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Few studies have examined the association between specific sources of protein and blood lipids in
a national sample of adults. We examined this relationship in a sample of adults 20 years and
older who participated in phase 1 (1988-91) of the Third National Health and Nutrition
Examination Survey, a representative sample of the United States non-institutionalized popula-
tion. After excluding those participants who reported having been told they had high blood
cholesterol concentrations, the final sample size was 6228. Mean intakes of different sources of
proteins, as a percentage of total protein, were compared in quartiles of blood lipids. Intakes were
adjusted for age, sex and race. Additional adjustments were made for other dietary variables,
recall day, BMI, smoking, and income. We observed a lower percentage meat, fish and poultry
(MFP) protein intake, including a lower percentage of beef and pork protein, among persons in
the lowest quartile of serum total cholesterol and apolipoprotein B (ApoB) concentrations than
among persons in the higher quartiles. The percentage of plant protein intake was higher in the
lowest quartile than in the highest quartile of serum cholesterol. We also observed a higher
percentage of fruit protein intake with lower serum cholesterol and ApoB concentrations. We
conclude that in this cross-sectional sample, consumption of MFP proteins was consistently
higher among persons with higher cholesterol concentrations while consumption of plant proteins
was consistently higher among persons with lower cholesterol concentrations. Our findings
support the importance of assessing intake of specific protein sources, especially in studies that
address dietary intake in relation to blood lipids.

Dietary protein: Blood cholesterol: Apolipoprotein B: Epidemiology

The role of type of dietary protein, such as animal and plant  Although population studies on the effect of type of
proteins, in influencing blood lipids and hence the risk of protein on lipids are scarce, one ecological study of thirty
cardiovascular disease has received little attention in epi- countries showed a positive correlation between intake of
demiological studies. Yet the first indication that dietary animal protein and CHD in men aged 55-59 years and a
animal proteins such as those found in milk, eggs and meatnegative correlation with plant protein (Conner & Conner,
are hypercholesterolaemic came as early as 1909 from1972). Campbelkt al. (1990) and Campbell & Chen (1994)
Ignatowski (1908). He found that adult rabbits fed on a in a cross-sectional survey in China, found a positive
diet containing cholesterol and animal protein developed association between serum cholesterol and apolipoprotein
atherosclerosis. Early in the 1940s animal proteins were B (ApoB) levels and intakes of meat and animal protein,
shown to have a hypercholesterolaemic effect, independentwhereas intakes of legumes and plant protein were inversely
of dietary cholesterol and fat, whereas plant proteins led to aassociated.

hypocholesterolaemic effect (Meeker & Kesten, 1940, 1941).  In a study of a population of 27 529 Seventh-Day Adven-
Since that time, many investigators have shown that the typetists, the relative risk for CHD increased with increasing
of dietary protein influences lipid metabolism in animals frequency of meat consumption (Snowdon, 1988). A cross-
(Carroll, 1978; Beynen & West, 1987; Kritchevsley al. sectional study compared dietary intakes of a group of 167
1987) as well as in clinical studies of human subjects (Sirtori African American vegetarians (no consumption of animal
et al. 1977; Jacquest al. 1992; Potteret al. 1993; Bakhit flesh), semi-vegetarians (one to three servings of animal
et al 1994; Andersoret al. 1995; Jenkingt al. 1997). flesh per week), and non-vegetarians (daily consumption of

Abbreviations: ApoB, apolipoprotein B; MFP, meat, fish and poultry; NHANES IIl, Third National Health and Nutrition Examination Survey; USDA, US
Department of Agriculture
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animal flesh) (Melbyet al. 1994). The study showed lower improve response rate by allowing a high number of
serum cholesterol concentrations among vegetarians, higheexams on Saturdays.

concentrations among non-vegetarians, and intermediate The dietary interviewers used the dietary data collection
concentrations among semi-vegetarians. Saturated fatsystem, which is an automated standardized interactive
intake was also lower among the vegetarians and higherdietary interview and coding system. The system was
among non-vegetarians. specifically developed for NHANES lll by the University

Posneret al (1993) evaluated the cross-sectional rela- of Minnesota Nutrition Coordinating Center. Participants
tionship between diet and serum cholesterol level from the were asked to report all foods and beverages consumed,
Framingham Heart Study cohort that was limited to women. excluding plain drinking water, during the previous 24 h,
They found serum cholesterol to be inversely associatedfrom midnight to midnight. The food database for the
with intakes of both plant and animal protein. The associa- dietary data collection system was linked to the US Depart-
tion was stronger for plant protein. In a longitudinal study of ment of Agriculture’s (USDA) survey nutrition database
healthy young people (13-27 years old), a positive associa-with some foods being added to the database throughout
tion was found between animal protein consumption and NHANES lII.
serum cholesterol (Postt al. 1997). This relationship
disappeared after they adjusted for other dietary variables
including saturated fat.

