the first week on the experimental diet.
Triglyceride concentrations at week 0 were 76 mg/100 ml and
at the end of week 1 were 91 ag/100 ml. Plasma traglyceride
values for subjects receiving the egg white diet remained
stable from initial baseline values to the end of the first
experimental week. Serum triaglyceride concentrations were
70 mg/100 ml 1n both instances.

During the second week on the experimental diets, simi-
lar treunds vere noted between all treatment groups. The
largest decrease in serum trigiyceride concentrations wvas
exhibpited by those subjects coasuming the non-fat dairy pro-
tein. A 26 mqg/100 ml change was noted. Serum tragiyceraide

concentrations were 91 mg/100 mnl at the end uof veek one and



TABLE 7
Mean Plasma Total Triglyceride Concentrations of All Subjects

Carbined Over Experimental Diets

Week Triglyceride Concentration
(mg/100 m1)23

0 (initial) =24 79.1t 6P

1 (experimental) =24 82.6 + 6P

2 (experimental) n=24 64.8% 6C

3 (experimental) =24 84,9+ ¢6d

4 (experimental) =24 65.7 £ 6€

6 (follow-up) n=24 83.4+6f

3Mean ¥ SEM

b,c,d,efpaans with different superscripts are significantly different from one another

(P>0.05) (Dunn's Test for Multiple Camparisons).

SOT



106

] T 1 T T T

H All treatment groups

100

90

70

60 -

CONCENTRATION [mg/100mi]

50

J
1

EXPERIMENTAL FOLLOW
uP

T

T

FIGURE 3. Plasma triglyceride concentrations (means * SEM)
of cambined experimental groups across time.
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decreased to 65 mg/100 al at the end of week two. A sSim1idr
decrease was noted in subjects consuming the s0y diets.
Serum triglyceride concentrations at the end of week one
vere 86 mg/100 ml and decreased to 66 mg/100 ml. Likewase,
subjects receiiing 75 grams of protein from egg white exper-
ienced a fall in serum triglyceride concentirations fros week
one to week two but to a lesser extent. Serus triglycerxde
concentrations in this group decreased 8 mg/100 mi. At the
end of week one serum triglyceride concentrations wvere 70
rg/100 ml ana decreased to 2 mg/100 ml at the end of week
tvo.

When comparing serua trigiyceraide concentrations bet-—
veen veek tvo and week three, a similar trenma an ai:l treat-
ments is again noted. However, in this instance, all treac-
ment groups experienced a rise in serum triglyceride
concentrations rather than a fall as observed in week <.
Subjects receiving the soy diets diasplayed an increase of 25
ng/100 ml (66 mg to 91 ng/100 m1l). Likewise, subjects
receiving the non-fat dairy protein diets experienced an
increase in serum triglyceride concentrations, but to a les-—
ser extent. Subjects in this group had serum trigiyceride
concentrations ot 65 mg/100 ml at tne end of week 2 and 82
ng/100 ml at the end of vweek 3, an aincrease of 17 =g/100 al.

An 18 mg/100 mi increase was noted from week two to week
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three in subjects consuming the egy white diet. Taelr
plasma triglyceride conceantrations rose from 62 mg/ 100 al to
80 mg/100 mnl from the end of week two to the end of veek
three.

Serua triglyceride concentrations durangy vweex four
shovwed similar trends in all treataments. A decrease was
noted for all experimentai diets. The largest decrease in
serum triglyceride concentrations (29 mg/100 ml) was
observed in those individuais consuming 75 grams of protean
per day from egg white. Thear serum trigiyceride values
fell from 80 mg/100 ml at week 3 to 51 mg/100 ml at weex 4.
Similar decreases were noted in those subjects consuming 75
graas of protein per aay from non-tat dairy products. Taeir
serum triglyceride concentrations fell from 82 mg/100 m1 at
week 3 to 64 mg/100 ml at week 4, a difference of 17 ag/100
ml. A smaller decrease (10 mg/100 ml) in serum traglyceraide
concentration was observed in those subjects consuming 75
graas of protein per day from soy. Triglyceride concentra-
tions fell in this group from 91 mg/100 Bl at week 3 to 81
ag/%00 ml at week 4.

Comparison of serum triglyceriae values during the last
veek of dietary treatment to foilow-up values showed an
expected increase in all groups. Subjects consuming egg

vhite and non-fat dairy protein diets demonstrated a 19
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ng/100 ml increase. Serum triglyceride counceuntration at
veek four was 64 mg/100 ml and increased to 83 mg/100 m1 at
follow-up for those in the non-fat diary protean groupe.
Those subjects receivaing the eqgg vhite protein had serum
trigljceride concentrations at week 4 of 51 mg/100 al
increasing to 70 mng/100 ml at follov-up. Similar increases
were noted in subjects consuming 75 grams of protean per day
from soy. Their serum triglyceride concentrations increased
from 81 ag/100 al at week four to 96 mg/100 al at follow-up,
a difterence of 15 mg/100 ml. When baseline serum tragly-
ceride concentrations vere corpared to tollow-up vaiues, no
differences were found.

Subjects receiving 75 grams of protein froa s0y had
initial serum trigliyceride concentratioas of 90 mg/%00 mi;
at follow-up, triglyceride values showed fittle change (96
ng/100 ml) with a difference of 6 mg/100 ml. A samilar
trend vas noted in subjects receiving 75 grams per aay of
non-fat dairy protein. Baseline values of serum triglycer-
ide in this group vwere 76 my/100 ml. Folilov-up vaiues
increased slightly to 83 mg/100 ml, a diffesence ot 7 mg/100
ml. Likewise, subjects receiving 75 grams of protein froms
egg wvhite showea no change from baseline to follow—up with
serum triglyceride concentrations of 70 mqg/100 ml in poth
instaunces. Serum trigiyceride concentrations for individual

subjects are shown in Appendix V.
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IV. Plasma VLDL-Trigiyceride Concentpatiops

Mean plasmsa VLDL-triglyceride concentrations are shown
in Pigqure 4 aund Table 8. The combined least-squares ahaliy-
sis of variance for plasma triglycerides 1s presentea 1n
Table 9. As indicated the P value for treawment cffects
(1.138) was not significant (P>0.05) nor was the P vaiue for
the interaction between treatment and diet (.517). Because
no significant i1nteraction effect betveen treatment and
weeks had been daetermined, no rational existed to test indi-
vidual group means from week to week using one way ANOVA
procedures. Althouyh significant differences in values from
week to week may have been indicated by such a test, no
differences in trends for the three dietary treatments wouid
have been noted. An F value of 8.682 gave credence to the
fact that significant differences (P<0.05) in valuwes dad
exist between weeks. Accordingly, Dunn'’s test ftor suttaple
comparison (1969) was performed on the compined treatment
means to locate individuai significant week effects.

Results of tne multiple comparison test establashed that
significant differences existed between the initiai baseline
value and veek one, week one ahd week tvwo, week taree and
veek four. There was hovever, no significant difference
betvween week two and week three. PFPor ail practicai pur-

poses, alil dietary treatments operated in the same fasuion
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throughout tne study. Therefore individuzl means for ail
treatment groups were combined in order to aemonstrate the
similar trends occurring withan all treatment grouys over
the four week experisentai period. These Values are shown
in Pigure 5 aad Table 10.
Individual values for each week with each treatment group
are dascussed descriptavely an the followang paragraphs.
During the experimental period, simiilar trends in
changes in piasma VLDL-triglyceride concentrations were
noted in all treatment diets. From the beginning of dietary
treatment to the end of week one. All groups experienced a
decrease in plasma VLDL-triglyceride concemntirations. The
largest decreases (20 ag/100 ml) were observed in those sub—
jects fed the soy diets and in those receiving the egg white
diets. Plassa VLDL-triglyceride concentration at the initi-
ation of dietary treatment was 55 mg/100 ml and decreased to
35 mg/100 Bl at the end of week one in those indiviaduals fed
the soy diet. Subjects fed 75 grams of egg white per day
showed a VLDL-triglyceride concentration of 49 mg/100 ml at
initiation of treatment. This value decreased to 29 mg/100
al at the end of week one. A similar effect was observed in
those subjects receiving the non-fat dairy protein. VLDL-
triglyceride conceantration in this group at imitiation of
treatment vas 40 mg/100 »l and decreased to 21 mg/100 =l at

the end of week 1, a difference of 19 »g/100 nl.



Plasma VILDL-Triglyceride Concentrations (mg/100 ml) in Subjects Receiving

TABLE 8

75 Grams of Protein Per Day fram Soy, Non-fat Dairy

Products and Egg White

VLDL-Triglyceride Concentration?

(mg/100 ml)

Group Week

Initial Experimental Follow-up

-0 1 2 3 4 3
Soy (n=8) 55.0t 6P 35,5t6C 42,9t ¢6d 45.0t6e  32.8te6f 41.8* 69
Non-fat Dairy(n=8) 40.9t6P 21.6%*6°  38.8%¢d .46 22.5¢7f 40.1t69
Egg White (n=8) 49.9t¢b 29.2t7¢  38.5%t¢d 41.7t6e  23.8%t6f 34.0 £ 69
AMean t SEM

b,c,d,e,£,9yalues with the same superscript are not significantly different between dietary

treatments (P 0.05).

(4143



113

1 i I i I 1
H Soy H Non-fat dairy H Egg white
- E 60} 7
o)
- Q
; S50 -
E
Z -
9 40 -
:
Z
S
Z 20 o
Q
(&)
10} -
1 ] ! | | 1
0] 1 2 3 4 6
WEEK
l | ]
| 1 i
EXPERIMENTAL FOLLOW
8]

FIGURE 4. Plasma VIDL~triglyceride concentrations (means + SEM)
in subjects consuming 75 grams of protein per day from
soy, non-fat dairy products or eggwhite.



TABLE 9

Canbined Least-Squares Analysis of Variance

for Plasma VIDL~Triglycerides

F Value

Source of Variation Degrees of Mean
Freedam Squares
Between Treatment Diets 2 989 1.138
Interaction Between Treatment
and Weeks 10 88 .517
Between Weeks 5 1469 8.682*
*Significant week effect (P>0.05).

