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Prospective study of major dietary patterns and risk of coronary

heart disease in men!-3
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ABSTRACT

Background: Previous studies on diet and coronary heart disease
(CHD) focused primarily on individual nutrients or foods.
Objective: We examined whether overall dietary patterns
derived from afood-frequency questionnaire (FFQ) predict risk
of CHD in men.

Design: This was a prospective cohort study of 44875 men
aged 40-75 y without diagnosed cardiovascular disease or can-
cer at baseline in 1986.

Results: During 8y of follow-up, we documented 1089 cases of
CHD (nonfatal myocardial infarction and fatal CHD). Using
factor analysis, we identified 2 major dietary patterns using
dietary data collected through a 131-item FFQ. The first factor,
which we labeled the “prudent pattern,” was characterized by
higher intake of vegetables, fruit, legumes, whole grains, fish,
and poultry, whereas the second factor, the “Western pattern,”
was characterized by higher intake of red meat, processed meat,
refined grains, sweets and dessert, French fries, and high-fat
dairy products. After adjustment for age and CHD risk factors,
the relative risks from the lowest to highest quintiles of the pru-
dent pattern score were 1.0, 0.87, 0.79, 0.75, and 0.70 (95% Cl:
0.56, 0.86; P for trend = 0.0009). In contrast, the relative risks
across increasing quintiles of the Western pattern score were
1.0, 1.21, 1.36, 1.40, and 1.64 (95% ClI: 1.24, 2.17; P for trend
< 0.0001). These associations persisted in subgroup analyses
according to cigarette smoking, body mass index, and parental
history of myocardial infarction.

Conclusions: These data suggest that major dietary patterns
derived from the FFQ predict risk of CHD, independent of other
lifestyle variables. Am J Clin Nutr 2000;72:912-21.

KEY WORDS Health Professional s Follow-up Study, food-
frequency questionnaire, coronary heart disease, dietary patterns, men

INTRODUCTION

Distinct eating patterns reflect different dietary traditions
worldwide, and they may be related to rates of coronary heart
disease (CHD) in different countries (1). Mediterranean and
Asian populations have very low rates of CHD compared with
Western populations. These low rates are attributed to high
intakes of vegetables, fruit, whole-grain products, and fish and
low intakes of red meat, high-fat dairy products, and other ani-
mal products in traditional Mediterranean and Asian diets. How-

ever, the differences in CHD rates among countries may also be
due to differences in other CHD risk factors, including physical
activity and obesity.

Many prospective cohort studies have examined the associa-
tions between intakes of individual nutrients or foods and risk of
CHD (2), but few have evaluated the relation of overall dietary
patterns to the risk. Conceptually, examination of overall dietary
patterns would more closely parallel the real world, where peo-
ple do not eat isolated nutrients but rather meals consisting of a
variety of foods with complex combinations of nutrients that
may be interactive or synergistic (3). Studies of individual foods
or nutrients can be difficult to interpret because of strong corre-
lations among them. In dietary pattern analyses, the collinearity
of nutrients or foods can be used to advantage because patterns
are characterized on the basis of habitual food use (4). In addi-
tion, dietary interventions may be easier to implement and may
be more comprehensive when initiated as a change in the overall
dietary pattern (5). In clinical studies, changesin dietary patterns
appeared to be more effective in lowering blood pressure than
was supplementation with single nutrients (6, 7). Finally, dietary
pattern analysis is potentially useful in making dietary recom-
mendations because overall dietary patterns might be easy for
the public to interpret or translate into diets (8).

A major difficulty in studying the relation between dietary
patterns and disease outcomes is that dietary patterns cannot be
measured directly. One commonly used statistical method for
quantifying dietary patterns is factor analysis. Factor analysisis
a multivariate technique (9, 10) that, in a dietary context, uses
information reported on food-frequency questionnaires (FFQSs)
(11-13) or in dietary records (14) to identify common underly-
ing factors (patterns) of food consumption. Recently, Slattery
et al (15) showed in a case-control study that eating patterns
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identified by factor analysis were significantly associated with
colon cancer risk, independent of other lifestyle variables. In a
previous study (16), we showed reasonable reproducibility and
validity of major dietary patterns defined by factor analysis
using food consumption data collected through an FFQ. In this
study, we attempted to evaluate whether these dietary patterns
predicted incidence of CHD during 8 y of follow-up in the
Health Professionals Follow-up Study (HPFS).