Few epidemiological studies have looked at more specific For foods containing a single ingredient, protein source was
sources of animal and plant proteins. Currently available assigned. For foods containing more than a single ingredi-
nutrition analysis systems only compute total protein intake, ent, one of the following methods was used. Food codes
and do not separate the intake by protein source. This iswere linked to the USDA survey recipe file and the con-
mainly due to the difficulty in determining type of proteinin  tribution of each ingredient to total protein was determined.
mixed dishes or combination foods. The number of food Similarly, ingredients containing more than one ingredient
items is potentially large and the process to sort out protein themselves were also broken down into sub-ingredients. For
type is extensive. While some systems do include an animalexample: a ham sandwich may have the ingredients ham,
and/or plant protein variable, separation by more specific mayonnaise and bread. Sub-ingredients for mayonnaise and
protein types has not been available. bread were obtained and protein contributions were deter-

We have reported on specific sources of animal and plantmined for each sub-ingredient. For foods without an existing
proteins for the total US population and for sub-groups USDA recipe, ingredient and recipe information was
defined by race—ethnicity, age and sex (Setial. 1999). obtained from manufacturers, USDA, or the Food and
The purpose of the present study was to examine theDrug Administration; or a formulary was obtained from
relationship between intake of protein sources and concen-food product formulation information. For foods where no
trations of blood lipids in a representative sample of the recipe or formulary could be found, proportions of ingre-
civilian non-institutionalized adult population in the United dients were estimated according to the order on the food
States. label ingredient list and their contribution to selected known

nutrient values (Schakelt al. 1989; Westrichet al. 1994).

Protein source determinations

Methods

_ Blood lipid measurements
Study population

) ) . , Blood lipid concentrations were determined on frozen
The study population consisted of participants in phase 1 of gnecimens. Measurements were standardized to meet the
the Third National Health and Nutrition Examination centers for Disease Control and Prevention—National
Survey (NHANES lll). The study design is described in pHeart Lung and Blood Institute Lipid Standardization
detail in thePlan and Operation of the Third National  program guidelines (Myerst al. 1989). Serum total chol-
Health and Nut_rltllon Exammatlo_n SurvéMational Center esterol was analysed enzymically in the Johns Hopkins
for Health Statistics, 1994). Briefly, NHANES Il used a ynjversity Lipid Research Clinic Laboratory, using the
highly strat|f|ed multistage probability d_e3|gn_and employed method of Allain et al (1974) and the reagent mixture
over-sampling of the elderly, non-Hispanic blacks and g4y Boehringer Mannheim Diagnostics (Cholesterol/HP,
Mexican Americans. The survey consisted of two phases caalogue no. 816302; Boehringer Mannheim Diagnostics,
of equal length and similar sample size. Unbiased eSt'mateSIndianapolis, IN, USA). HDL-cholesterol was measured in
of health and nutrition characteristics can be made for eithersupernatant fractions following precipitation of ApoB-
phase 1 (1988-91) or phase 2 (1991-4). containing lipoproteins with heparin—MngCand removal
of excess Mn by precipitation with NaHGOTriacylgly-
cerols were analysed enzymically also using commercially
available reagents (A-gent Triacylglycerols Reagent Set;
One 24 h dietary recall was collected from each subject Abbott Laboratories, North Chicago, IL, USA: Triacylgly-
during the visit to the mobile examination centre. Dietary cerols/GPO; Boehringer Mannheim Diagnostics). LDL-
intake may differ by weekday, especially weekend days. To cholesterol was calculated using the formula of Friedewald
capture intake on all days of the week, the 24 h recalls wereet al. (1972) and was limited to those participants having
collected on every day of the week. Fridays had a higher fasted for at least 9h (National Cholesterol Education
proportion of recalls due to operational procedures to Program, 1993). Since the Friedewald equation is valid