P1T



TABLE 10
Mean Plasma VIDL~Triglyceride Concentrations of All Subjects

Cambined Over Experimental Diets

Week VLDL~Triglyceride Concentrations
(mg/100 m1)2

0 (initial) n=24 46.8¢ 3P

1 (experimental) n=21 28.7 *3°

2 (experimental) n=24 40.1+34

3 (experimental) n=24 40.4 £39

4 (experimental) n=21 26.4 £ 3¢

6 (follow-up) n=23 38,6t 3f

Mean * SEM

b,c,d,esfymeans with different superscripts are significantly different from one another

(P>0.05) (Dunn's Test for Multiple Camparisons).

STT
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FIGURE 5. Plasma VIDL~triglyceride concentrations (means t SEM)
of all subjects cambined over experimental diets.
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During the second week of dietury treatment, all
treatsent groups experienced a sikilar i1ncrease in plasma
VLDL-triglyceride concentrations. In subjects fed soy pro-
tein, plasama VLDL-triglycerides increased from 35 ag/100 mli
at veek one to 42 mg/100 ml at week two, a differeunce of 7
mg/100 ml. A larger decrease (17 mg/100 ml) was obersved
from week one to week two in subjects fed 75 grams of non-
fat dairy protein. Concentrations of VLDL-traglycerides in
this group were 21 mg/100 mi1 at week one and 38 mg/100 ml at
veek tvo. Subjects fed the egg white diet experienced a
similar increase but to a lesser extent. Plasma VLDL-tri-
glyceride concentrations at week one were 29¢ng/100 Al and
38 mg/100 Bl at veek two, a aifference of 9 mqg/100 mi.

Plasma VLDL-triglyceride concentrations from week 2 to
week 3 shoved different trends betveen treatments. That is,
both groups of subjects fed the soy and the egy white diets
experienced small increases in plasma VLDL-triglyceride con-
centration, whereas those fed the non-fat dairy protein dis-
playea a smail decrease in plasma VLDL concentratious. In
subjects fed 75 grams of soy protein per day, plasma VLDL-
triglyceride concentrations increased from 42 mg/100 ml at
week 2 to 45 mg/100 ml at week 3. A similar increase was
observed fros week three (38 mg/100 ml) to week & (41 mg/100

Rl) in subjects fed 75 grams of eqg white protrein per day.
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A decrease in serum VLDL-trigiyceride concentration was
noted in subjects consuming the non-fat dairy protean.
Plasma VLDL-triglyceride concentrations fell tfroa 38 mg/100
Bl at week two to 34 mg/100 ml at week three, a ditference
of 4 ng/100 nl.

PFrom week 3 to week 4 of dietary treatment all treat-
ment groups displayed similar decreases in plasma VLDi-tri-
glyceride concentrations. Plasma VLDL-traiglycerade values
in subjects consuming the soy protein diet tell from 45
ag/100 ml1 at week three to 32 mg/100 ml at week tour.
Values for those subjects consuming 75 grams of protein from
non-fat dairy products fell from 34 mg/100 ml at week three
to 22 ng/100 ml at week four. Larger decreases in plasma
VLDL-triglyceride concentrations were noted froam week three
to veek four in those subjects consuming the eyg vwhite pro-
tein. Serum VLDL-triglyceride concentrations at week taree
vere 41 mg/100 ml and fell to 23 mng/100 ml at week tour, a
difference of 18 mg/100 mi.

From the last veek of dietary treatment to toilow-up,
all groups exhibited aincreases 1in plasma VLDL-trigiyceride
concentrations. Subjects fed 75 grams of protein per day
from soy showed an increase in thear plasma VLDL-triglycer-
ide conceatrations from 32 rg/100 1 to 41 mg/100 »l, a dif-

ference of 9 mg/100 mli. Similariy, those subjects consuming
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the egg white diet showed an increase in their plasmsa VLDL-
triglyceride concentrations from 23 ag/100 al to 34 mg/100
Rl, a difference of 11 »g/100 ml. A larger increase 1n
plasma VLDL-triglycerade concentration (18 mg/100 ml) was
observed in subjects consuming the non-fat dairy protedn.
Mean plasma VLDL-triglyceride concentration tor the non-fat
dairy group was 22 mg/100 ml at week 4 and increased to 40
ng/100 =l at follov-up. Comparison of values from baseline
to follov-up indicate that little change occurred 1in those
subjects fed 75 grams of proteian per day trom non-fat dairy
products. Initiel baseline and follow-up values were 40
ag/100 ml in both instances. 1In subjects fed soy protein,
follow-up values vwere 14 mg/100 al less tham inmitial base-
line values. A samilar trend vas observed in the subjects
fed egg white protein when baseline and follow-up values
vere compared. Baseiine values for subjects ted eygqg white

protein vere 49 ag/100 ml and 34 ag/100 ml at follow-up.



DISCUSSION

I. JXntroductjon

The present study examined the effect ot feecaing either
soy, non-fat, dairy products or egqg white protein on plasma
triglyceride and VLDL-triglyceriade levels in young men.
Analysas of variance indicated that no significaut differ-
ences in serum lipid levels due to dietary treatment wvas
obtained, nor was there any significant diet and weex anter-
action effect. All subjects, regardless of dietary treat-

ment, responded ir the same vay fromx veek to week.

II. Effect of Djetary Proteip on Serum Iriglycerades and

Yery lLov Demsity-Triqlycerides

The lack of any significant effect due tou dietary
treatsent 1s not surprizing in light of results obtained in
other similar studies (Walker et al., 1960; Campbell et al.,
1965; Carroll et al., 1978; Anderson el ai., 1970). When
plant protein replaced animal protein in the diet of hLeaithy
young women, no significant differences were observed bet-
veen the tvo groups in serum triglycerade levels (Walker et
al., 1960). sSimiiar results vere obtained ibh a later study
(Carroll et al., 1978) when soy replaced animal protein 1in

the diets of healthy young women. A mixed protein diet was
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fed inatially for twenty tour days. The next phase of the
dietary period involved replacing the animal protein con-
tained in the mixed aiets wath soy protein. Analysis of
variance indicated that no significant differences in serum
triglyceride concentrations were observed between the two
dietary treatments thus indicating that soy proteir did not
lover seruam triglyceride leveis.

Campbeli and co-workers (1965) compared diets contain-
ing wheat gluten to diets containing an isonitrogenous
amount of casein-lactaibumin. No differences existed 1in
serum triglycerides petween individuals on the two dietary
treatments. This situation persisted whether the diet con-
tained 12 percent linoieic acid or 40 percent linoiteic acad.

When egg white and vheat gluten diets were coampared
(Anderson et al., 1971), no statistically significant
differences existed in serum triglyceride concentrations;
although subjects consusing the egg white diet had serum
triglycerade concentrations of 92 113 mg/100 al and those
consuming the wheat gluten diets had serum triglyceride con-
centrations of 8419 ag/100 mi, a difference of 8 mg/100 nl.

In summary, when the effect of plant and animal protein
diets on serum lipids are compared, no sigmificant differ-
ences in serum triglycerides between dietary treatments is

observed (#alker et ali., 1960; Campbell et ai., 19b65; Car-
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roil et al., 1978; Anderson et al., 1971). Evidence trom
published reports indicates that serum traiglyceraaes are
more responsive to changes in dietary carbohydrate and fat
(Anderson, 1967; McDonald, 1967; Eestel et ali., 1970) rather
than to cpanges 1n the protein moiety of the aiet.

In 1967, Bodges and co-workers replaced animal protean
in the diet of six prison inmates with soy protein. In
addition, carponydrate source as well as fat levei was var-
ied during the experimental period. Serum cholesterol
decreased throughout the stuay period regardless of source
of carbohydrate or level of fat. Serua triglycerides, how-
ever, vere more responsive to dietary carbohydrate and fat
influences. In the presence of a lowv-fat diet (15% of
caloric intake) wath starch as the carbohydrate source,
serum triglycerides tell signiaficantly belov baseiine ievels
(166 mg/100 ml to 133 mg/100 ml). When sugar replaced
starch as the carbohydrate source in the lov-fat diet, serum
triglycerides rose to 208 mg/100 ml. Wonen fat was increased
to 45 percent of caloric iuntake and starch was the carbohya-
rate source, serum triglycerides fell to 838 mg/100 al; how-
ever, when sugar replace starch in the presence oxr a higyh
fat diet, triglycerides significantly increased to 211
ag/100 ml. In eftect, serum triglycerides were more respon-
sive to changes in dietary carbohydrate and fat rather thnan

to changes in protean.
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Shorey and co-vorkers (1981) found that serus
triglycerides significant.iy increased from baseline levels
wvhen soy diets were fed. In contrest, the serum trigiycer-
ide levels of subjects consuming animal protein diets
remained stable throughout the study. When treataent diets
vere compared to previous self selected diets, it was found
that dietary carbohydrate was significantiy hagher on the
treatment diets. Thus, the change in triglyceride ievels
during the experimentai period was attributed to the change
in dietary carbohydrate.

Hyperlipidemic subjects experienced a significant
decrease in plasma triglyceride concentrations vheu a low-
fat diet (consisting of 60 percent of proteian from animal
sources, cholesterol intake of iess than 100 mg/day ana a
P/S ratio of 2.7) wvas fed. Siasilar decreases were noted
vhen s0y replaced animal protein in the diets of the same
subjects (Sirtori et al., 1979). These results seem to
indicate that the lowering of serum triglyceride can not be
attriputed to the protein moiety of the diet alone. In all
likelihood, the triglyceride lowvering effect is the result
of some dietary coaponent (s) presen{ in both diets. The soy
protein and the animal protein diet had samilar fatty acad
compositions (P/S=2.7). BEvidence indicates that polyuusatu-

rated fatty acid content of the diet influences serum tra-
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glyceride concentrations (Mestel et al., 1970; McDonald,
1967) . no data is available on the source of carpohydrate
fed by Sirtori et al. Hovever, both groups vwere consuming
coaparable amounts of carbohydrates as a percentage of total
caloric intakee.

In addition, blood lipia values of subjects prior to
any dietary treatment are an important factor determining
response to dietary manipulation (Van Raaij et al., 1979).
Sirtori el al. vere working vith hyperlipidemic subjects
vhose serum cholesterol and/or triglycerides were elevated.
This may explain vwhy both groups experienced similar
decreases in triglycerides, that is subjects with eclevated
serua lipid concentrations are more seansitive to dietary
manipulation designed to lover these serum lipids.