SUBJECTSAND METHODS

Subjects

The HPFS began in 1986 when 51529 US health profession-
als (dentists, optometrists, pharmacists, podiatrists, and veteri-
narians) aged 40-75 y answered a detailed questionnaire that
included a comprehensive diet survey and items on lifestyle
practice and medical history. Follow-up questionnaires were sent
in 1988, 1990, 1992, and 1994 to update information on poten-
tial risk factors and to identify new cases of cardiovascular and
other diseases. We excluded from the analysis men who did not
satisfy the a priori criteria of a reported daily energy intake
between 3.3 and 17.6 MJ (800 and 4200 kcal) or who left blank
>70 of a total of 131 food items on the diet questionnaire
(n = 1595). We also excluded men with a prior diagnosis of
myocardial infarction (MI), angina, coronary artery surgery,
stroke, transient ischemic attack, or peripheral arterial disease at
baseline (n = 5059). Thus, we followed 44875 men to determine
the incidence of CHD over the subsequent 8'y.

Endpoints

The endpoints were incident CHD (including nonfatal M| and
fatal CHD) occurring between the return of the baseline question-
naire and 31 January 1994. We inquired about the occurrence of
cardiovascular endpoints on each biennial questionnaire. Partici-
pants reporting an incident M1 were asked for their permission for
us to review their medical records. Nonfatal M| was confirmed by
using World Health Organization (WHO) criteria: symptoms plus
either typical electrocardiographic changes or increased activities
of cardiac enzymes (17). MIsthat required hospital admission and
for which confirmatory information was obtained by interview or
letter, but for which no medical records were available, were des-
ignated as probable. We included all confirmed and probable cases
in the analyses because results were the same after exclusion of
probable cases. The follow-up rate for nonfatal events was 97% of
the total potential person-years of follow-up.

Deaths were reported by next of kin, coworkers, or postal
authorities or were obtained from the National Death Index (18).
Using all sources combined, we estimated that follow-up for the
deaths was >98% complete. Fatal CHD was confirmed by med-
ical records or autopsy reports or if it was the underlying cause
on the death certificate and a diagnosis of CHD was confirmed
by other sources. Sudden death within 1 h of the onset of symp-
toms in men with no other plausible cause of death (other than
CHD) was also included.

Semiquantitative food-frequency questionnaire

The reproducibility and validity of the FFQ used in this study
was reported previously (19, 20). The FFQ includes 131 food
items with specified serving sizes that are described by using
natural portions (eg, 1 banana and 2 slices of pizza) or standard

weight and volume measures of the servings commonly con-
sumed in this study population. For each food item, participants
indicated their average frequency of consumption over the past
year in terms of the specified serving size by checking 1 of 9 fre-
guency categories ranging from “amost never” to “>6 times/d.”
The selected frequency category for each food item was con-
verted to a daily intake. For example, a response of “2—4 serv-
ings/wk” was converted to 0.43 servings/d (3 servings/wk).

Assessment of dietary patterns

The procedure for deriving dietary patterns by using food con-
sumption data from the FFQ was described in detail elsewhere
(16). Briefly, we first classified 131 food items in the FFQ into
40 predefined food groups (Table 1) to minimize within-person
variations in intakes of individual foods. Individual food items
were preserved if they constituted a distinct item on their own
(eg, eggs, butter, margarine, pizza, soup, coffee, and tea) or if
they were thought to represent a particular dietary pattern (eg,
garlic, liquor, wine, beer, and French fries). In secondary analy-
ses, we used all 131 food items to derive dietary patterns.

We conducted factor analysis (principal components) to derive
dietary patterns based on the 40 foods or food groups (10). The
factors were rotated by an orthogonal transformation (resulting in
uncorrelated factors) to achieve a simpler structure with greater
interpretability. In determining the number of factorsto retain, we
considered components with an eigenvalue > 1, the Scree test (9),
and the interpretability of the factors. We did not use the percent-
age of variance explained by each factor because this criterion
depends largely on the total nhumber of variables included in the
analyses (9). The factor score for each pattern was constructed by
summing observed intakes of the component food items weighted
by factor loadings (9). The analyses were conducted by using the
FACTOR PROCEDURE in SAS (21).

