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Dietary protein and risk of ischemic heart disease in women'-3
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and Walter C Willett

ABSTRACT

Background: Ingestion of animal protein raises serum choles-
terol in some experimental models but not in others, and eco-
logic studies have suggested a positive association between
animal protein intake and risk of ischemic heart disease.
Prospective data on the relation of protein intake to risk of
ischemic heart disease are sparse.

Objective: The objective was to examine the relation between
protein intake and risk of ischemic heart disease.

Design: The study was a prospective cohort study.

Results: We examined the association between dietary protein
intake and incidence of ischemic heart disease in a cohort of
80082 women aged 34-59 y and without a previous diagnosis of
ischemic heart disease, stroke, cancer, hypercholesterolemia, or
diabetes in 1980. Intakes of protein and other nutrients were
assessed with validated dietary questionnaires. We documented
939 major instances of ischemic heart disease during 14 y of fol-
low-up. After age, smoking, total energy intake, percentages of
energy from specific types of fat, and other ischemic heart dis-
ease risk factors were controlled for, high protein intakes were
associated with a low risk of ischemic heart disease; when
extreme quintiles of total protein intake were compared, the rel-
ative risk was 0.74 (95% CI: 0.59, 0.94). Both animal and veg-
etable proteins contributed to the lower risk. This inverse associ-
ation was similar in women with low- or high-fat diets.
Conclusions: Our data do not support the hypothesis that a high
protein intake increases the risk of ischemic heart disease. In
contrast, our findings suggest that replacing carbohydrates with
protein may be associated with a lower risk of ischemic heart
disease. Because a high dietary protein intake is often accompa-
nied by increases in saturated fat and cholesterol intakes, applica-
tion of these findings to public dietary advice should be cautious.
Am J Clin Nutr 1999;70:221—7.
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INTRODUCTION

Experimental studies in rabbits and rats suggest that choles-
terol-free, purified diets containing proteins of animal rather than
vegetable origin are hypercholesterolemic and atherogenic (1).
However, this cholesterol-raising effect was not observed in other
species of animals (eg, pigs) or humans (2, 3). On the contrary,
exchange of animal protein for carbohydrates in human diets

significantly reduced LDL-cholesterol and triacylglycerol con-
centrations and increased HDL-cholesterol concentrations (4).

Epidemiologic data on the association between dietary protein
and risk of ischemic heart disease are sparse. In ecologic studies,
animal protein consumption was directly correlated (r = 0.78)
and vegetable protein consumption was inversely correlated
(r = —0.40) with ischemic heart disease mortality rates (5). How-
ever, these correlations are highly likely to be confounded by
other aspects of diet, especially saturated fat intake and lifestyle
factors. Previous prospective cohort studies focused largely on
dietary fat intakes and only a few examined the association with
protein intake (6-11). Most analyses of the association between
protein intakes and ischemic heart disease risk are difficult to
interpret because they only involved simple comparisons of
means between cases and noncases. Although a significant posi-
tive association with protein intake was seen in one study (11), it
was not adjusted for intake of specific types of fat.

In 1980 we used a validated, self-administered food-fre-
guency questionnaire to assess dietary protein intake and other
nutrients in the Nurses' Health Study (12). During the follow-up
period, multiple assessments of dietary factors were made. In
this report, we examined the intake of total protein as well as
protein of animal, vegetable, and plant origin in relation to the
incidence of ischemic heart disease during 14 y of follow-up.

SUBJECTSAND METHODS

Subjects

The Nurses' Health Study cohort was established in 1976
when 121700 female registered nurses aged 30-55 y and
residing in 11 large US states provided detailed information
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about their medical history and lifestyle characteristics (12).
The protocol was in accordance with the ethical guidelines of
Brigham and Women’s Hospital.

Food-frequency questionnaires

Every 2y, follow-up questionnaires have been sent to update
information on potential risk factors and to identify newly diag-
nosed cases of ischemic heart disease and other diseases. In
1980, a 61-item food-frequency questionnaire was included to
assess intake of specific fats and other nutrients. In 1984, the
food-frequency questionnaire was expanded to include 116 items.
Similar questionnaires were used in 1986 and 1990 to update
diet. The primary change in the revised questionnaire was to cre-
ate individual questions from groups of nutritionally similar
foods that had been collapsed into single items on the more com-
pressed original questionnaire. The reproducibility and validity
of the food-frequency questionnaires were described in detail
elsewhere (13, 14). Pearson correlation coefficients between
energy-adjusted protein intakes assessed by the 61- and 116-item
food-frequency questionnaires compared with the four 1-wk diet
records were 0.44 and 0.52, respectively, in validation studies
performed in samples of the main study. The correlation for
energy-adjusted protein intakes assessed by the 2 questionnaires
administered 4 y apart was 0.53. In this cohort, the correlations
for protein intake expressed as a percentage of energy were 0.47
between 1980 and 1984, 0.54 between 1984 and 1986, and 0.47
between 1986 and 1990.