The effects of ingesting supplemental amounts of milk
on serum lipiads has been ainvestigated (Howard et ai., 1977;
Howard et al., 1979; Hepner, 1979). These reports indicate
that serum triglyceride levels are unaffected by milk pro-
tein. However, Rossauru and co-workers (1981) demonstrated
a significant triglyceride lovering effect when supplemental
amounts of either skim miik or cream were fed to subjects.
Serum trigiycerides dropped from baseline levels or 131
ng/100 m»l to 99 =rg/100 ml at the end of treatment for sub-

jects consuming supplemental amounts of skim malk. Simiiar
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decreases were observed in those subjects consuming fuli
cream. Values in this group decreased ifrom 123 mg/%0 ml at
baseline to 100 mg/100 wl at treatment termination. In a
third group, fed supplementai amounts ot yogurt, a trans-
cient significant rise in traglyceride levels (from 96

ag/ 100 al to 142 =g/100 al) was obtained after one week of
treatment. These levels feil beliow baseline levels at the
end of the experimental period. The researchers postuiate
that the elevation at week one of treatment may have been
due to the increased consumption of refined carbohydrate.
In efftect, all groups experienced a lowering of serums tri-
glyceride levels. The authors contend that ®spontaneous
dietary adaptations®™ were responsible for the fali 1n serum
triglycerides and that it is difficult to ascripe the falil
in serum triglycerides to any property of the milk products
used since the fall in serum triglycerides continued after
supplementation vath milk products ceased.

Only limited data is available concerning the effect of
feeding different protein sources on the very lov aensity
lipoprotein fraction in serua. Lack of sufficient research
on the VLDL fraction stems in part from the time cousuming
method of separating lipoproteins and the equipment needed
for ultracentrifugation. 1In addition, researchers have pre-

ferred to look at the cholesterol carrying iipoproteans



(LDL, BDL) wanich are more likely to change 1n response to
dietary manipulation than is the VLDL fraction. The very
low density iipoprotein is responsable for carrying a targe
portion of the traiglyceride molecule (Herpert el ai., 1978).
In fact, VLDL contains A5-65% triglyceride (Herpbert ei al.,
1978) . Because of this relationship, any changes in serus
triglyceride would be reflected by concoaitant changes an
the VLDL fraction. FPurthermore, VLDL would be expected to
respond to dietary coaponents 1nh Ruca the same way that tra-
glycerides do.

Van Raairj et al (1981) found no appreciable change an
serum very low density lipoproteins when casein ana soy
diets were compared. Mo significant differences existed
betveen the two groups with reqgqard to VLDL levels.

In summary, studies comparing animal and vegetabie pro-
tein diets have found no sigrafaicant dafferences in serum
trigiyceride or VLDL levels between treatments. Diafferences
reported in serum triglyceride levels can possibliy be attri-
buted to the carbohydrate content of the diet. 1u addition,
the fatty acid composition of the diet exerts an iunfluence
on serum triglyceride levels. Sirtori et al (1979Y) found
that both a lipid lovwering diet (low fat, low cholesterol)
and a soy-based diet lovered serum triglycerides. However,

the population sasple wvas hyperiipidemic and signiticent
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changes in serum lipids may have been a result of aincreased
sensitivity to dietary manipulataon.

Studies whican do report significant ditferences in
serum triaiglycerade VLDL levels between groups fed differang
sources of dietary protein may have resulted in lalge
changes in source ana amount of dietary carbohydrate between
self selectea diets previously consumed and experimental
diets.

The results found in tae present study are in agreement
with results obtained from similar studies. That is, ho
significant aifferences in serum triglycerides were found
between treatment diets daffering an protein source only.

In the preseat study, ail subjects were consuming approxi-
mately a 1:1 ratio of simple to complex carbohydrate. Car-
bohydrates were provided as a constant percentage oi calorac
intake across all diets. In etfect, any blood lipid res-
ponses would not be expected to be the result of differeant
carbohydrate sources or amounts in the present study. Simi-
larly, because fat content and compositions of ali diets
wvere constant in the present study, these factors were not
expected to influence serum triglyceride or VLDL concentra-

tions.

IIXI. Yariability in Serum Lipad Concentrations
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Although no signiticant differences in serua lipid lev-
els vere found betvween treatment groups, a siynificant week
effect vas ovserved (P<0.0S5). Prom week tOo week serum tri-
glycerides increased or decreased reaching a peak value of
84 mg/100 ml at veek three. In a previous study in tais
laboratory, examining the effect of daily cholesteral intake
(400 mg vs 1400 mg) on serum triglyceride concentrations,
FPlaim (1979) found simiiar trends an changes in serum trai-
glyceride concentrations (Figure 6) . HNo sagnificant differ-
ences in serum triglyceride values due to dietary tredatment
were found (P>0.05). Both groups regardless of Cholesterol
intake experienced a decrease in serum triglyceride levels
at week two. Serum triglycerides trom veek one to week two
fell from 62 »g/100 m) to 58 mg/100 ml 1n subjects fed 400
mng of cholesterol. A similar small change was noted 1in
serum triglycerides of those subjects consuming the 1400 mg
cholesterol diet. Serum triglyceride concentrations at week
one were 56 mg/100 ml and decreased to 55 mg/100 wmi, a daf-
ference of 1 mg/%00 mi. From week two to week three an
increase in serus traglyceride concentrations was experi-
enced by both groups. However, the magnitude of change was
much larger from weex two to veek taree. Subjects ted 400
ag of cholesterol exhibited serum triglyceride concentra-

tions ot 58 mg/100 ml at veek two rising to 71 mg/100 ml at
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veek three, a difference of 13 mg/100 mi. Similar increases
vere noted in subjects consuming 1400 mg of cholesterol per
day. Serum triglyceride concentrations at week 2 were 55
ag/100 ml ana increased to 73 »g/100 mi, a aiffereuce of 18
mg/100 ml. From week three to week four both groups experi-
enced decreases in seruma triglyceride concentrations. Seruoa
triglyceride concentrations at wveek 4 vere 60 mg/300 as for
the subjects consuming 400 mg of cholesterol. This was a
decrease of 9 mg/100 al fros the preceding week. Simisar
decreases vere noted in supjects fed 1400 mg of cholesterol.
these subjects also experienced a decrease of 9 mg/100 al 1in
serum triglyceride vaiues. Prom week 4 to follow-up, both
groups experienced increases in serum triglyceride concen-
trations. Serum triglycerides of subjects consuming 400
ng/100 al increased irom 60 mg/100 m»l at week 4 to 76 mg/100
al at follow-up, a ditference of 16 mg/100 ml. Subjects
consuming 1400 mg of cholesterol displayed large iuncreases
in serum triglyceride determinations. At week 4 serum tri-
glycerides vwere 64 ag/100 ml and increased to 93 mg/100 ml.
(Plaim, 1979).

The response pattern of serum triglyceride levels
observed in Flaim®s study is 18 agreement with that observed
in the present study suggesting that factors other tunan &

response to dietary components are responsible for the
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per day (Flaim, 1979).
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observed effect. These factors say incluae limitations in
current available methodology, normal bioiogical variation
in triglyceride concentrations, and individual varaiebi.ity.

Chromie et al (1963) measured serum traglyceriade lievels
in eigaty-eight subjects. Blood sampling for traglilycerade
determination was repeated five times 1u order to deteramine
the extent of variability within subjects. Chromie et ail
(1963) found spontaneous variability within the same 1LdivVli-
duals vhen triglyceride aeterminations were repeated on fave
different occasions. The mean serum triglyceride concentra-
tions obtained 1n repeated sampling of the sake subjects on
different days is plotted in Pigure 7. As can be seen the
same type of random fluctuation occurred ain tmne study of
Chromie et al (1963) as in the present study.

From sample number one to the second sample, serum tri-
glycerides decreased from 120 mg/100 mi to 81 mg/%W0 ml. AR
increase in serum triglyceride levels was noted from saample
tvo to sample 3. Serum trigiyceride levels increased from
81 mg/100 ml in sample two to 118 my/100 ml in sample 3. A
mean decrease of 13 mg/100 al vas observed from sampling
nuaber three to sampie nuaber four. (118 mg/100 m1 wo 105
Bg/100 ml). When sampie number 4 was coumpared to sample
number five, a mean increase of 10 mg/100 al was observed.

Mean serusm trigiyceride concentrations were 105 mg/100 al at
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the fourth semple and increased to 115 mg/300 ml at the
fifth sampling.

Similar individual variation vas observed when twice
veekly determinations of serum triglycerides were made 1n 28
men over a 12 vweek period (Hollister et al., 1964). Coeffa-
cients of variation for serum trigiycerides within individu-
als ranged from 7.1% to 34.8% vith a2 mean of 16%, suggesting
that random fluctuation as hagn as 35% occurred within the
same individual. This variation seen in the studies ot
Chroaie et al (1963) and Hollister et al (1964) parallels
changes observed in the present study. A pattern of varia-
tion in serum triciyceride levels is evadent in tne present
study when individual concentrations are averaged over veeks
(Table 7). In addition, examination of indivaduali data
listed in Appendaix V gives further testimony to the exis-
tence of spontaneous variation il serum triglyceride concen-
trations.

Published reports indicate that previous diet can
influence serum triglyceride response to dietary manipula-
tion (Shoney et al., 1981; HAcDonald, 1967; Mestei et ai.,
1970) . Although & 24-hour recail and a food frequency
record were adainistered praor to the preseunt study 1n an
effort to determine and minmimize differences in previous

dietary intakxe of subjects, the type of respoanses elicited
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from these tools do not necesarily allow for cosplete assu-

rance in selection of a homogenous population with regara to
dietary habits. This situation could have been rectified if
all subjects consumed a controiled house diet prior to the

experimental study.

IV. The Use of Serum Trigiyceride ¥Yalues in Clinical

Medicine

Current literature dealaing with serum trigiycerides has
been conflicting. There 1s some indication that serum tra-
glyceride levels are not associated with an increased risk
for developing coronary heart disease. Ratner, the best
prognostic indicators of risk seem to include total serus
cholesterol and high density lipoproteins (Castelixr et al.,
1977) . In most situetions, persons at increased risk have
elevated levels of serum cholesterol and thais as followed by
concoaitant elevations in serum traglycerides (Huliey et
al., 1981). 1In effect elevated serum triglycerides seem to
be secondary to elevations of serum cholesterol coacentra-
tions (Page et al., 1970; Gorden et ali., 1977; Browvwn et al.,
1965) .