Dietary intake assessment

ssa.d Ansseniun abpriquied Aq auljuo paysiiqnd £££10066St L LL000S/ZL0L 0L/BIo 10p//:sdny


https://doi.org/10.1017/S0007114599001373

Protein source influences blood cholesterol 195

only for individuals with a serum triacylglycerol value not Table 1. Demographic characteristics for the Third National Health
exceeding 816 mmol/l, participants with values exceeding and Nutrition Examination Survey, phase 1 study population (n 6228)
41516 mmol/l were excluded from the LDL analysis. ApoB Unweighted Weighted
was measured by three different methods, namely radial values values

immunodiffusion, rate immunonephelometry, and the

WHO-International Federation of Clinical Chemistry Se,\’jl (%)
- . en 51 48
method (Albers & Marcovina, 1989; Marcovinat al. Women 49 52
1991; Bachoriket al 1994). Results using the radial Age (%)
immunodiffusion and rate immunonephelometry methods 20-39 years 45 53
were adjusted to the WHO-International Federation of  40-59 years 26 28
Clinical Chemistry method. 60+ years 29 19
Race (%)
Non Hispanic white 42 76
Sample size Non Hispanic black 26 11
Mexican American 30 5
A sample of 11656 persons aged 20 years and older was Other 2 8
selected and asked to complete an extensive interview andramily income (%)
health examination. Of these, 9488 (81% of the sample lsfgso ghoa”$%%ggo ég é?
) . 0 _
persons) were interviewed, and 8213 (71 % of the sample $50000 or more 12 20

persons) were examined. The total sample for the dietary Education (%)

interview, exclud_mg_lncomplete and unre_IlabIe recalls was | ess than High School 43 26
7931 adults, which is 97 % of those participants that were  High School 29 34
examined and 68 % of the total persons sampled. For the More than High School 27 40

purpose of the present study, we excluded those participants
who reported having been told they had high blood choles-
terol concentrations, since they may have undergone vary-

ing degrees of lipid-lowering treatment. Participants with Total serum cholesterol

incomplete protein data were also excluded and the final _ o
sample size for all adults (aged 20 years and older) was T he percentages of energy from protein were similar in all

6228. LDL analysis was limited to those participants who duartiles of serum cholesterol (Table 2), while the percen-
had fasted for at least 9 h (2719 adults). tage of energy from carbohydrates was higher in quartile 1
than quartiles 2—4. The animal:plant protein ratio for

quartile 1 of serum cholesterol was lower than for the
Statistical analysis higher quartiles, particularly for quartile 3. However, this
difference did not reach statistical significance after further
adjustment for saturated fat [ for quartile 1; 31 for
quartile 4; results not shown). The percentage of animal
protein was lower in quartile 1 than quartiles 3 and 4. After
adjustment for saturated fat, the percentage of animal
rprotein remained lower in quartile 1 (@) than quartiles
3 (688) and 4 (6&), although this was only significant for
‘guartile 3. The percentage of the combined meat, fish and
poultry (MFP) protein was also lower in quartile 1 than
quartile 4, while the percentage of beef protein was lower in
both quartiles 1 and 2 compared with quartile 4. The
percentage of pork protein in quartile 1 was lower than
quartiles 2—4. After adjusting for saturated fat, the differ-
ences for MFP, beef and pork protein persisted (results not
shown). Although the age-, sex-, and race-adjusted percen-
tages of milk protein were not significantly different for
Table 1 shows the demographic characteristics of the the four quartiles, after additional adjustment for saturated
sample population, given as weighted and unweighted fat, the percentage milk protein in quartile 1 of serum
proportions. We examined mean intakes of dietary variables cholesterol was higher than in quartile 4 @2nd 111
by gquartiles of blood lipids. We ranked our population respectively).
according to blood lipid concentrations, and created the The percentage of plant protein in the diets of persons in
quartiles by dividing the sample into fourths, each fourth quartile 1 of serum cholesterol was higher than for quartiles
with a similar weighted sample size. Quartile 1 is the fourth 3 and 4, with intake in quatrtile 2 being higher than that in
of the sample population with the lowest blood lipid con- quartile 3. After adjusting for saturated fat, the differences
centrations, and quartile 4 is the fourth with the highest persisted, yet this time plant protein was significantly higher
blood lipid concentrations. Both the crude and age-, sex-, only for quartile 1 (38) than quartile 3 (3R). The
and race-adjusted values are shown in Table 2 for serumpercentage of protein from nuts was higher in quartile 1
cholesterol and in Table 3 for ApoB. than quartile 3, again with differences remaining after