To calculate intakes of protein and other nutrients, a com-
monly used unit or portion size for each food (eg, one egg or one
slice of bread) was specified and the participants were asked how
often on average during the previous year they had consumed
that amount. Nine responses were possible, ranging from
“never” to “six or more times per day.” The intake of nutrients
was computed by multiplying the frequency of consumption of
each unit of food by the nutrient content of the specified por-
tions. Composition values for protein and other nutrients were
obtained from US Department of Agriculture sources (15).

After up to 4 mailings, 98462 women returned the 1980 diet
questionnaire. We excluded those women who left 210 items
blank, those with implausibly high or low scores for total food
intake or energy intake [ie, <2094 kJ (500 kcal) or >14650 kJ
(3500 kcal)/d], and those with previously diagnosed cancer, angina,
myocardia infarction, stroke, or other cardiovascular diseases.
Women reporting diabetes or high serum cholesterol concentra-
tions were excluded because these disorders are associated with the
risk of ischemic heart disease and aso could have caused the
women to change their diets. The final 1980 baseline population
consisted of 80082 women. On average, >90% of the women
responded to the biennial questionnaires (12) and =80% responded
to each of the dietary questionnaires during the follow-up periods.

Ascertainment of endpoint

The primary endpoint for this study was nonfatal myocardial
infarction or fatal ischemic heart disease occurring after return of
the 1980 questionnaire but before 1 June 1994. We sought to
review medical records for al such reports. Records were
reviewed by the study physicians with no knowledge of the self-
reported risk factor status of the women. Myocardial infarction
was confirmed by using World Health Organization criteria (16):
symptoms plus either diagnostic electrocardiographic changes or
elevated cardiac enzymes. Women with infarctions who required

hospital admission and for whom confirmatory information was
obtained by interview or letter, but for whom no medical records
were available, were designated as probable cases (17%). We
included all confirmed and probable cases in our analyses because
results were the same after probable cases were excluded.

Deaths were identified from state vital records and the
National Death Index or reported by next of kin and the postal
system. Follow-up for the deaths was >98% complete (17). Fatal
ischemic heart disease was defined as fatal myocardial infarction
if it was confirmed by hospital records or autopsy, if it was listed
as the cause of death on the death certificate, if it was the under-
lying and most plausible cause of death, or if evidence of previ-
ous ischemic heart disease was available.

Data analysis

Person-years were calculated for each participant from the date
of return of the 1980 questionnaire to the date of first ischemic
heart disease event, death, or 1 June 1994. Women were divided
into quintiles according to the percentage of energy from proteinin
their diet. Incidence rates were calculated by dividing the number
of events by person-years of follow-up in each quintile. The rela-
tive risk (RR) was computed as the rate in a specific category of
protein intake divided by that in the lowest quintile, with adjust-
ment for 5-y age categories. In multivariate nutrient density mod-
els (18), we simultaneously included intakes of total energy,
percentages of energy from specific types of fat (saturated,
monounsaturated, polyunsaturated, and trans fats), and other
potential confounding variables so that the effects of protein intake
were compared with those of carbohydrates. We evaluated the
nature of the relation between protein intake and risk of ischemic
heart disease by comparing a model with alinear term only and an
alternative model including a linear and a quadratic term; the lat-
ter model had a better fit (likelihood ratio test: x?= 6.7, df = 1,
P < 0.05). Thus, in our main analyses, we treated protein intake as
a categorical variable (quintiles) to capture potential nonlinear
effects. In addition, we evaluated potentia interactions between
protein intake and fat or fiber intake by stratifying the analyses
according to low-fat, high-fat, or fiber intake (by using median val-
ues as cutoff points). We tested the significance of the interaction
using the likelihood ratio test by comparing a model with both the
main effects of protein and the stratifying variable and the interac-
tion terms with areduced model with only the main effects. Pooled
logistic regression with 2-y follow-up increments was used for all
multivariate analyses (19).