Some doubt concerning the efficacy of usaing serum tri-
glyceride measures in clinical medicine has been expressea

vithin the medical community. The hypothesis that elevated
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trigiycerade levels may be a cause of coronary heart disease
althouyh never universaily accepted, has strongly infiuvenced
the practice of preventive medicine. #ost of the evidence
implicatang serum trigiycerides in the deveiopment of coro-
nary heart disease comes from epidemiological studies.

These types of studies may infer an association between the
tvo but by no means indicate a casusal reliataonshaip between
elevatea serum triglycerides and coronary heart disease.
Information from other types of studies (anistochemial and
arterigraphy) is also meager, contrasting with the spectrum
of evidence supporting the hypothesis that elevatea choles-—
terol levels are a causative factor in coronary heart
disease. Some practitioners believe that the widespread use
of identafying and treating hypertraglyceridemia ip appar-
entliy healthy persons for the purpose of preventing coronary
heart disease is inappropriate uniess more persuasive evi-
dence becomes available (Hulley et ai., 1981).

The axafficulty in obtaining conclusive evidence aud
reaching a consensus concerning the relationship of serum
triglyceriae concentrations to coronary heart discease may be
due to spontaneous variation that is present withain iudivi-
duals. Individual variability has been observed in subjects
in controlled diets (Flaim, 1979) in normal populations con-

suming self selected diets (Bollister et al., 1964; Caromie
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et al., 1963) and in patients with coronary heart disease
(Chromie et al., 1963).

In aadition, it as difficult to ascribe changes an
serum triglyceride levels to changes in a single dietary
component as dietary factors including caloric iutake, car-
bohydrate level, carbohydrate source and fatty acid composi-
tion all appear to exert an influence on serus triglyceride
levels (Hestel et al., 1970) . The problem of lack of con-
trol for unrecognized influences (such 2s previous diet) can
be critical in studies using saall experimeutal populations.
The subjects in the present study vere not ocn a controiled
experimental diet prior to the initiation of treatment
diets. It vas assumed that dietary patterns vere saimilar
betveen subjects. The instruments used in the present study
to deteraine eating habits of subjects (24-hour fooa recall
and food frequency) are crude measures at best (Guthrie,
1975) . The type of responses elicited from those totals do
not allow for complete assurance in selection of a homoye-
nous populataion wath regard to dietary habiaits. This situa-
tion could have been rectifiea if all subjects consumed a

controlled house diet prior to the experimental study.

In the present study, piasma triglycerides and VLDL-
triglycerides were investigated in healthy adult males ted

diets containing 75 grams of protein per day either from
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soy, non-fat dairy products or eqgqg white under countroiled
dietary conditions. Differences in total caloric intake,
carboanydrate, fat, chnolesterol, and fatty acid cosposition
of the diet were minimal between dietary treataent. The
study design was difterent from previous reports examining
the e¢ffect of source of protein on serum triglycerides and
VLDL.

No studies have investigated the effect of feeaany
non-fat dairy protein in a controlled setting oa serum 1lipid
levels. Rather previous investigations have examined the
effect of feeding supplemental asounts of milk, jogurt ana
cream. In these studies other dietary components inciuding
fat, fatty acid composition and carbohydrate content were
not controlled. Furthersore, no studaes nave dealt vwith the
effect of feeding egy vhite protein under coantrolied condi-
tions on serum lipid levels.

The findings from the present study indicated that no
significant differences between serum lapid levels in indi-
viduals fed either soy, non-fat dairy products or egg white
existed during the experimental period. Rather serum trai-
glyceride and VLDL-triglyceride levels of individuais on ail
treatment groups responded in the same tasbhion vwith respect
to dietary treatment. All groups experienced decreases in

serum triglyceride from week one to week two and trom week
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three to week four. BHowever, from week two to weex three
and veek four to follow-up, all groups experienced 1ncreases
in serum triglyceride concentrations. All groups displayed
similar trends with regard to VLDL-triglyceriaes. VLDL-tri-
glycerides decreased from the initial paseline value to week
one and from week three to veek four. HBowever, from week
one to week two and week four to weex five, serum VLDL-tri-
glycerides iucreased. The observation that no significant
differences occurred betveen treatment groups is in agree-—
ment with similar studies. Serum triglycerades do no appear
to be predominantly influenced by protein source but may
respond to other dietary components most notabiy totai
caloric fat and carbohydrate content.

The observation that all treatment groups experienced
the same rises and fslls in serum triglyceride and VLDL-tri-
glycerides may be due to other experimental factors includ-
ing spontaneous variation within individuals.

Based on present results and retrospective thought, the
experimental design could have been improved. Subjects
could have been on a controlled house diet prior to the
beginning of treatment intervention. This would asieviate
the problem of previous heterogeneity in dietary pdtterns
vhich can influence serum triglyceride concentrations. 1In a

future study the source of carbohyarate could be varied from
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one treatment to another. Tnls change wouid verafy that
changes (or lack thereof) in serum lipids are primarily
influenced by carbohydrate content of the diet. 1In adda-
tion, longer feeding periods may be beneficial. Serum tri-
glycerides might nave reached a stabilization point, with
longer dietary treatment, rather than continuiang the
increases and decreases from week to week that were
observea. Further, a larger population sample is suggestea.
Bach treatment group included eight subjects; the probliem of
individual variability and spontaneous fluctuation 1S COm-

pounded when only saall saspies are usede.
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Appendix A

FLYER PROVIDING BASIC IRFORMATION ABOUT TBE SYUDY

EAT FREE FOR A HONTH

That®s right! Wanted: Dedicated non-smoking male
volunteers in good health, of normal weight and between the
ages 18-28 to participate in a month long diet study. Every
day eacn subject will receive 3 delicious vegetariah meals
FREE. The investigation will involve assessment of plasma
lipoprotein fractions as affected by dietary source of pro-
tein. Each subject vill be randomly assigned to 1 of 3
treatment groups in which primary source of protein will
come from soy, dairy and egqg wanite respectively. All sub-
jects will eat at the metabolic kitchen - Solitude. Physi-
cal examinations vill be provided PREE before the study®s
onset and measurements of plasma cholesteroi and trigiycer-
ides will be made at regular intervals. In addition, all
subjects vwill receive $90 compensation upon successfui com-—
pletion of tne study. The project will run from March to
May. For further inforsation on this exciting project con-

tact:

Department of Human Butrition and Poods 961-5987
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Appenaix B

METRUPOLITAN LIFE INSURABCE TABLES POR DETERMINING HORMAL

BODY WEIGHT FOR HEIGHT

WEIGHT 1N POUMNDS
(IN INDOOR CLOTHING)

ACCORDING TO FRAME

Source: Betropolitan Life Insurance Compauy

HEIGHT SHALL BEDIUN LARGE

PRANE PRAME FRAME

5 1 112-120 118-129 126-141

5 2 115-123 121-133 129-144

S 3 118-126 124-136 132-148

5 4 121-129 127-139 135-152

5 5 124-133 130-143 138-156

HEN 5 6 128-137 134-147 W2-161
of 5 7 132-141 138-152 147-166
AGES 25 5 8 136-145 182-156 151-170
and 5 9 180-150 186-160 155-174
OVER 5 10 Wa-154 150-165 159-179
5 1" 148-158 154-170 164-184

6 0 152-162 156-175 168-189

6 1 156-167 162-180 173-194

6 2 160-171 167-185 178-199

6 3 164-175 172-190 182-204

HEIGHT SHALL HMEDIUM LARGE

FRAME FRANE FRARE
) 9 94-101 98-110 100-122
4 10 96-104 101-113 109-125

4 n 99-107 104-116 112-128

S5 o 102-110 07-119 115-131%

WOBEN 5 1 105-113 110-122 118-134
of 5 2 108-116 113-126 121-138
AGES 25 5 3 1M1-119 116-130 125-142
and 5 4 14-123 120-135 129-146
OVER 5 5 118-127 124-339 133-150
5 6 122-131 128-143 137-154

5 7 126-135 132-147 141-158

5 8 130-140 136-151 145-163

5 9 134344 140-155 149-168

5 10 138-148 W4-159 153-173
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Appendax C

WEITYEN EXPLANATION OP STUDY PROVIDED TO ALL PERSONS
INTERESTED 1IN PARTICIPATING AS SUBJECTS

Did you know that certain lipoprotein fractious founa
in the blood are correlated to incidence of coronary artery
disease and reports have shown that vegetarians who regu-
larly consumed low-fat, low—cholesterol diets showed reduced
levels of the lipoprotean lipid fractions? The objectave of
our research stems from that preamise. W®e will attempt to
evaluate the source of dietary protein on plasma laipids and
lipid proteins. Subjects will be divided into 1 of 3 die-
tary treatment groups in whach primary source of protein
will come from: soy, dairy and egg white respectively. Tae
subjects vill be assigned to each treatment by randomized
block design using plasma cholesterol levels to rank thne
experimental subjects. In addition, screening based on phy-
sical examination and questionnaires will also be consid-
ered. The diets will be consumed at the metabolic kitchen -
Solitude. Three meals a day will be provided at Solitude.
¥o food or drink (that includes alcohol, guys) except water
can be consumed outside the kitchen. All toree daetary
groups vwill consume caloric values of 2800. Weight ideally
vill be kept constant; if you begin to lose or gain veaght,

your calories will be adjusted.
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APPENDIX C
WRITTEN EXPLANATION OF STUDY PROVIDED T0 ALL PERSON

IATERESTED IN PARTICIPATING AS SUBJECTS (CONTImUED)

A certified Bediacal Technologist will draw fastang
blood samples fros all subjects for plasma lipid deteram
tions: 30 ml at screening, 60 ml at the initiation of
study, 30 ml veek 2, week 3, and veek 4. 60 ml at the
aination of the study. A follow-up blood sample of 60
tvo veeks after the termination of the study will aiso

taken. (No, ve are not vampires, we need the blood to

S

ina-
the
ter-
ml
be

access the lipoprotein fractions.) If you have any ques-—

tions or concerns, please let us knov.