Total and adjusted mean dietary intakes were calculated
using the Statistical Analysis Systems program (release
6.11, 1996; SAS Institute Inc., Cary, NC, USA). Sample
weights, provided by the National Center for Health Statis-
tics, were used to correct for differential selection probabil-
ities and to adjust for non-coverage and non-response. Fo
variance and quantile estimation, the balance repeated repli
cation method in the software package WesVarPC (Brick
et al 1997) was used. Statistical differences in adjusted
means were determined by two-sidédests also using
WesVarPC, and® values are reported at levels sf005
and=0[01.

Results
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Table 2. Daily dietary intake by quartiles (Q) of serum total cholesterol of adults 20 years of age and older who had never been told that their blood cholesterol was high: United States, 1988—91

(Mean values with their standard errors, and age-, sex- and race-adjusted mean values)

Quartile of serum total cholesterol

Q1 Q2 Q3 Q4
= 4129 mmol/l 4[3-498 mmol/l 4[99-5[B7 mmol/l = 5[68 mmol/l Adjusted mean
Mean SEM Mean SEM Mean SEM Mean SEM Q1 Q2 Q3 Q4
Total energy (kJ) 9510 247 9489 205 9142 172 8782 192 7786 8196 8088 8125
Protein (% energy) 1407 03 1501 o2 156 o2 1507 oa 1601 1603 166 168
Carbohydrate (% energy) 503 0B 4808 (o]r:) 47(8 04 488 03 521 500 49(4** 5001*
Fat (% energy) 3314 0B 343 03 344 0B 341 orR 316 32[B* 32[6* 3208
MUFA (% energy) 1214 oz 1207 o 1207 oz 1207 oa 117 1211 120 120
PUFA (% energy) 70 oz 72 oa 71 o 68 oa 609 70 68 66Tt
Saturated fat (% energy) 114 oR 117 oa 120 orR 1109 oa 104 108 110a* 1102
Dietary cholesterol (mg) 284 14 302 7 305 12 294 9 271 300* 307* 305* m
Dietary fibre (g) 162 02 168 03 1509 03 158 03 1638 170 162 1581t (/)
Animal : plant protein 20 oa 2B oa 30 oa 209 oa 20 28 3a* 30 3
Protein sources (%): @
Animal 658 0]k} 670 0B 6801 0B 6702 0B 653 668 68[2**t 6707** =
Meat 4007 n 423 0B 4209 0B 430 0B 4312 448 453 4602* ’
Beef 158 10 1512 0B 166 0B 178 o 138 140 156 1609*tt
Pork 60 0B 88 0B 81 0B 83 0B 83 10B** 9[8** 1003
Poultry 12[6 009 123 0B 1200 08 1107 08 1412 1307 1308 132
Fish 5@ 10 52 0B 58 o 501 0B 64 50 600 54
Egg 30 03 48 orR 48 03 43 orR 49 54 53 50
Dairy 213 009 2002 (0]1:) 207 (o] f 1907 (0]1: 172 166 174 1605
Milk 1201 0B 117 04 1218 0B 12 0B 122 116 1213 1009
Cheese 92 o 814 0B 70 0B 78 0B 49 49 501 50
Plant 342 0B 330 0B 3109 0B 328 0B 3401 332 31B8*t 32[3*
Vegetable 83 02 82 0B 78 orR 80 orR 90 8B 88 8B
Fruit I o 1® oa 15 oa 16 oa 22 20 18** 107**
Grain 1838 04 1709 04 1758 0B 180 03 178 167 1602* 167
Legumes, soyabeans, nuts and seeds 422 03 43 (0]kc] 30 oz 30 03 50 50 43 43
Nuts and seeds 22 03 21 (0]} I orR 109 03 17 10 10* 2

MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
Mean values were significantly different from those for Q1: * P< 005, ** P<0[01.
Mean values were significantly different from those for Q2: + P< 0[5, 1 P<0D01.
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Table 3. Daily dietary intake by quartiles (Q) of serum apolipoprotein B of adults 20 years of age and older who had never been told that their blood cholesterol was high: United States, 1988—91
(Mean values with their standard errors, and age-, sex- and race-adjusted mean values)