TABLE 1
Pearson correlation coefficients between intakes of protein and fats (% of
energy), carbohydrates (% of energy), and fiber at baseline

Total Animal Vegetable

protein protein protein

intake intake intake
Total fat 0.08 0.16 -0.34
Saturated fat 0.12 0.24 -0.47
Monounsaturated fat 0.10 0.19 —-0.34
Polyunsaturated fat -0.12 -0.19 0.27
trans Fat -0.21 -0.17 -0.11
Carbohydrates —0.40 —0.48 0.36
Fibert 0.07 -0.11 0.62

IFiber intake was energy-adjusted by using the regression method
described in reference 17.
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TABLE 2
Distribution of potential age-adjusted ischemic heart disease risk factors among median quintiles of total protein intake (% of total energy) in 1980
Quintiles of total protein intake
1 2 3 4 5
(14.7%) (17.1%) (18.8%) (20.6%) (24.0%)
Subject characteristics
Current smokers (%) 34.2 28.8 274 26.8 25.0
History of hypertension (%) 13.3 13.3 134 14.3 15.8
Parental myocardial infarction before age 65y (%) 194 19.5 194 20.0 214
Postmenopausal women taking hormones (%) 14.8 17.1 16.7 16.7 16.5
Regular exercise (%) 384 43.0 45.6 48.3 50.8
Multivitamin use (%) 29.5 320 33.7 34.8 38.6
Vitamin E supplement use (%) 9.8 111 12.7 13.6 15.8
Current aspirin use (%) 47.8 46.7 455 46.7 45.8
Age (y) 453+ 7.11 456+7.1 458+ 7.1 46.0+7.2 462+ 7.1
Alcohoal (g/d) 101+ 151 6.9+ 10.6 6.1+9.1 53+8.0 41+6.6
Body mass index (kg/m?) 238+43 239+42 240+4.2 244+43 253145
Nutrient intakes
Carbohydrates (% of energy) 453+9.2 405+7.6 378178 359+81 34.3+89
Total fat (% of energy) 359+73 39.2+6.8 404 +7.2 408+ 7.8 38.7+89
Saturated fat (% of energy) 141+ 34 156+ 3.2 16.2+ 3.3 16.6 £ 35 159+45
Monounsaturated fat (% of energy) 143+ 32 16.0+ 3.2 16.8+ 3.5 170+ 39 16.0+ 4.4
Polyunsaturated fat (% of energy) 55+19 54+16 53+15 52+14 49+14
trans Fat (g/d) 23+08 24+0.7 23+0.7 2.2 + 0.66 19+ 06
Cholesterol (mg-MJ*-d™%) 164 + 56 194 + 58 211+ 64 230+ 72 269 + 97
Folate (.g/d) 320 £ 244 345 + 257 359 + 264 372+ 279 422 + 318
Fiber (g/d) 13.4+50 135+ 45 134+ 45 135+46 142+51
Food intakes (servings-MJ 1-d~%)
Red meat? 0.62 +0.28 0.73+0.30 0.78+ 0.32 0.80+0.34 0.72+0.38
White meat® 0.16 + 0.08 0.19+0.10 0.23+0.12 0.30+ 0.15 0.57+0.31
Dark bread 0.40 + 0.55 0.46 + 0.57 0.49 £ 0.57 0.51 + 0.55 0.53 + 0.57
White bread 0.69+0.72 0.60 + 0.67 049+ 0.57 040+ 0.54 0.31+0.48
Rice or pasta 0.14+0.16 0.15+0.15 0.15+0.14 0.15+0.15 0.13+0.14
Potatoes 0.22+0.20 0.22+0.19 0.20+0.18 0.19+0.17 0.14+0.16
Sweets and desserts* 0.86+ 0.84 0.63+0.58 0.50 + 0.47 0.41 + 0.40 0.29+0.34
Fruit and vegetables® 242 +1.38 254+ 1.22 2.63+1.22 275+ 1.23 319+ 143
X £ SD.

2A composite score of beef, pork, or lamb as a main dish; beef as a sandwich or mixed dish; hamburger; hot dog; processed meat; and bacon.

3A composite score of fish and chicken.

4A composite score of chocolate, candy without chocolate, homemade pie, and ready-made pie, cake, and cookies.

5A composite score of 6 fruit and 11 vegetable foods.