Appendix D

QUESTIOBRNAIRE BEQUIKED OF ALL INTERESTED PEKSONS USED TO
DETERMINE SUBJECT ELIGIBILITY

Name Age

Adaress

Phone

1. History of Cardiovascular disease (If yes, specity what
type of condition).

Personal
Grandfather
Naternal
Paternal
Pather
Brother (s)
Uncle (s)
No kuown history

2. Have you ever been diagnosed as having ahyperlipoprotein-
emia?
NO Yes

3. If yes, specify which type

4. Have you ever beeu diagnosed as having nhypergiycemia or
diabetes mellitus?
No Yes

S. Are you taking any medications on a regular basis?
No Yes

6. I1f yes, specify the name and daily dosage of tne medica-—
tion.

7. Are you on a special diet?
Ho Yes
If yes, specify what type

8. Do you supplement your diet wiath either vitamin (s),
aineral (s) or protein?
No Yes
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APPENDIX D
QUESTIOMNARIE HREQUIKED OFf INTERBSTED PERSOES
USED TO DETEERMINE SUBJECT ELIGIBILITY (COBTINUED)

9. 1f yes, specify the brand names and the daily aosage
of each supplement.
vitamin (s) vitamin-mineral

mineral (s) protein

10. Do you smoke? No Yes
If yes, vhich of the toliowing do you use?
cigarette pipe
cigar chewang tobacco

11. Do you use any recreational drugs? (i1e. pot, LSD,
cocaine, etc.)
No Yes

12, Are you a vegetarian?
o Yes

13. Are you allergic to any specific foods?
No Yes
If yes, list foods you are allergic to

14. Would you like the resuits of your analysis?
Mo Yes

15. Do you plan or anticipate being out of town from April
20th to May 20th?
Ro Yes

16. What will your address be in June of 19812

Social Security#

Blood Pressure mR Hg
Beight Chm
Weight kg
Total plasma cholesterol agl
Total plasma triglycerades Rg%
Urinalysis

Hemoglobin

Hematocrat




Appendax E

FPOOD FPREQUENCY QUESTIONNAIRE REQUIRED OF ALL INTLRESTED
PERSONS USED TO DEBTRRMIMNE SUBJECT ELIGIB1LITY & REATING
HABITS

I. Instructions:

Indicate whether or not you eat the following foods by
checking the columns ®"DOK'T EAT™ or *"DO EAT"™ for each ites.
Por each food you nhave checkxed "DO EAT®™ write the approxi-
mate number of times you eat it in a week. If you eat any
particular food less than once a veek, do not write anything
in the column "TIMES EATEN PER WERK®".

POOD Don®t Rat Do Eat Times Baten/Meek

Chicken

beef, hamburyer, veal
liver,kidney,tongue,etce.
lamb

cold cuts

hot dogs

pork,ham sausage
bacon

fish

shellfish

kidney beans,pinto,etc.
soybeans

nuts or seeds

peanut butter

tofu

cottage cheese

cheese

ice creanm

yogurt

pudding and custard
milkshake

sherbert

ice milk

vhole grain bread
vhite bread
rolls,biscuits,puffius
bagel
crackers,pretzels
pancakes,waffles
cereals
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APPENDIX E
FOOD FREQUENCY QUESTIOMNAIRE REQUIRED OF ALL INTEKESTED PERSONS
USED TO DETEKMINE SUBJECT ELIGIBILITY & EATING HABITS (CONTIRUED)

FOOD pon®*t Eat Do Rat Times EBatenh Per
Week

vhite rice

brown rice
noodles,macaroni,griis
pizza

potato chips,fried smacks
tomato,tonato sauce/juice
tangerine
grapefruit

lemonade

wvhite potato

turnip

peppers

orange juice
oranges

lettuce

asparagus

cabbage

broccoli

brussels sprouts
spinach

greens (collard,kale)
carrots

artichoke

corn

sveet potato/yam
zucchini

summer squash
winter squash

green peas
green/yellowv beans
hominy

beets

cucumabers or celery
peach

apricot

apple

banana

pineapple

cherries
cakes,pies,cookies
sveet rolili,doughnuts
hard candy
chocolate candy
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APPENDIX E
FOOD FBREQUENCY QUKSTIORBAIRE REQUIKED OF ALL IRTERESTED PRERSOBRS
USED TO DETERMINE SUBJECT BLIGXBILITY & BATING HABITS (CONTINUED)

POOD Don®t EBat Do Eat Times Eaten Per
Week

jelly
cocoa

vine

beer
cocktails
fruit drink

II. Below are a list of food items. Please indicate the
foods you consume DAILY.

POOD bon®*t BRat Do Eat Times BEaten/Day

whole milk

2% milk

skim milk

sveetened carbonated
beverage

unveetened carbonated
beverage

coffee or tea

sugar

cream or halt & half

non-dairy creamer

butter

margariue

mayonnaise

mayonnaise or similar
type dressing

liguid vegetable oils

salad dressings

List types of salad dressings. Times EBaten/Day
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APPENDIX E
FOOD FREQUENRCY QUESTIONNAIRE REQUIRKD OF ALL 1IRTERESTED PERSONS
USED TO DETERMINE SUBJECT ELIGIBILITY & EATING HABITS (CONTIAMUED)

IlI. 1. Approximately hov many eggs per week do jyou eat?

2. Approximately how many times per week do you eat
fried foods?
3. Are you on a high fiber diet? JNo Yes
4. Do you eat bran as a dietary suppiement? MNo_ Yes_ _
5. On the average, how many meals per day do you
consume?

IV. Likes and Dislikes
The foods listed below constitute a iarge part of the study
menu. In othervords, there is a strong likelihood you will
be required to eat many of these foods. Are you willing to
eat this food? (ie. if you are allergic to it or hate it,
check no.)

Pood

tomatoes
coconut

skim milk

hard boiled eggs
fried eqgs
scrambled egys
omlets
mushrooas
spicy foods
green pepper
onions

cottage cheese
diet dranks
saccharin

i

s

HTTTEHTTTE



Appendix P

TWENTY-FOUK HOUR POOD RECORD REQUIRED OF ALL INTERESTED
PERSONS USED TO DLTERMIBE SUBJECT EBLIGIBILITY & EATING

HABITS

A food record is a valuable
educational tool which can be used
by you and tne dietitian to examine
your present eating habit and your
caloric and nutritional intake.

Please write down your food
intake for yesterday. If this vas
not what you comnsider a ®typical®™
day, (i.e. veekend, eating in
restaurants) choose another recent
day that you can remember fairly
vell.

List each food that you ate,
including all bevderages, snacks
and condiments. Estimate serving
sizes ih measureaents such as tea-
spoons, tablespoons, cups Or ounces.
Describe any foods you are unsure
about by brand name, size, etc.

Thank you for your cooperation.

E1ARPLE:
When &
Food Amount

Orange juice,unsweet. 8 oz.
Coffee 16 oz.
Cream-half & hailf 4 Tbsp.
Sugar 4 tsp.
Egg, fried 1 large

Toast, Hollywood diet 2 slices

Hargarine (for tst,egg) 4 tsp.

Ritz crackers [
Cheese-cheaeddar 1®square
Coke 12 oz. can
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Appendix G

E1ERCISE AND ACTIVITY LEKVEL QUESTIONMBAIRE

Belov are a list of exercises and activities. Each guestion
has 3 parts to it. If you participate in the activity or
exercise, please complete all 3 parts. If you do not parta-
cipate in the activity, please leave blank. (Consider what
you will do or are doing froam January to June 3981.)

1. Baseball
A. Days/veek 1 2 3 ) 5 b daily__
B. WRhat level of intensity: 1laght___ wmild___
moderate___ vigorous__
C. How long?

2. Basketball

A. Days/veek 1 2 3 4 5 b daxliy__

B. What level of intemnsity: 1light maid
moderate___ vigorous

C. How long?

3. Bovling

A. Days/veek 1 2 3 4 5 o daily_

B. What level of intemsaty: 1ight mild
moderate____ vigorous___

C. How long?

4. Calasthenics

A. Days/week 1 2 3 4 5 6 daaly__

B. What level of intensity: 1light m1id
moderate___ vigorous__

C. Bow long?

5. Canoeing
A. Days/week 1 2 3 4 5 6 daaly____
B. What level of intemnsity: 1light aild
moderate____ vigorous__ _
C. BHow long?
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9.

10.

1.

12.
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APPENDIX 6

EXERCISE AND ACTIVITY LEVEL QUESTIORMNAIRE (CONTLRUED)

Dancing (square, cloggang, ballroom, modern)

A. Days/vweek 1

2 3 4 5

6 daily

B. What level of intensity: 1light m2ld
moderate___ vigorous__

C. How long?

Chopping wood

A. Days/week 1 2 3 4 5 6 daily

B. What level of intemsity: 1light mild
moderate____ vigorous___

C. How long?

Gardening

A. Days/week 1 2 3 ) 5 6 dairly__

B. What level of inteansity: 1light mild
moderate____ vigorous__

C. How long?

Golfing

A. Days/week 1 2 3 4 5 6 daiiy__

B. What level of intensity: 1light mild
moderate___ vigorous__

C. Bow long?

2 3 4 5

6 daily

Bacquetball

A. Days/vweek 1

B. HWhat level of
moderate__

C. How long?

intensaty:
vigorous

Cross Country Skiing

light

aild

A. Days/week 1 2 3 4 5 6 dairly__

B. What level of intemsaty: 1light mild
moderate____ vigorous___

C. How long?

Downhill Skiing

A. Days/week 1 2 3 4 5 6 daxly

B. What level of intensaity: 1laght m1ld
Rocerate___ vigorous____

C. How long?




13.

LL 28

15.

16.

17.

18.