Quartile of apolipoprotein B

Q1 Q2 Q3 Q4
= 207 mmol/l 2[08-2[49 mmol/l 2[B0-205 mmol/l = 2096 mmol/l Adjusted mean
Mean SEM Mean SEM Mean SEM Mean SEM Q1 Q2 Q3 Q4
Total energy (kJ) 9171 255 9485 226 9410 172 8778 159 7837 8339 8247 7912t
Protein (% energy) 146 (0]] 1512 oz 154 oz 158 ol 1509 1604 164 166
Carbohydrate (% energy) 498 10 48[4 (0]1:) 483 (o]} 491 o]} 5007 498 499 503 -
Fat (% energy) 332 (0]1) 341 o4 348 o4 3401 03 314 323 329 323 3
MUFA (% energy) 123 03 126 (0]13 1207 (0]13 128 o 1107 120 120 120 T
PUFA (% energy) 70 (0]3 70 oz 70 o 68 on 609 68 68 66 =1
Saturated fat (% energy) 113 oz 118 oz 1212 oz 118 ol 103 100* 11[8**t 11M0* 4
Dietary cholesterol (mg) 284 11 294 13 306 9 298 10 282 297 305 303 c
Dietary fibre (g) 1509 04 162 o4 166 03 154 03 167 170 167 15B3** 1+ 3
Animal : plant protein 20 ol 28 oa 209 ol 209 o 28 209 209 30 =4
Protein source (%) S
Animal 658 10 6703 0B 6706 (0]1) 6704 0B 65[4 6702 6701 678 2
Meat 4009 12 4200 1 4211 0B 437 0B 4338 449 446 46[6*t ®
Beef 143 10 163 0B 158 o 1811 0B 133 154 143 173**t% g
Pork 71 (0]1:) 82 0B 87 (o]} 82 0B 87 909 1003** 99* 5}
Poultry 128 100 126 (o]wf 118 (0]1:) 116 (0]1:) 1309 1309 134 133 S
Fish 64 14 43 (o]wf 53 (0]1:) 52 0B 72 52 58 508 o
Egg 43 o4 40 o2 43 03 43 oz 5@ 48 53 50 3
Dairy 204 09 213 (o]wf 210 o 192 (0]1:) 163 178 178 160% g
Milk 1114 0B 1214 0B 125 (0]1:) 121 0B 1114 121 120 110 T
Cheese 90 o 89 (o] f 814 o4 70 (0]] 49 54 50 49 o
Plant 342 10 3200 0B 3214 (0]1:) 326 0B 348 328 323 322 -
Vegetables 83 (0]l 80 o2 80 oz 81 oz 89 86 8B 87
Fruit 17 oz 1® o 158 o 138 o 22 20 18* 107+t
Grain 190 (0]1:) 17a 08 1709 (o]} 17 04 1709 168 1606 1604*
Legumes, soyabeans, nuts and seeds 40 (o]} 422 03 309 oz 41 03 a7 49 44 48
Nuts and seeds 21 (0] 22 03 138 oz 138 o2 1® 18 13 12

MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

Mean values were significantly different from those for Q1: * P< 005, ** P<001.
Mean values were significantly different from those for Q2: t+ P< 005, t1 P<0M01.
Mean values were significantly different from those for Q3: ¥ P <0[05, £+ P<0[01.
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adjusting for saturated fat. The percentage of grain protein dairy protein was higher in quartile 3 than in quartile 1, yet
was higher in quartile 1 compared with quartile 3, however, quartiles 1 and 4 were similar. After adjusting for saturated
this difference did not reach statistical significance after fat, quartile 4 (18 %) was lower than quartile 2 (E8%)
adjusting for saturated fat (I& for quartile 1; 1@ for and, although not significantly, was also lower than quartiles
quartile 3). The percentage of fruit protein was higher in 1 (180 %) and 3 (18L %). The percentage of grain protein
quartile 1 than quartiles 3 and 4, regardless of saturated fatfor quartile 1 was higher than for quartile 4, while this
adjustment. Since we found the percentage of energy fromdifference did not reach statistical significance after adjust-
carbohydrate also to be higher in the lowest quartile than theing for saturated fat. The percentage of fruit protein was
higher quartiles for serum cholesterol, we adjusted the per-higher in quartile 1 than quartiles 3 and 4, with quartile 2
centage of fruit protein for percentage of energy from carbo- being higher than quartile 4. After adjusting for saturated
hydrate and found that the difference in fruit protein between fat, the percentage of fruit protein in quartile 4 remained
guartiles 1 and 4 persisted. We also adjusted the percentagéower than both quartiles 1 and 2 of ApoB. Again, we
of all protein sources for recall day, BMI, smoking, and adjusted the percentages of all protein sources for recall day,
income and found that the significant differences remained BMI, smoking, and income and found that the significant
(results not shown). differences persisted (results not shown).