To reduce within-subject variation and best represent long-term
diet, we used repeated measures of diet in the analyses (20). In
particular, the incidence of ischemic heart disease was related to
the cumulative average of protein intake from al available ques-
tionnaires up to the start of each 2-y follow-up interval in a pooled
logistic model. For example, ischemic heart disease incidence dur-
ing the 1980-1984 time period was related to the protein intake
from the 1980 questionnaire and ischemic heart disease incidence
during the 19841986 time period was related to the average
intake from the available 1980 and 1984 questionnaires. Because
changes in diet after development of intermediate endpoints such
as angina, hypercholesterolemia, and diabetes may confound diet-
disease associations (21), we stopped updating the diet at the
beginning of the time interval during which individuals developed
those intermediate endpoints. Most covariates were updated bien-
nially, including age (5-y category), time period (7 periods), body
mass index (5 categories), cigarette smoking (never, past, and cur-
rent smoking of 1-14, 15-24, and =25 cigarettes/d), menopausal
status (premenopausal, postmenopausal without hormone replace-
ment, postmenopausal with past hormone replacement, and post-

menopausal with current hormone replacement), parental history
of myocardial infarction before 65 y of age, multivitamin use,
vitamin E supplement use, and alcohol consumption (0, 04,
5-14, and =15 g/d). Aspirin use (nonuser, 1-6/wk, >7/wk, and
dose unknown) was assessed in 1980, 1982, 1984, and 1988. Reg-
ular vigorous exercise (=1 time/wk) was assessed in 1980.

RESULTS

During 1057269 person-years of follow-up from 1980 to
1994, we documented 658 nonfatal myocardial infarctions and
281 deaths from ischemic heart disease. The mean intakes in
1980, expressed as a percentage of total energy, were 19.1% for
total protein, 15.5% for animal protein, and 3.6% for vegetable
protein. On the basis of the assessment of the average diet in
1984, the largest contributors (as a percentage of absolute intake)
to the overall intake of animal protein were beef as a main dish
(20%), chicken (15%), fish (13%), skim milk (10%), and cheese
(10%). The largest contributors to the overall intake of vegetable
protein were dark bread (8%), white bread (7%), and cold cereal
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(5%). Intakes of animal and vegetable proteins were inversely
correlated (r = —0.31). Protein intake was slightly correlated
with intakes of total fat and specific types of fat and modestly
correlated with intake of carbohydrates (Table 1). Vegetabl e pro-
tein was positively correlated with fiber intake, whereas animal
protein intake was negatively correlated with fiber intake.

Median protein intakes ranged from 14.7% of energy in the
lowest quintile to 24.0% of energy in the top quintile (Table 2).
Participants with higher protein intake were less likely to smoke
and drink alcohol and more likely to exerciseregularly aswell as
to take multivitamin and vitamin E supplements than were those
with lower protein intakes. Those with higher protein intakes
also tended to consume more total fat, saturated fat, cholesterol,
folate, and less carbohydrate. In terms of foods, they tended to
consume more meats, dark bread, and fruit and vegetables, and
less white bread, potatoes, and sweets and desserts.

After adjustment for age, a higher intake of total protein was
associated with alower risk of ischemic heart disease (Table 3).
The RR was 0.75 (95% CI: 0.61, 0.92) when extreme quintiles of
total protein intake were compared. This inverse association
became dlightly stronger after adjustment for smoking and
dietary cholesterol and fiber intakes, which are other known risk
factors; the RR for the highest compared with the lowest quin-
tiles was 0.72 (95% CI: 0.57, 0.91). Additional adjustment for
saturated fat, monounsaturated fat, polyunsaturated fat, and trans
fat did not ater the RRs, although the Cls became wider. We
conducted alternative analyses using protein intake assessed at
baseline only and obtained slightly attenuated result; the RR for

TABLE 3

the highest compared with the lowest quintiles was 0.80 (95%
Cl: 0.64, 1.02).

Weaker and nonsignificant inverse associations between protein
intake and risk of total ischemic heart disease were observed for
both animal and vegetable protein intakes when examined sepa-
rately (Table 3). After adjustment for age, other known risk fac-
tors, intake of specific types of fats, and vegetable protein intake,
the RR was 0.84 (95% ClI: 0.65, 1.07) when extreme quintiles of
animal protein intake were compared. The comparable estimate
for vegetable protein intake was 0.89 (95% ClI: 0.68, 1.18).

To examine potential interactions between dietary protein and
fat intakes, we conducted analyses stratified by low and high fat
intakes using median values as cutoff points (Table 4). The
apparent inverse association for the top quintile of protein intake
did not differ appreciably among women with low and with high
total or saturated fat intakes. There was some suggestion that the
inverse association may have been stronger among women with
higher intakes of polyunsaturated fats, trans fats, and fiber. How-
ever, interactions were far from being significant. In addition, the
inverse association was persistent across categories of smoking,
alcohol drinking, multivitamin use, and regular exercise.