In asubsample of men (n = 127) in the HPFS (16), the 131-item
FFQ was administered twice with a 1-y interval, and two 1-wk diet
records were collected during that year. The factor analysis gener-
ated 2 major eating patterns. The first factor (the prudent pattern)
was characterized by a high intake of vegetables, fruit, legumes,
whole grains, fish, and poultry, whereas the second factor (the
Western pattern) was characterized by a high intake of processed
meat, red meat, butter, high-fat dairy products, eggs, and refined
grains. The reliability correlations for the factor scores between
the 2 FFQs were 0.70 for the prudent pattern and 0.67 for the
Western pattern. The correlations (corrected for week-to-week
variations in diet records) between the FFQ and the diet records
were 0.52 for the prudent pattern and 0.74 for the Western pattern.

Statistical analysis

Participants were followed from the time the 1986 question-
naire was returned until the occurrence of anonfatal M| or CHD
death, death, or 31 January 1994. Relative risks (RRs) were cal-
culated by dividing the incidence of CHD among men in the
highest quintile of dietary pattern scores by the incidence
among men in the lowest quintile of dietary pattern scores, with
adjustment for age (4044, 4549, 50-54, 55-59, 6064, 65-69,
and =70 y). To adjust for other risk factors, we used pooled
logistic regression with 2-y intervals (22), which is approxi-
mately equivalent to Cox regression for time-dependent covari-
ates when the event rate is rare. Multivariate models were
adjusted for total energy intake (quintiles), smoking status [never,
past, current (1-14, 15-24, and =25 cigarettes/d)], alcohol
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TABLE 1

HU ET AL

Food groupings used in the dietary pattern analysis

Foods or food groups

Food items

Processed meats

Red meats

Organ meats

Fish and other seafood

Poultry

Eggs

Butter

Margarine

Low-fat dairy products
High-fat dairy products

Liquor
Wine
Beer
Tea
Coffee
Fruit

Fruit juices

Cruciferous vegetables

Dark-yellow vegetables
Tomatoes
Green, leafy vegetables

Legumes
Other vegetables

Garlic
Potatoes
French fries
Whole grains

Cold breakfast cereal
Refined grains

Pizza

Snacks

Nuts

High-energy drinks

Low-energy drinks

Oil and vinegar
salad dressing
Mayonnaise and other
creamy salad dressings
Chowder or cream soup
Other soup
Sweets and desserts

Condiments

Processed mests, bacon, hot dogs

Beef, pork, lamb, hamburger

Beef, cdf, and pork liver; chicken and turkey liver

Canned tuna fish, dark-meat fish, other fish,
shrimp, lobster, scallops

Chicken or turkey with or without skin

Eggs

Butter

Margarine

Skim or low-fat milk, sherbet or ice milk, yogurt

Whole milk, cream, sour cream, ice cream,
cream cheese, other cheese

Liquor

Red wine, white wine

Beer

Tea

Coffee

Raisins or grapes, avocado, bananas,
cantaloupe, watermelon, fresh apples or
pears, oranges, grapefruit, strawberries,
blueberries, peaches, apricots, plums

Applejuice or cider, orange juice, grapefruit
juice, other fruit juice

Broccoli; coleslaw and uncooked cabbage;
cooked cabbage; cauliflower; Brussels sprouts;
kale, mustard, and chard greens; sauerkraut

Carrots, yellow (winter) squash, yams

Tomatoes, tomato juice, tomato sauce

Spinach, iceberg or head lettuce, romaine or
leaf lettuce

String beans, peas or lima beans, beans or
lentils, tofu or soybeans, alfalfa sprouts

Celery, mushrooms, green pepper, corn, mixed
vegetables, eggplant, summer squash

Garlic

Potatoes

French fries

Cooked oatmeal, other cooked breakfast cereal,
dark bread, brown rice, other grains, bran
added to food, wheat germ

Cold breakfast cereal

White bread, English muffins, bagels or ralls,
muffins or biscuits, white rice, pasta,
pancakes or waffles

Pizza

Potato chips or corn chips, crackers, popcorn

Peanuts, other nuts, peanut butter

Colawith sugar, other carbonated beverages
with sugar, fruit drinks

Low-energy cola, other low-energy carbonated
beverages

Oil and vinegar salad dressing

Mayonnaise and other creamy salad dressings

Chowder or cream soup

Home-made soup, ready-made soup

Chocolate bars or pieces, candy bars, cookies,
brownies, doughnuts, cake, pie, sweet rall,
coffee cake, pastry