19.
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APPENDIX G

EXERCISE AND ACTIVITY LEBVEL QUESTIONNAIRE (CONTI1RUED)

Soccer

A. Days/veek 1 2 3 4 5 6 daily__

B. What level of intensity: 1light miid
moderate___ vigorous___

C. How long?

Sprinting

A. Days/week 1 2 3 q 5 6 daiiy____

B. What level of intemnsity: 1ight mild
moderate__ _ vigorous__

C. How long?

Rugby

A. Days/week 1 2 3 L 5 6 daily__

B. What level of intemnsity: 1light mild
moderate____ vigorous__ _

C. How long?

Tennis

A. Days/vweek 1 2 3 4 5 6 daarly__

B. What level of intensity: 1liaght mild
moderate__ _ vigorous__

C. How long?

Volleyball

A. Days/veek 1 2 3 4 5 6 daily_

B. #What level ot intensaty: 1light mald
moderate___ vigorous__ _

C. How long?

Weight lifting

A. Days/week 1 2 3 4 5 6 daily___

B. What level of intemsaty: light mild
moderate___ vigorous__

C. How io0ong?

Recreational Biking

A. Days/veek 1 2 3 4 5 6 daxrdiy

B. What level of intensity: 1light m1ld
moderate____ vigorous____

C. How long?
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APPENDIX G
EXERCISE AKD ACTIVITY LEVEL QUESTIOHRNAIRE (CORTIMNUED)

Part II: Please ansver the following questionse.

1. What is your main form of transportation?
Car
Bike
Walk
Other Explain

What is the distance you walk/bike per day?
less than 1 aile

1-2 niles

2-3 miles

greater than 3 miles

2. Do you hake? Ko Yes
If yes, hov maby times per month
Oon the average, what is the distance covered?

3. Do you run? No Yes
Types: Cross Country
days/veek
Riles/run
how iong
Pield House or Track
days/veek
miles/run
how long
Graded Surface
days/vweek
miles/run
how long

4. Do you svim? Mo Yes

Types: Recreational
days/veek
$laps/svin
how long

Team Swia

days/vweek
$laps/svin
how long




Appendix H

PHYSICAL EXAMINATION CHECKLIST

Name
Skin: Color Texture Moisture
Exuptions Other lesions
Head: Appearance
Bair Distribution Character
Scalp
Face: Appearance Color Tenderness
Byes: Crovs Lids
Eyeball motion Prominence Tension
Conjunctivae Sclerae Cornea
Irises
Pupils Size Shape Eeguiaraty
Reactions
Fundi
Bars: Appearance Hearing
Tenderness Discharge
Drums Canals
Nose: Appearance Discharge
Nasal cavity Septum
Mouth: Breath
Lips Color Pissures Lesaons
Tongue Treaor Deviation
Color Hoisture Texture
Gingivae Color Bieeding Pus
Teeth Number Condition Dentures
Throat:Palate & Ovula Tonsils
Posterior Pharynx
Neck: Lymphnodes
Thyroid
Beins

Shoulder Girdle:

Swellang Tenderness Joints
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APPENDIX B

PEYSICAL EXAMINATIOB CHECKLIST

Aras and Hanas:
Pingers:

Back: Deformities Motion Skin

(COBTINUED)

Deformities Tenderness

Swelling Teaderness

Chest: Shape Respiratory BRoveaments
Heart: Apex impulse Location Character
Thrill
Sounds Rate Rhythm Intensaty
Quality
Nuraurs
Pulses Bquality Character
Biood Fressure
Lungs:
Abdomen:Size Shape Basses Ten-
derness
Spasa
Liver Spleen Kidneys Ber-
niae
Inguinal
lymsphnodes
Legs and Peet: Position Tenderness
Abnormal Motions Joints Eaena
Local Svellings
Reflexes: Biceps
Triceps
Knee
Ankle
Romberg
Genitalia:

Any abnormal findangs othervise.
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Appendax J

BMETHOD FOR BLOOD HEMATOCRIT DETERBINATIONS

Duplicate or triplicate micro-hematocraits of each indi-

vidual®s blood wiil be determined simulitaneously with biooa

hemoglobins.

pProcedures:

1. From the lanced tinger tip blood as drawn into 2 or 3
heparinized micro-hematocrit (capillary) tubes.

2. Fill tubes to within 1/4 -1/2 inch of end.

3. Seal the filled end of tube with ®seal-ease.”

4., Piace the tubes in the micro—centrifuge being careful
to make sure the sealed ends of all tubes are touching
the outside edge of the centrifuge.

5. Secure the lid of the centrifuge and set the taimer tor
10 minutes. Centraifuge at 3000 rpm.

6. Allow the centrifuge to stop without use of tne brake.

7. Read the bottom of the meniscus of the plasma and the
top of the packed red cells.

8. EBxpress the volume of red biood cells as percent of

whole blood.
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Appendix K

WRBITTEN AUTHORIZATION FOR PARTICIPATION IN THR STODY
REQUIRKED POR ALL SUBJECTS

I have received an oral and written explanation of the
study and nave had an opportunity to ask questions. I
understana the following:

Purpose: The purpose of the study is to provide information
on the effect of dietary protein source on blood lipids an
adult males.

Procedure: Twenty-four subjects (aged 18-28 years) wiil be
recruited during March 1981. Screening vill be based on
results of pre-experimental questionnaire, pre-—eaperimental
total and HDL cholesterol measurements and a physical exama-
nation by a physician.

The subjects wiil be matched in 3 aietary groups (8
subjects per group) using a randomized block design. The
primary source of protein for each dietary group will come
from soy, egg white or dairy. The subjects will consume
three meals a day (approxamately 2800 kilocalories per meail)
that vwill be served at Solitude, the metaboiic kitchen. The
diets are veil-balanced and meet the daily dietary require-
ments for the major nutrients. Mo food or drink except
vater may be consumed outside of Solitude.

A certified Medical Technologist will drav fasting
blood samples from ail subjects for lipid determanations 6
times: 5 ml st screening and Weeks 2, 3, 4, ana 5; and 60
Rl at Weeks 1, and follow-up. Cholesterol and triglyceride
concentrations will be deteramined in total piasma and vari-
ous piasma lipoprotein fractions.

All anformation obtained wiall be held strictly coufa-
dential and will be used for statistical purposes only.

do compensation will be offered it injury as incurred
as a result of participation in this project. The subjects
will be expected to advise the researchers of any medical
probleas that arise during the stuay and are free to wath-
drav consent and discontinue participation at any time.

LYA
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APPENDIX K
WRITTEN AUTHOKIZATION FOR PARTICIPATION IR THE STUDY
REQUIRED FOR ALL SUBJECTS (COERTINUED)

Any inquiries about procednres by the subjects will be
ansvered at any time.

Opon successful completion of the study, subjects will
receive three dollars per day (approximately ninety dolilars)
for participation.

I understand the above and agree to participate in thas
study to be conducted at Virginia Polytechnic Institute and
State University during Sprimng quarter of 1981.

(DATE) (EABE)

Principle Investigators: Dr. F. W. Thye (961-6220),
Dr. J. Taper (961-5549),
Dr. S. J. Ritchey (961-6779),
Dr. L. P. Perreri (961-6331).

Other Investigators: Mary Lou Johnston, Bary Lou Price,
Mary Saith

Chairmsan, Institutional Review Board for Research Invoiviug
Human Subjects: Dr. Milton Stomsbler (961-5283).
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APPENDIX L

Description of Study Participants by Age, Weight, Hemoglobin, Hematocrit and Urinanalysis

Subject Initial Age Weight (kg) Hemoglabin Hematocrit Urinanalysis

(mg/100ml) ()

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 7 20.4 55.5% NN
B.P. 22 81.5 19.3 56% NN
K.M. 22 70.5 19.3 53.5% NN
J.T. 21 74.0 19.7 56% NN
C.W. 28 70.5 18.5 61% NN
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
cC.s. 21 88.7 18 51% NN
G.M. 22 75.9 16.9 47% NN
J.S. 21 83.8 16 46% NN
B.M. 25 77.8 18.8 50% NN
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. 28 67.8 18.3 56.5% NN
X *sD 23.5%4 72.7%8 18.4%1 52.2% 4%

NN Normal-No glucose present; Hemoglobin based on mg/100 ml; Hematocrit based on $ Red Blood Cells.
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Assignment of Study Participants to Treatment Groups Using

APPENDIX M

Screening Values of dt;lesterol and Body Weight

Subject# Cholesterol wt. Subject# Cholesterol wt. Subject# = Cholesterol wt.
(mg/100m1) (kq) (mg/100m1) (kg) (mg/100m1)  (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
4 185.2 64.7 12 193.4 70.5 20 156.6 64.8
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 +sp 171.1t9 73.4%7 168.7+20 73.1%3 172,02 15/72.5%9



Food Itams anc Serving Sizes (in grars) of the Four Daily Manus

APPRNDIX N

Used Throughout the Sperimenctal Pericd

MU I
oY NON=FAT DAIRY GG WHITE
Tood Itmm Weight Tood Item Waignt Tood Item Weight
sczaroled egGs 9G analet scrambled eaGs
g yolks 17 g volks 34 G Wutes 198
cotlemracs 1.4 cocorst ol 9.2 x5 yolk 17
oy flowr H cotage cheese 03 cocorue oil 2l
bacos 3.1 Punenco P P | chun *oast 28.4
margarine 7.4 bagel 28.4 TarqGarine 7.4
Grapsfruit 268.0 TArGarine 4.7 sugar ?
Bagel 56.8 honey L srapefruic a68
MArATING 7.4 grapafriit 63 honey
SUGAr 7 letauce 10
Calexry soup 56 skim milk 122.4
hacos 3.1 potato salad
Yy Il H carrot salad sliced potatoes 138
pupkan sread carzots 139 g yolk 17
n 7.8 pinespple 61.% «©G WLTte 9
SUGAr n saisuns S4 cropped celery 30
oy floxr 10 chesse 13 G Ires mave 32.7
coconut o1l 29 Whaatsworsh crackes 28 taMaTo SR 180
g yolk 17 leron pudding (dey) 2.3 esCOrt cTackar al.
purpkin 56.8 SOGAr 24 randarin czange 3.8
0y FTxules pd | Ginorr snaps COCXWE TBCACTOCNS
lattuce 90 mArgarine 18.7 4.2
mandarin cranges 113.6 sugar 4%.4 coifegrate 5.7
Green Sean casserole Tolasses 9.1 2ed ey Aute 3.2
oV gramules $0.7 H 46.3 Zresh 0y uWhtas kE}
gresn beans 65 carnstarsh 7.1 sugar 24
Tushrooms 52.4
sacaroni *0 soinach souflle Tean bean cassarole
seas and carTots 80 cottage nesse FL Y green beans 63
el 25.2 golden image cheese 3s an. mushroom soup 122.5
marcarine 3.7 msizoans 38 dr:ed egg wnite 2.8
Crcolate pudding 29 spinach (cooked) 10 cnp. aushroom 2.3
soy Llowx H anuons 10 chp. anions 30
oV nuts 28.4 Socorut ol 18 cooked macarsni 7
faisins 5.2 soll 25.2 seas and casrees 80
d-ied apples 45,3 margaine 3.7 szl 5.2
carn as FACKEY TArGArite .4
mandarin orance 123.6 Learon pudding 33.4
ice mulk 9s.3 d-ied eog whiza 2.3
sTawbarzies (2xozen) 5.2 sucar 24
leronade mix 2.3 |argasine .s
Eanana s
selly .
ke 38¢
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APPROIX N

food Itevs and Serving Sizes (in grans) of the Four Oaily Memus
Used Trxouchout he Experimantal Period (contirmued!