DISCUSSION

In this prospective study, we found that a high protein intake was
not associated with an increased risk of ischemic heart disease, but
rather it had a modest association with decreased risk. Thisinverse
association could not be explained by other dietary and lifestyle

Relative risks (RR) of ischemic heart disease and 95% Cls according to quintiles of protein intake®

Quintiles of total protein intake

1 2 3 4 5
Total protein intake
Median (% of energy) 14.7 17.1 18.8 20.6 24.0
Number of cases 211 184 182 193 169
Person-years 211420 218846 215949 209797 201258
Age-adjusted RR 1.0 0.82 0.81 0.86 0.75 (0.61, 0.92)
Multivariate RR® 1.0 0.86 0.84 0.91 0.72 (0.57,0.91)
Additional adjustment for specific fats* 1.0 0.86 0.84 0.92 0.74 (0.59, 0.95)
Animal protein intake
Median (% of energy) 116 133 15.2 17.2 20.6
Number of cases 195 197 174 201 172
Age-adjusted RR 1.0 0.97 0.85 0.99 0.84 (0.68, 1.03)
Multivariate RR 1.0 1.01 0.92 0.87 0.86 (0.68, 1.09)
Additional adjustment for specific fats 10 1.01 0.91 0.85 0.85 (0.67, 1.09)
Further adjustment for vegetable protein 1.0 1.00 0.90 0.84 0.84 (0.65, 1.07)
Vegetable protein intake
Median (% of energy) 24 3.0 35 41 5.0
Number of cases 219 197 187 173 163
Age-adjusted RR 1.0 0.87 0.81 0.77 0.74 (0.60, 0.90)
Multivariate RR 1.0 0.95 0.95 0.85 0.84 (0.66, 1.08)
Additional adjustment for specific fats 1.0 0.98 1.00 0.92 0.94 (0.71, 1.23)
Further adjustment for animal protein 1.0 0.96 0.97 0.89 0.89 (0.68, 1.18)

1Values were computed as the cumulative updated average (see Methods).

295% Clsin parentheses.

3Models include the following: age (5-y category), time period (7 periods), body mass index (5 categories), cigarette smoking (never, past, and current
smoking of 1-14, 15-24, and =25 cigarettes/d), menopausal status (premenopausal, postmenopausal without hormone replacement, postmenopausal with
past hormone replacement, and postmenopausal with current hormone replacement), parental history of myocardial infarction before 65 y of age, multiple
vitamin use, vitamin E supplement use, alcohol consumption (4 categories), history of hypertension, aspirin use (nonuser, 1-6/wk, =7/wk, and dose
unknown), vigorous exercise =1 time/wk; total energy intake, dietary cholesterol intake (quintiles), and dietary fiber intake (quintiles).

“4Includes saturated fat, monounsaturated fat, polyunsaturated fat, and trans fat (all in quintiles).
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TABLE 4

Multivariate relative risks (RR) of ischemic heart disease and 95% Cls for each quintile (median percentages of energy) of protein intake according to

dietary and nondietary characteristics

Quintiles of total protein intake

1 2 3 4 5
(14.7%) (17.1%) (18.8%) (20.6%) (24.0%)
Dietary variables®

Total fat

Low (33% of energy) 10 0.90 0.72 0.97 0.76 (0.55, 1.06)

High (42% of energy) 1.0 0.83 0.92 0.90 0.72 (0.52, 1.01)
Saturated fat

Low (12% of energy) 10 0.92 0.87 0.97 0.77 (0.56, 1.04)

High (17% of energy) 1.0 0.83 0.85 0.95 0.78 (0.53, 1.15)
Polyunsaturated fat

Low (5% of energy) 10 0.75 0.86 1.00 0.88 (0.62, 1.24)

High (7% of energy) 1.0 0.92 0.83 0.87 0.67 (0.48, 0.93)
Monounsaturated fat

Low (13% of energy) 10 0.87 0.86 0.92 0.74 (0.55, 0.99)

High (17% of energy) 1.0 0.94 0.90 1.05 0.88(0.57, 1.37)
trans Fat

Low (2% of energy) 10 0.75 0.80 1.00 0.87 (0.57, 1.37)

High (3% of energy) 1.0 0.95 0.88 0.88 0.67 (0.48, 0.94)
Fiber

Low (10 g/d) 10 0.84 0.92 1.03 0.80 (0.57, 1.38)

High (16 g/d) 1.0 0.91 0.76 0.83 0.69 (0.49, 0.98)