Red chili sauce (dry or prepared), mustard,
pepper, soy or Worcestershire sauce, jam,
jelly, syrup, honey

consumption (04, 5-9, 10-14, 15-29, and =30 g/d), history of
hypertension, history of diabetes, history of high cholesterol,
parental history of M| before age 60 y, body mass index (quin-
tiles), current vitamin E supplement use, and physical activity in
metabolic equivalents per week (quintiles) (23).

RESULTS

We entered food consumption data for the 40 predefined food
groups into the factor analysis procedure. The Scree plot of eigen-
values indicated 2 major patterns and 1 minor pattern. Thus, we
extracted 3 factors in the final model. Factor-loading matrixes for
the 2 major factors are listed in Table 2. The larger the loading of
a given food item or group to the factor, the greater the contribu-
tion of that food item or group to a specific factor. The first factor
was loaded heavily with the following foods or food groups: veg-
etables, legumes, whole grains, fruit, fish, and poultry; the second
factor was loaded heavily with red meat, processed meat, refined
grains, sweets and dessert, French fries, and high-fat dairy prod-
ucts. The first factor explained 10.0% of the total variance and the
second factor explained 7.4% of the total variance. As with our
previous study (16), we labeled the first factor as the prudent pat-
tern and the second factor as the Western pattern. The third
(minor) factor, which explained 4.4% of the total variance, did not
appear to have a clear pattern of factor loadings, with a positive
loading for some foods (eg, 0.36 for coffee, 0.36 for wine, 0.35 for
liquor, 0.34 for beer, and 0.37 for garlic) and anegative loading for
others (eg, —0.47 for low-fat dairy products, —0.43 for cold
breakfast cereal, —0.31 for fruit, and —0.31 for whole-grain prod-
ucts). Our analyses did not suggest a significant association
between this pattern and risk of CHD (data not shown).

The 2 major patterns closely resembled those identified in a
validation study using data from two 1-wk diet records in a sub-
sample of the HPFS (16). When the whole cohort was randomly
divided into 2 groups, the 2 major patterns were similar for the
2 groups and closely resembled those for the overall sample. Par-
ticipants with a higher prudent pattern score were more likely to
take multivitamin and vitamin E supplements and to engage in
exercise, were less likely to smoke cigarettes, were slightly older
and leaner, and were more likely to have hypercholesterolemia
(Table 3). This cross-sectional relation probably reflects changes
in diet after a diagnosis of high cholesterol concentrations. Men
with a higher prudent pattern score also had higher intakes of
dietary folate, fiber, protein, and carbohydrate and lower intakes
of cholesterol, saturated fat, monounsaturated fat, and trans fat.
As expected, consumption of vegetables, fruit, fish, poultry, low-
fat dairy products, and whole-grain products was directly corre-
|ated with the prudent pattern score, whereas consumption of red
meat, processed meat, and sweets and dessert was inversely cor-
related with the prudent pattern score.

In contrast, men with a higher Western pattern score were
more likely to smoke and drink alcohol and less likely to take
multivitamin or vitamin E supplements and to exercise (Table 4).
These men also had higher intakes of cholesterol, saturated fat,
and monounsaturated fat and lower intakes of folate, fiber, pro-
tein, and carbohydrate. Consumption of red meat, processed
meat, eggs, butter, high-fat dairy products, refined grain, and
sweets and dessert was positively correlated with the Western
pattern score.

During 8 y of follow-up (311606 person-years), we docu-
mented 1089 incident cases of CHD (730 nonfatal MIs and
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TABLE 2

Factor-loading matrix for the major factors (diet patterns) identified by
using food consumption data from the food-frequency questionnaire used
in the Health Professional's Follow-up Study in 1986"

Factor 1 Factor 2
(prudent diet pattern) (Western diet pattern)

Food or food group

Other vegetables 0.75 —
Green, leafy vegetables 0.64 —
Dark-yellow vegetables 0.63 —
Cruciferous vegetables 0.63 —
Legumes 0.61 —
Fruit 0.57 —
Tomatoes 0.56 —
Fish 0.51 —
Garlic 0.42 —
Poultry 0.36 —
Whole grains 0.35 —
Red meat — 0.63
Processed meat — 0.59
Refined grains — 0.49
Sweets and desserts — 0.47
French fries — 0.46
High-fat dairy products — 0.45
Eggs — 0.39
High-sugar drinks — 0.38
Snacks — 0.37
Condiments — 0.36
Margarine — 0.34
Potatoes — 0.33
Butter — 0.31

1 Absolute values <0.30 were not listed in the table for simplicity. Foods
or food groups with factor loadings <0.30 for both factors were excluded.
2See Table 1 for food groupings.