MEND II
NON-FAT DAIRY LS WHITE
‘“qignt Food Item Weight ®ood [t Weighs
banana pancaxes arange juliocus
s oK yolks s.8 orangs juice conc. 124
46.9 cottage cheese $5.5 honey a
4 cornstarch 36 sucar 4
%} Sugar 12 dried egm whites 36
&y milk w cotfemrate 3.3
4.2 banana pures ] cocorus o1l 16.4
s coconut oil 18.1 eglish mufiin 56.8
17 e 14.9 TArGATiNe 18.7
14 marvarine 14.0 jelly il
29.6 crange juice 124.5 sliced ot pesaches 3.6
124.5 uneeda bicuit 8.0
Mock wWaldors Salad fried eggs 100
TALSing 9 Sread 13.6
<8 cottage 113 gg free TavO le
43 diced agole sS VOGETAZIAN SP 120
13 soup 120 snredded cabbage 45
2.1 cole slaw carn cil 13.8
13 shrwedded caboage 43 SIFAr 8.3
17 - czises ail 13.6 ¥ple 180
whole wheat Zlour 7.3 vanilla 88.3
lasagma
«g -ee ravo 9.4 Lasagna coconust il 1.8
18 alden imege Shesse 3 oy ALtes 132
Pickle relish 15 cottage cheese 189.5 died ogg Wute 7
vegetable soup 20 ilasagma noodles (ck! 2%3.7 Ao pures 336.8
shredded cabcage L] et SaUce 221 ushroans 3.1
4.3 mshrocms 3.7 cnions 18
Slower oil 4.5 e pappes i0 STean Depoer 15
yellow squash 6S.3 cooked lasagna
noodles 62
letture wedoe %0 ‘eTuce 20
46,5 &uje cocktail 3.6 soyosan oil 8.3
113.6 cocarue (shreddad) 38 fruis cockeail 23.6
i 4.5 skim 244.8 TorzotIon Anoal Cooikues
lasaqna nocdles 170.4 chooolate cookias g3 Wfuce w7
1.2 Socorut ail S.8 nugar <8
rushroans 8.7 e, chocolata 5.3 cocoiate cups 8.4
20 SUGAr 9.4
10 g volks 8.3
squash veliow 63.3 flour 8.9
lez=uce wadge 90 corTistarsh 8.3
frurt cooxoaal 3.8 10 x sugar 2.2
3
.7
10.8
1.7
6.3
0.4
1.6



food Items and Serving Sizes (in crams) of the Four Oaily Manus
Used Thxoughout the Experumantal Feriod (continued)
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APPEDIX N

MINU ITI
SOY NON=FAT DAIRY" LG WHIZ
Food Itam Waicat Food Item Weight food Item Weighs
coffes cake coffes caka fles cake
sugar 48 SUGAr 38 KUGar 48
Sooorwe ail 2.4 cocorut Al 30.5 cocorwt ol 14.¢
g volk 17 g volk 7 cTisco oil 6.8
62.6 flour 62.6 dried egg whites 18
sy oo 3.3 yogure $6.8 cotlearate 3.2
0y gcamnules 17 brown sugar 20.6 flour 93.9
coflemracs S.4 siam milk 244.8 commstarch 36
Srown  SUgAr 20.6 252 hrown sugar 20.6
crange juice 249 white Sread $6.8 crange fuice 248
diez marcarine 7 TarGarine i8.7
has salad golden image chease 56.7 oG salad
vegetarian comato S0 cp. ey Whitzas 231
;s u ieTuce 10 o yolk i
cocorure oil 14.2 calery sticks 50 o5 See Tavo 42
o35 free mavo 28.2 CaTTOt sticks 28 ear=h sTaun Sread 28.%
pickle relisn 15 pinespple ring 37.3 e S0
bacos 3.1 cottage cheese 28.3 let=xe 10
white oread $6.8 skim milk 244.3 calery sticks 50
calery sticks 50 stir fry vegetables CAIrTOT sticks 23
carrot sticks 28 yeliow squash 35.4 banana 7
MO 10 pea pcxis 2.3 pickle rel:sh 18
letzuce leaf 10 brocolli 70.8 sir Iy vegetables
tanara i7s mTar chesruts 18.8 v squasn 38.3
stir £y vegecablas fresh carraes 13.8 pea tods 9.4
Sresh carTot 13.8 sliced celery s occoly 20.6
Zresh celery P pimanto 18.3 wutar chesuss M-
Pineneo 14.3 oY sauce 6 carrots 13.8
yellow squash 38.4 coconue ol 3.3 calery s
pea oods 2.3 sanute rice (dry) 19 canned pimentd 133
choppad broccoli 70.8 golden iLrege cheese 3s cornstarch .7
watsr chesnuts 8.8 WheATIOTTh CTaCKer 12.3 OV sace §
camstarch 2.7 custard coconut Oil u.s
OV sacs § g yolk 1w ote uce (&) 28.3
coconue ol 7.1 Anmpkin $6.3 hard moiled eog
mumses mce (dxy) 19 SUGAT 18 whtes 254
3 7n dry silk powder 2.7 wheatswarth coacker 2.8
pumpkan custard cool W ] furpkin Suscarc
oz yolk pvs nabisco cookies 9.5 oz volk w
camned pupkin 36.8 malk 244.8 camned AsTEkin $6.8
|uGar 18 Jeily bsans 29.43 ST i3
OV qraricles 9.5 died 65 whizes 9
v Oz 2.3 oilemmats 2.3
coflesmate L. ool whup b2
ool wup 14.8
QADLECD CKlies .5
dried apTicoTs 8.4
oy IS %6.3
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APPRNOIX N

Used Droughout the Sparunental Pernod (continued)

- Y
Y NON=FAT OJAIRY BCG WHITZ
food Item Waight Food Itam wWeignt Food Itam weight
SOy catmeal corn flakes A ocatneal
¢y cacneal 20 sugar ? éried ogg WLt 27
0oV granules 46.6 fruit yoqurt .2 raisuns 1.
saisins 13.8 skim milk 244.8 rolled cats 20
applesauce 63.3 whits bread 28.4 Srown  sugar 34.2
brown sugar 34.3 jelly 14.0 cflemmate 2.3
coffemrata 1.6 MArcarine 18.3
pineapple Crmnks 6.1S chopped e9g volks 34 applesauce 137.5
crange juice 124.5 lettuce 73 Pineapple chunks 22
lo cal &ressing 30 arange juice 124.5
isttuce 78 cottage chessas 56.5 egg whute amnelet
white oread 36.3 carned pears 38 cTisce aul 3.6
jelly 28 apacan cule g5 white .fresh) 9.8
SOy nut buttar cocorat oil pL} o volks k23
Oy rucs 28.14 onions 30 so1nach 71
honey 7.8 tractoes 120 an. calery soup $6€
TAXGArine 38 acad golden isage bagel 8.4
cocorurt oil u.l1 cheese $6.1 Targarine 24.6
S0y CaArrot harburger b grape)elly 14
soy flakes $2.8 carcot sticks 30
carzots 5S dinner roll £ Iried ogg whicse 9
cflsanats 11.4 Targarine 9.4 cocoa 7
brown sugar 13.7 gTesn bean cassarole white sugar 48
g yolks 28.5 cocxwt oul a Sl 23.4
pesx 180 Gresn besns §S cTic0 24
GTean pepper with . mushroom soup 122.5 pear 180
oy xrgec cannad mushroanms 52.4 Seicy rice Huoer
380 sauce 93.8 chp. onions 40 hamureer ban s2.3
STHMTO sauce 84.9 galdan 1mage chesse $6.7 dried €05 Wutse 13
ean DEpORr S qum 2 soconut Al 3.3
auon H macaroni (cookad) 70 Qqrean Pepoer 0
e 3 Laron cheese cake (mock) onuon 10
rarburger bun 2.8 vanilla 7.8 2BQ saucs 62.5
jello salacd SUGar 13 SqTATD SFUCe 56.6
dry jellc 37.9 evaporated siom wilk 183 nice {(cooked) [ 3]
£Huie cocktail $6.3 eon Suice %3 squasn §5.3
raisin ook Cookies 9.3
o5 volk 8.5 jelio salad
Srown  sugar 7.l dried 605 wnite 2.3
marcarine ? . Zrait cockzail 22.3
cocomst Qul 8.8 2=y jelio 37.9
soy four . candy o <
wnize flour i9.3
cocolate 2ugs 8.3



APPEDIX O

Parzial Nutritive Analysis of Dperumencal Diezs (dandbook 56)
NUTRIENT -2l M2 IT
Soy Oairy Egamite Sov Oaxzy Sunite
Sergy (kcal) 2726 2851 2782.3 L 2704.4 27%6.5 2908
Protain (total) 10L.3 98.3 99 106.4 9 106.2
Protawn (tTaat.) 74.9 75.8 75.6 7.5 8.4 73.6
frotain (non-
Teagnant 26.3 23.1 23.4 29 2¢.6 30.6
Carsohwvdrace
(grmns) 381.7 369.9 339.2 347.4 349.8 346.2
Total Tat
(grams) l108.1 100.2 110.8 109.2 109.7 107.1
Sauxatad facTy
acils (crams) 7.3 1.7 49.3 S0 <6 32.3
Polyunsacurazed
facty acids (gzmms)  18.9 18.7 18.3 19.6 2.4 .7
*?/$ zacio .39 . .376 .81 .392 .400 .41
Colastaral
(o) 508 580 308 508 $80 508
oLt a Tolais el oal nomed Tatsy ac=d
NUTRIENT MO I2 g v
Soy Cairy Egguhite Sov Oawry Eqqntu e
gy (keal) 27117.9 2894.3 2796.9 2% 2763 2783
PTotaun (tctal) 100.3 108.8 101.6 183.7 135.9 102.4
Protain (tTeat.). 75.0 75.8 7S.6 79.0 Tl 3.6
rotain (non-
Teathent) 25.5 30 26 2.7 3.3 26.3
Carixhydrate
iqrans) 349.1 380.1 288.3 366.9 328.° 355.7
Total Fac
(gTare) 109.7 3.3 23.2 108.9 109.5 .08.3
Satraced TacTy
acds (gzams) $6.4 50.5 $7.8 43.4 2.3 38.2
folyunsacratad
facey acids (gzame)  21.3 20.2 .3 17.3 2.3 18.:3
*3/S ratio <R .400 .37 .399 .43 .401
Cxlestarol
‘mg) 308 €80 508 208 $30 508