Nondietary variables

Current smoking

No 1.0 0.71 0.73 0.85 0.67 (0.49, 0.93)

Yes 1.0 1.04 0.99 1.03 0.87 (0.61, 1.24)
Current acohol drinking

No 1.0 0.87 0.86 0.94 0.65 (0.43, 0.99)

Yes 1.0 0.91 0.86 0.86 0.77 (0.54, 1.10)
Multivitamin use

No 1.0 0.85 0.75 0.91 0.71 (0.53, 0.93)

Yes 1.0 0.88 1.10 0.90 0.85(0.53, 1.35)
Regular exercise (=1 time/wk)

No 1.0 0.81 0.92 0.93 0.72 (0.53, 0.98)

Yes 1.0 0.94 0.67 0.88 0.78 (0.52, 1.16)

1RRs adjusted for the same covariates as in Table 3 (including specific types of fat), except for the stratifying variable used to divide the subjects into

the “low” or “high” groups.
295% Clsin parentheses.
3Values in parentheses are medians and were used as cutoff points.

variables for which we had information. Both animal and vegetable
protein intakes contributed to the inverse association.

Protein intake in our cohort was relatively high compared with
the general population (22). In ecologic studies (5), those coun-
tries with low rates of ischemic heart disease tend to have low
protein intakes. However, this result should be interpreted with
caution because these countries also have low intakes of saturated
fat and cholesterol and high intakes of fiber. In some animal stud-
ies, high protein intakes raise serum cholesterol concentrations
(1). However, metabolic studies have suggested either neutral (3)
or beneficial effects (4) of animal protein on serum cholesterol
concentrations in humans. Our findings strongly reject the
hypothesis that a high protein intake, including animal protein, is
associated with an increased risk of ischemic heart disease. On
the contrary, our results suggest that a diet with a relatively high
protein and low carbohydrate content may reduce the risk. These
results are consistent with results of controlled feeding studies
that suggest improvements in plasma lipid profiles when carbo-
hydrates are replaced with proteins. In a crossover study (23),

subjects with moderate hypercholesterolemia were randomly
assigned to either a high-protein (23% of energy), low-carbohy-
drate (53% of energy) diet or a low-protein (11% of energy),
high-carbohydrate (65% of energy) diet for 4-5 wk. Intakes of
dietary fat, cholesterol, and fiber were kept constant. The main
sources of protein were turkey, cottage cheese, beef, fish, and
ham. Replacement of carbohydrate with protein significantly
reduced LDL-cholesterol (by 6.4%) and triacylglycerol (by 23%)
concentrations and increased HDL -cholesterol concentrations (by
12%). Favorable effects on plasma lipids of replacing carbohy-
drates with protein were also observed among subjects with
familial hypercholesterolemia (24) and normolipidemia (25).

It is known that low-fat, high-carbohydrate diets reduce LDL
concentrations when saturated or trans fats are replaced with car-
bohydrates, but these diets also reduce HDL concentrations and
raise fasting triacylglycerol concentrations (26). However, the
observed apparent benefit of replacing carbohydrate with protein
cannot be attributed simply to displacement of carbohydrate in
the diet because LDL-cholesterol concentrations also decreased
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in metabolic studies (4). A high-protein diet may decrease tri-
acylglycerol secretion by hepatocytes (27). Rats fed a protein-
deficient diet (8% of energy) had slight hypercholesterolemia and
increased activity of liver hydroxymethylglutaryl-CoA reductase
compared with controls (16% casein diet) (28). These rats aso
showed increased susceptibility of lipoprotein to peroxidation. In
addition, dietary arginine is a precursor of nitric oxide, which is
an endothelium-derived relaxing factor (29) and can induce vas-
cular smooth muscle relaxation and inhibit platelet adhesion and
aggregation. Furthermore, high consumption of dietary protein
has been inversely associated with blood pressure in several
observational studies and animal experiments (30).

Although some animal studies suggested a hypercholes-
terolemic effect of animal protein relative to that of vegetable
protein (31), we observed no differential effect of animal com-
pared with vegetable protein intakes on the risk of ischemic
heart disease. Most animal studies used rabbits; experiments
that used other species such as pigs yielded discrepant results
(32). Recently, a meta-analysis of 38 controlled feeding studies
in humans suggested that replacement of animal protein with
soy protein significantly decreased total and LDL-cholesterol
concentrations (33). Because soy protein, the usual experimen-
tal source of vegetable protein, is not commonly consumed in
the United States, we were not able to examine the effect of this
specific protein. However, tofu or soybean consumption
(reported in 1984) was nonsignificantly associated with alower
risk of ischemic heart disease between 1984 and 1994. The
multivariate RR for those who ate tofu or soybean =1 time/mo
compared with those who never ate it was 0.79 (95% CI: 0.54,
1.17), but in this cohort only 8% of participants reported this
modest level of consumption.