Fig. 1 shows the percentage relative difference between Fig. 2 shows the percentage relative difference between
the reference quartile 1 and quartiles 2, 3 and 4 of serumthe reference quartile 1 and quartiles 2, 3 and 4 of serum
total cholesterol for selected protein sources. While the total cholesterol for selected protein sources. While the
absolute difference between the percentage beef protein inabsolute difference between the percentage beef protein in
quartiles 1 and 4 was[B% (Table 2), proportionally this  quartiles 1 and 4 was 4% (Table 3), proportionally this
reflects a 22 % difference between these quartiles. Similarly, reflects a 30 % difference between these quartiles. Similarly,
pork protein was 22% higher in quartile 4 relative to pork protein was 14 % higher in quartile 4 relative to
quartile 1, while fruit protein was 23 % lower in quartile 4 quartile 1, while grain protein was 8% lower and fruit
relative to quartile 1. protein 23 % lower in quartile 4 relative to quartile 1.

Apolipoprotein B Lipoproteins

The percentages of MFP and beef protein in quartile 4 were Our analysis for quartiles of LDL showed that the differences
higher than in quartiles 1-3 (Table 3), although this did not in protein sources between the quartiles were similar to those
reach statistical significance for quartile 2. These differ- for serum cholesterol, yet none reached statistical signifi-
ences remained after adjusting for saturated fat. The per-cance (results not shown). The lack of statistical significance
centage of pork protein was lower in quartile 1 than may have been due to aloss in power as a result of the smaller
quartiles 3 and 4, and not significantly lower than quartile sample size for LDL 1f 2719). We did observe a higher

2. After adjusting for saturated fat intake, the difference percentage of energy from protein for quartile 4 (LBt
remained significant for quartiles 1[1%6) and 3 (138 %), 38 mmol/l) compared with quartile 1 (LDE 233 mmol/l),

but not for quartile 4 (10 %) of ApoB. The percentage of 169 and 163 % respectively. We also observed a lower

% Relative difference

Quartiles of serum cholesterol

Fig. 1. Percentage relative difference between the reference quartile 1 and
quartiles 2, 3 and 4 of serum cholesterol for selected protein sources: (—), beef;
(= —=-), pork; (D)}, animal: plant protein; (-0}, grain; (- - -), fruit; (—[ED} nuts.
Values are age-, sex- and race-adjusted mean values for the phase 1 study
population from the Third National Health and Nutrition Examination Survey
(see Table 1). Serum cholesterol levels for the quartiles were: quartile 1,
= 429 mmol/l; quartile2,43-408 mmol/l;quartile3,4099-567 mmol/l;quartile4,
= 5[68 mmol/l.
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% Relative difference

Quartiles of apolipoprotein B

Fig. 2. Percentage relative difference between the reference quartile 1 and
quartiles 2, 3 and 4 of apolipoprotein B concentration for selected protein
sources: (—), beef; (- —-), pork; (I}, animal: plant protein; (—=-0} grain;
(---), fruit. Values are age-, sex- and race-adjusted mean values for the phase 1
study population from the Third National Health and Nutrition Examination
Survey (see Table 1). Apolipoprotein B levels for the quartiles were: quartile
1, =207 mmol/l; quartile 2, 208-2[49 mmol/l; quartile 3, 2[50-205 mmol/l;
quartile 4, =296 mmol/l.