“alsiacad as Li0ieis acid/TOTAL ACLIAtad S3Tt/ a0
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Appendix P

SERVIRG SIZE OF POODS (IN GRAMS) ADDED TO BOTH DIETS TO
ADJUST FOR BODY WEIGHT

POOD ITEM SERVING SIZE

276 KCAL 552 KCAL
Roman meal bread 85.2 170.4
Parkay marqgarine 9.2 18.4
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APPENDIX Q

Average Daily Nutrients Consumed per Subject With
Foods Added to Adjust for Body Weight Loss

276 kcal adjustment

NUTRIENT SOy NON=-FAT DATRY BGG WHITE
Energy (kcal) 3002.3 3093 3093
Protein (gm total) 11.9 111.4 111.3°
Protein (gm treatment) 76.6 74.5 75.6
Protein (gm non-treatment) 35.4 37.1 35.7
Protein (% of Calories) 14.9 14.4 14.4
Carbohydrate (gm) 394.2 383.8 383.7
Carbohydrate

(8 of Calories) 52.5 49.6 49.6
Fat (gm) 119.3 118.9 120.8
Fat (% of Calories) 35.7 34.5 35.1
P/S ratio .42 .42 .41
Cholesterol (mg) 504 580 504

552 kcal adjustment

NUTRIENT 120)'¢ NON-FAT DATIRY BGG WHITE
Enerqgy (kcal) 3278.3 3369.4 3369.9
Protein (gm total) 129.9 120.4 120.3
Protein (gm treatment) 76.6 74.5 75.6
Protein (gm non-treatment) 44.4 46.1 44.7
Protein (% of Calories) 15.8 14.3 14.2
(}arbdxydrate (gm) 432.7 418.8 418.8

(% of Calones) 51.7 49.7 49.7
Fat (gm) 129.7 128.9 130.8
Fat (% of Calories) 35.6 34.5 34.9
P/S ratio .44 .44 .43
Cholesterol (mg) 504 580 504
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Average Daily Mutrients Consumed Per Subject

APPENDIX R

NUTRIENT SOY GROUP NON-FAT DAIRY EGG WHITE
GROUP GROUP
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 non-
treatment) 26.4 28.1 26.7
Protein (% of Calories) 15.1 14.5 14.5
Carbchydrate (grams) 353.7 348.8 348.7
te
. (% of Calaries) 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
Cholesterol (mg) 504 580 504
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(2)

(3)

(4)

(5)

(6)
(7)

APPENDIX S
Description of Reagents Used in Triglyceride Detenninat.imsl

isopropyl alcphol - high purity isopropyl alcohol

stock saponification reagent - an agueous solution of
potassium hydroxide (20% w/v).

oxidizing Reagent - a solution of sodium meta-peridate
(0.065% w/v) and ammonium acetate (7.7% w/v) in agueous
glacial acetic acid (6% v/v).

color reagent - a solution of 2.4-pentanedione (0.75% v/v)
in isopropyl alcohol.

stock triglyceride standard - a solution of triolein
(1% w/v) in isopropyl alcohol.

extraction reagent - high purity n—-heptane

am.dalcoholreagaxt-asolutzmofo 08 N aquecus H,SO4
(24% v/v) in isopropyl alcohol.

IStanbio Laboratory ESC Triglyceride Test Kit, Texas.
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APPENDIX T

Proximate Analysis of Experimental Diets

Day 1 (Mem A)

Egg White

% Ash?
% Moisture

<T O N
o o o o
NO~W0n

" 0N
o o o o
NS

% Fat®
Protein gm

Day 2 (Menu B)

N 0 ® r~
o o o o
N ~M

< 0O ¥ W
* o o o
N~ O

o o
CEN:

oP dP dP

Protein gm

Day 3 (Memu C)

Day 4 (Menu D)

O O v
°« o o
* DWWV

@~
e o o

* OV ®

% Ash
% Moisture

$ Fat

3percent asn and fat on a wet sample basis.

Protein gm
*Data unavailable
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APPENDIX V

Serun Triglyceride Concentrations: Individual Data

Group Subject s ‘Aeek
Inicial Exparumantal Follow-uzp
*] 1 2 3 4 6
A 1 78.4 72.4 44.3 50.4 45.3 69.6
2 126.3 102.7 82.7 119.5 73.6 143.9
3 109.3 107.8 75.6 123.2 65.1 85.7
4 39.1 76.4 57.2 71.6 86.2 65.7
H 99.7 66.2 58.5 85.4 $9.7 123.1
6 60.0 43.4 Jo.1 76.4 §2.7 71.0
7 121.6 163.1 147.9 155.6 173.2 153.7
8 70.1 68.3 49.1 62.9 9s.2 64.9
R ¢ smM 90.4T10 86.2%10 66.8 10 91.2 =10 8l.3t0 96.6%10
B 9 S0.S 73.2 4S.3 68.8 4.4 40.3
10 95.8 109.3 80.8 87.4 76.3 91.8
u 83.8 90.1 82.3 84.3 71.6 65.3
12 58.0 018.6 45.6 98.4 103.9 169.9
L3 80.4 97.9 76.5 86.7 72.7 72.8
14 128.4 101.9 85.9 85.0 70.9 101.9
15 7.8 84.2 3.2 87.6 31.3 50.9
16 63.6 64.2 63.2 69.6 46.7 70.3
Xesa 76.1 <10 91.2¢10 65.410 82.)¢ 10 64.8 10 83.2¢10
(o 17 62.2 99.9 44.8 54.2 6.3 67.3
18 61.8 68.1 24.2 a 36.7 62.8
19 96.6 67.3 20.8 64.3 25.3 92.8
20 56.0 48.9 38.1 85.2 50.7 $3.8
2l 87.4 79.1 93.2 71.6 $2.9 S4.5
2 32.9 41.1 76.0 93.2 7.5 s1.3
23 78.5 88.2 111.6 112.0 70.9 109.3
24 69.6 68.7 88.4 93.6 46.1 70.3
X *s2M T0.9%10 T0.4 =10 62.4 22 80.6%10 S1..210 70.6 S 10
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APPENDIX W
Plagra VIDL-Triglyceride Levels:

Individual Data

Subject #

Group

Follow=x
6

TNMO WNWVWO
s i enca
4&45 ~mo N

31712335

.
Sg8sdngdys

8507 998‘
3309 “s
O~ M

~S NP N O ©

315.5¢6 42,926 45.0 %6 32.3¢6 41.8 6

55.0%6

SEM

'Y
(£

NP
. o o o o

90714‘11

‘559 7‘6
[l X1 MmN ™m

82417845

Jgdggeq

02978903
ZrigRgsdd

96705242

9976108
4546-&?.

21.426 8.8¢6 34.326 2.5¢7 40.126

40.9%5

X ¢seM

ln..QIJooﬂJs

«.«o 92503

9 O mM L
«U-w/ "szn'l.

AN MOVES r4 ™M
o o 0 o 0 o o o
T OWO W
N M PN

OANDAOO A
e o ¢ o o o o o
MnAa~ANOYN M
AN I P

WNMMON T
e o o o o 0 o o
NP MM
O P

29.227 38.5t6 41.8%6 23.8¢6 34.0 26

6

49.9

Re

25ata cnavailsble
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THE EFFECT OF FEEDING EITHER EGG WHITE, SOY
AND NONFAT DAIRY PROTEIN IN MALE SUBJECTS ON PLASMA
LEVELS OF TRIGLYCERIDES AND VERY LOW DENSITY
LIPOPROTEINS (IIDER CONTROLLED CCONDITIONS

by
Mary Lou Price

(ABSTRACT)

Twenty-four male university students were fed vegetarian diets
containing 100 grams of protein. Seventy-five grams of protein
came either fram soy, non—-fat dairy products or egg white. Diets
were adjusted so that differences in total caloric intake, protein,
carbohydrate, fat and fatty acid camposition were minimal between
the dietary treatments. Plasma total triglyceride and very low
density lipoprotein-triglycerides were measured at the beginning,
weekly throughout the experimental period, and two weeks after
campletion of the study. No significant differences existed in
serum lipid values between treatment diets nor was any interaction
between diet and week observed. A significant week effect was
ocbserved indicating that subjects fed soy, non-fat dairy products
or egg whites responded in the same fashion to the diet fram week
to week. This relationship was true for both variables: serum
triglycerides and VLDL~triglycerides. Serum triglyceride concen-
trations for all treatment groups cambined at baseline were 79 mg/
100 ml, increasing to 82 mg/100 ml at week 1 and decreasing to
64 mg/100 ml at week two. An increase of 84 mg/100 ml was noted



at week three. Decreases were observed at week four, with serum
concentrations of 65 mg/100 ml. Fram week four to follow-up serum
triglyceride concentration rose to 83 mg/100 ml.

Similar trends were noted in serum VLDL~triglyceride levels
when mean concentration were combined for all treatment groups.
Serum VLDL~triglyceride concentrations at baseline were 48 mg/100
ml. At week one serum serum VIDL~triglyceride concentrations
remained unchanged with values of 40 mg/100 ml in both instances.
Decreases were observed at week 4 woth serum VIDL-triglyceride
oconcentrations increased to 38 mg/100 ml. The results indicate
that plasma triglycerides and VIDL~-triglycerides are influenced by
other dietary factors rather than by the protein source.
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