Many null findings for diet-ischemic heart disease relations
have been attributed to wide intraindividual variation in diet (18).
In the present study we used repeated measures of protein intake
instead of a single measurement in the analyses to reduce meas-
urement error resulting from intraindividual variation. In addi-
tion, by updating dietary intake during follow-up, we accounted
for changes in eating behavior and food composition over time.

Although we assessed and adjusted for a multitude of poten-
tial confounding variables, we cannot rule out the possibility of
residual confounding, especially because the observed inverse
association in our study was modest and only significant
among women in the highest quintile of protein intake. It is
possible that the inverse association was due to some unmea-
sured variable, such as socioeconomic status. However, because
the population we studied is relatively homogeneous in terms
of education and occupation, confounding by socioeconomic
status was likely to be small relative to that in the general pop-
ulation. In addition, the study was restricted to women without
cardiovascular disease; therefore, the findings might not apply
to women with ischemic heart disease.

In conclusion, our results do not support the hypothesis that a
high protein intake is associated with increased risk of ischemic
heart disease. Our findings suggest that given the same intake of
total energy and dietary fat, an increase in the percentage of
energy from protein relative to carbohydrates is associated with
a decreased risk. This result is consistent with evidence from
metabolic studies that replacement of dietary carbohydrate with
protein has a favorable effect on plasma lipoprotein and lipid
concentrations. Because an increase in protein intake from ani-
mal products such as meats, dairy products, and eggs is often

accompanied by increases in intakes of saturated fat and choles-
terol and possible adverse effects on renal disease and osteo-
porosis (22), dietary advice to improve public health on the basis
of these findings should be made with caution.

We are indebted to the participants in the Nurses' Health Study for their
continuing outstanding level of cooperation and to Al Wing, Mark Shneyder,
Gary Chase, Karen Corsano, Lisa Dunn, Barbara Egan, Lori Ward, and Jill
Arnold for their unfailing help.

REFERENCES

1. Kritchesky D. Atherosclerosis: dietary factors other than the usual
lipids: introduction. Fed Proc 1982;41:2790-1.

2. Connor WE, Hodges RE, Bleiler RE. Effect of dietary cholesterol
upon serum lipids in man. J Lab Clin Med 1961;57:331-42.

3. Luhman CM, Beitz DC. Dietary protein and blood cholesterol
homeostasis. In: Liepa GU, ed. Dietary proteins: how they alleviate
disease and promote better health. Champaign, IL: American Oil
Chemists’ Society, 1992:57-76.

4. Wolfe BM. Potential role of raising dietary protein intake for reduc-
ing risk of atherosclerosis. Can J Cardiol 1995;11(suppl):127G-31G.

5. Connor WE, Cerqueira MT, Connor R, Wallace RB, Malinow MR,
Casdorph HR. The plasma lipids, lipoproteins, and diet of the
Tarahumara Indians of Mexico. Am J Clin Nutr 1978;31:1131-42.

6. Esrey KL, Joseph L, Grover SA. Relationship between dietary
intake and coronary heart disease mortality: Lipid Research Clinics
prevalence follow-up study. J Clin Epidemiol 1996;2:211-6.

7. Fehily AM, Yarnell WG, Sweetnam PM, Elwood PC. Diet and inci-
dent ischaemic heart disease: the Caerphilly Study. Br J Nutr
1993;69:303-14.

8. Gordon T, Kagan A, Garcia-Palmieri M, et al. Diet and its relation
to coronary heart disease and death in three populations. Circulation
1981,63:500-15.

9. Kromhout D, de Lezenne Coulander C. Diet, prevalence and 10-
year mortality from coronary heart disease in 871 middle-aged men:
the Zutphen Study. Am J Epidemiol 1984;119:733-41.

10. Kushi LH, Lew RA, Stare FJ, et a. Diet and 20-year mortality from
coronary heart disease: the Ireland-Boston Diet-Heart Study. N Engl
JMed 1985;312:811-8.

11. McGee DL, Reed DM, Yano K, Kagan A, Tillotson J. Ten-year inci-
dence of coronary heart disease in the Honolulu Heart Program:
relationship to nutrient intake. Am J Epidemiol 1984;119:667—76.