percentage of energy from total fat in quartile 1{[BIhan (1997) who found a positive correlation between serum
in quartile 4 (381). Similarly, we found a higher percentage cholesterol and animal protein intake. Campbetl al
of saturated fat in quartiles 3 (1) and 4 (115) compared (1990) and Campbell & Chen (1994), in a cross-sectional
with quartile 1 (108) of LDL. survey in China, also found positive associations of serum
We analysed dietary intake according to quartiles of cholesterol and ApoB with meat and animal protein, and a
HDL and found that total energy intake was higher in negative association with plant protein. Likewise, our
quartile 4 of HDL (HDL =135 mmol/l) than in quartiles  results agree with those of Posredral. (1993) who found
1 (HDL =106 mmol/l) to 3 (HDL 129-154 mmol/l) an inverse association between serum cholesterol and plant
(7878, 8042, 7887, 8460kJ, quartiles 1—-4 respectively). protein intake. In contrast, they also found an inverse
The percentages of energy from protein, total fat, saturated,association with animal protein intake, although the asso-
polyunsaturated and monounsaturated fat were similar forciation for plant protein was stronger. This contrasting
all quartiles of HDL. The percentage of energy from finding may, in part, be due to differences in protein
carbohydrate, however, was lower in quartile 4 than quar- source determinations, since protein sources were not
tiles 1-3 (52, 51, 50, 48; quartiles 1—-4 respectively). For the broken down into specific animal and plant proteins. For
protein sources, the percentage of cheese protein in quartileexample, our results showed stronger differences for the
4 (62) was higher than in quartiles 1§ and 2 (48) for specific beef protein than for animal proteins combined.
HDL. The percentage of fruit protein was lower in quartile 1 The percentage of milk protein was not significantly
(1) than quartile 4 (B). Differences remained after different among quartiles of serum cholesterol. After adjust-
adjustments for recall day, BMI, smoking, income, physical ing for saturated fat intake, the percentage of milk protein in
activity and alcohol intake (results not shown). quartile 4 was lower than in quartile 1. This finding is
somewhat surprising, because clinical studies have shown
Discussion casein, a milk protein, to be hypercholesterolaemic (Sirtori
et al. 1977; Jacquest al. 1992; Potteret al. 1993; Bakhit
We found that in this nationally representative sample of US et al. 1994; Andersoret al. 1995; Jenkingt al. 1997). The
adults who had never been told they had high blood difference observed between our cross-sectional sample and
cholesterol, the percentages of animal protein intake, espe-controlled clinical studies may be that casein is usually
cially beef and pork protein, were higher among persons either the only source of dietary protein or a large proportion
with higher serum cholesterol concentrations than among of the total protein in clinical studies. In contrast, the milk
those in the lower quartiles of serum cholesterol (see Figs. 1protein in our study was a smaller proportion of the total
and 2). In contrast, consumption of plant protein, including protein intake.
nut, grain, and fruit protein, was higher among persons with  The most studied plant protein in relation to blood lipids
the lower concentrations of serum cholesterol than amongin clinical studies has been soyabean protein. However, the
persons with higher concentrations of serum cholesterol. total soyabean consumption in the US is very low and
Very few epidemiological studies have looked at animal inferences between soyabean protein intake and blood
and plant protein, even fewer have looked at specific protein lipids may not be appropriate in the present study. Mean
sources. Our results, however, agree with those of &t intake in our sample was only® (SE 0[04) % of the total
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protein, and we found no differences among quartiles of Anderson JW, Johnstone BM & Cook-Newell ME (1995) Meta-
blood lipids (results not shown). analysis of the effects of soy protein intake on serum ligtsy
Total and saturated fat intakes and protein sources are England Journal of Medicin@33 276-282.

correlated, and separating the effects of protein sources and?achorik PS, Lovejoy KL, Carroll MD, Johnson CL, Albers JJ &
fat is difficult. In an attempt to evaluate the impact of Marcovina SM (1994) Measurement of apolipoproteins A-1 and

. . - B during the National Health and Nutrition Examination Survey
saturated fat intake on the observed differences, we adjusted (NHANES I1l). Clinical Chemistry40, 1915—-1920.

the mean protein sources_for the percentage <_)f energy fromggynit RM., Klein BP, Essex-Sorlie D, Ham JO, Erdman JW &
saturated fat. We also adjusted for total fat, dietary choles-  potter SM (1994) Intake of 25 g of soybean protein fiber alters
terol and fibre and found that the differences observed for plasma lipids in men with elevated cholesterol concentrations.
MFP, pork, beef, and fruit protein remained significant  Journal of Nutrition124, 213-222.
(results not shown). However, adjustment may not allow Beynen AC & West CE (1987) Cholesterol metabolism in swine
for the determination of separate effects when variables are fed diets containing either casein or soybean protisnrnal of
strongly collinear (McGeeet al. 1984; Reedet al. 1985; the American Oil Chemists’ Socieby, 1178-1182.
Clayton & Hills, 1993). The most robust evidence for the Brick JM, Broene P, James P & Severynse J (1990ser's Guide
separate effects of protein and fat is best accomplished . 1@ WesVarPCRockville, MD: Westat Inc. . .
through controlled metabolic feeding studies. Although Campbell TC & Chen J (1994) Diet and chronic degenerative
ough . . g C g diseases: perspectives from ChiAmerican Journal of Clinical
epidemiological studies may not be able to show md_epe_n— Nutrition 59, 1153S—1161S.
dent' effect's, from a public h_ealth perspective, nutrition is campbell TC, Chen J, Liu C, Li J & Parpia B (1990) Nonassocia-
multifactorial. What we eat is a combination of various  tion of aflatoxin with primary liver cancer in a cross-sectional
related intakes. Exchanging animal-based foods with plant- ecological survey in the People’s Republic of Chigancer
based foods could simultaneously reduce saturated fat Researclb0, 6882-6893.
intake, increase plant protein, increase grains and fibre, Carroll KK (1978) Dietary protein in relation to plasma cholesterol
and increase fruit and vegetable consumption. levels and atherosclerosidutrition Reviews36, 1-5.
Using cross-sectional studies to examine disease relation-Clayton D & Hills M (1993) Statistical Models in Epidemiology

e ; New York, NY: Oxford University Press.
ships is not always ideal. They can, however, be very useful ' .
in examining intake patterns among quartiles of blood Conner WE & Conner SL (1972) The key role of nutritional factors

- L in the prevention of coronary heart dised3eeventive Medicine
lipids. The 24 h recall may also not reflect usual or indivi-  ; 49_%3. y

dual intake, but it can provide reasonable group estimatesrriedewald WT, Levy RI & Fredrickson DS (1972) Estimation of
(Karvetti & Knuts, 1985). The protein source determina-  the concentration of low density lipoprotein cholesterol in
tions depend heavily on nutrient and recipe databases. The plasma without the use of the preparative ultracentrifuge.
food marketplace is constantly changing and only limited  Clinical Chemistryl8, 499-502.
information is available about formulations of brand-name Ignatowski A (1908) Influence de la nourriture animale sur
products. Despite these limitations, we consider that our I'organisme des lapins (Influence of animal foods on the rabbit
data provide reasonable estimates of protein sources for the 0rganism)Archives Medecine Experimentale Anatomie Patho-
quartiles of blood lipids. | logiques20, 1-20. - .
acques H, Laurin D, Moorjani S, Steinke FH, Gagne C, Brun D &

We obgerved 'ghe Iower' percentages of MFP, beef and Lupien PJ (1992) Influence of diets containing cow’s milk or soy
pork protein conS|ste_ntIy with lower total serum cholesterol protein beverage on plasma lipids in children with familial
and ApoB concentrations among those adults who had never pypercholesterolemiaJournal of the American College of
been told they had high blood cholesterol. We also observed Nutrition 11, Suppl., 69S-73S.
a higher percentage of fruit protein consistently with lower Jenkins DJ, Popvich DG, Kendall CW, Vidgen E, Tarig N, Ransom
total serum cholesterol and ApoB levels. We cannot derive TP, Wolever TM, Vuksan V, Mehling CC, Boctor DL, Bolognesi
from these data any cause-and-effect relationship, nor can C,HuangJ & Patten R (1997) Effect of a diet high in vegetables,
we rule out that protein sources may be indicators of another fruit, and nuts on serum lipidsMetabolism: Clinical and
dietary component. The study does provide support for the  Experimentalis, 530-537.

: P e : KarvettiRL & Knuts LR (1985) Validity of the 24-hour dietary recall.
importance of assessing intake of specific protein sources, Journal of the American Dietetic Associati8b, 1437—1442.

especially in studies that address dietary intake in relation to Kritchevsky D, Tepper SA & Klurfeld DM (1987) Dietary protein

blood lipids. and atherosclerosislournal of the American Oil Chemists’
Society64, 1167-1171.
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