12. Colditz GA, Manson JE, Hankinson SE. The Nurses’ Health Study:
20-year contribution to the understanding of health among women.
JWomen’s Health 1997;6:49-62.

13. Willett WC, Sampson L, Stampfer MJ, et a. Reproducibility and
validity of a semiquantitative food frequency questionnaire. Am J
Epidemiol 1985;122:51-65.

14. Willett WC, Sampson L, Browne ML, et a. The use of a self-admin-
istered questionnaire to assess diet four yearsin the past. Am J Epi-
demiol 1988;127:188-99.

15. US Department of Agriculture. Composition of foods—raw, processed,
and prepared, 1963-1991. Agricultural handbook no. 8-1 to 8-21.
Washington, DC: US Government Printing Office, 1992.

16. Rose GA, Blackburn H. Cardiovascular survey methods. World
Health Organ Monogr Ser 1982;58.

17. Stampfer MJ, Willett WC, Speizer FE, et al. Test of the National
Death Index. Am J Epidemiol 1984;119:837-9.

18. Willett WC. Nutritional epidemiology. 2nd ed. New York: Oxford
University Press, 1998.

19. D’Agostino RB, Lee M-L, Belanger AJ, Cupples LA, Anderson K,
Kannel WB. Relation of pooled logistic regression to time depend-
ent Cox regression analysis: the Framingham Heart Study. Stat Med
1990;9:1501-15.

20. Hu FB, Stampfer MJ, Manson JE, et al. Dietary fat intake and risk of
coronary heart disease in women. N Engl J Med 1997;337:1491-9.

9T0Z ‘TE AeN uo 1sanb Aq 610 uonuinu-uafe wolj papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

21.

22.

23.

24.

25.

26.

27.

PROTEIN INTAKES AND ISCHEMIC HEART DISEASE 227

Shekelle RB, Stamler J, Paul O, Shryock AM, Liu S, Lepper M.
Dietary lipids and serum cholesterol level: changein diet confounds
the cross-sectional association. Am J Epidemiol 1982;115:506—14.

Committee on Diet and Health NRC. Diet and health: implications
for reducing chronic disease risk. Washington, DC: National Acad-
emy of Sciences, 1989.

Wolfe BM, Giovannetti PM. Short-term effects of substituting pro-
tein for carbohydrate in the diets of moderately hypercholes-
terolemic human subjects. Metabolism 1991;40:338-43.

Wolfe BM, Giovannetti PM. High protein diet complements resin
therapy of familial hypercholesterolemia. Clin Invest Med 1992;15:
349-59.

Wolfe BM, Piche L. Exchanging dietary protein for carbohydrate in
normolipidemic human subjects lowers LDL-C. Atherosclerosis
1994;109: 71(abstr).

Mensink RP, Katan MB. Effect of dietary fatty acids on serum lipids
and lipoproteins: a meta-analysis of 27 trials. Arterioscler Thromb
1992;12:911-9.

Kalopissis A-D, Griffaton G, Fau D. Inhibition of hepatic very-low

28.

29.

30.

31.

32.

33.

density lipoprotein secretion in obese Zucker rats adapted to a high-
protein diet. Metabolism 1995;55:19-29.

Moundra C, Demigne C, Morand C, Levrat M-A, Remesy C. Lipid
metabolism and lipoprotein susceptibility to peroxidation are affected
by a protein-deficient diet in the rat. Nutr Res 1996;17:125-35.
Palmer RMJ, Ashton DS, Moncada S. Vascular endothelial cells
synthesize nitric oxide from arginine. Nature 1988;333:664—6.
Obarzanek E, Velletri PA, Cutler JA. Dietary protein and blood pres-
sure. JAMA 1996;275:1598-603.

Carroll KK. Dietary protein and cardiovascular disease. In: Bazan
NG, Paoletti R, lacono JM, eds. New trends in nutrition, lipid
research, and cardiovascular diseases. New York: Alan R Liss, Inc,
1981:167-77.

Larson MR, Donovan SM, Potter SM. Effects of dietary protein
source on cholesterol metabolism in neonatal pigs. Nutr Res
1996;16:1563-74.

Anderson JW, Johnstone BM, Cook-Newell ME. Meta-analysis of
the effects of soy protein intake on serum lipids. N Engl J Med
1995;333:276-82.

9T0Z ‘TE AeN uo 1sanb Aq 610 uonuinu-uafe wolj papeojumoq


http://ajcn.nutrition.org/