359 fatal cases of CHD). After adjustment for age, a higher pru-
dent pattern score was strongly associated with a monotonic
lower risk of CHD (Table 5). The age-adjusted RRs across
increasing quintiles of prudent pattern score were 1.0, 0.84, 0.76,
0.71, and 0.66 (95% ClI: 0.54, 0.80; P for trend < 0.0001). Fur-
ther adjustment for smoking and other CHD risk factors did not
change the results materially. This inverse association was simi-
lar for fatal CHD; multivariate RRs across quintiles of prudent
pattern score were 1.0, 0.94, 0.78, 0.63, and 0.66 (95% CI: 0.46,
0.94; P for trend = 0.0003) and nonfatal MI. RRs after adjust-
ment for smoking, BMI, and other CHD risk factors were 1.0,
0.83, 0.78, 0.81, and 0.70 (95% CI: 0.54, 0.91; P for
trend = 0.03). The inverse association between the prudent pat-
tern score and total CHD was persistent among subgroups of cur-
rent smokers and nonsmokers, obese and nonobese individuals,
and those with and without a parental history of Ml (Figure 1).
In our analyses, intakes of fiber—especially cereal fiber
(24)—and folate (25) were inversely associated with risk of
CHD. To examine the degree to which the inverse association for
the prudent pattern was mediated by these beneficial nutrients,
we included dietary intakes of cereal fiber and folate in the mul-
tivariate model. Additional adjustment for these nutrients only
slightly attenuated the inverse association for the prudent pattern
score: the RR for the comparison of the highest with the lowest
quintile was 0.75 (95% CI: 0.59, 0.95; P for trend = 0.02).
After adjustment for age, a higher Western pattern score was
associated with a monotonic higher risk of CHD (Table 6). The
age-adjusted RRs across increasing quintiles of the Western pat-

tern scorewere 1.0, 1.21, 1.24, 1.24, and 1.45 (95% Cl: 1.19, 1.77;
P for trend < 0.0001). Further adjustment for smoking, alcohol
use, and other coronary risk factors slightly strengthened these
associations. The positive association appeared to be stronger for
fatal CHD: the RRs across quintiles of the score were 1.0, 1.63,
1.49, 1.50, and 2.15 (95% ClI: 1.34, 3.46; P for trend = 0.009) than
for nonfatal MI. Corresponding RRs of nonfatal MI were 1.0,
1.12, 1.30, 1.33, 1.46 (95% CI: 1.04, 2.05; P for trend = 0.0007).
The positive association between the Western diet pattern score
and total CHD persisted in subgroup analysis according to current
smoking, obesity, and parental history of MI (Figure 2). Addi-
tional adjustment for intakes of nutrients that were directly corre-
lated with this pattern, such as dietary cholesterol, saturated fat,
and trans fat, only dlightly attenuated these results: RRs across
quintiles of Western pattern score were 1.0, 1.21, 1.27, 1.27, and
1.43 (95% ClI: 1.01, 2.01; P for trend = 0.004).

In an additional analysis, we subdivided breakfast cereal into
whole and refined cereals using the criteria developed by Jacobs
et al (26). Specifically, breakfast cereals with =25% whole-grain
or bran content by weight were classified as whole-grain and the
rest were classified as refined-grain cereals. The associations
between the 2 major patterns and risk of CHD obtained from this
analysis were similar to those mentioned above. The multivariate
RR comparing extreme quintiles of the prudent pattern score was
0.72 (95% CI: 0.58, 0.89) and the corresponding RR for the
Western pattern was 1.62 (95% CI: 1.23, 2.15).

Although the 2 dietary pattern scores were statistically
independent through the orthogonal transformation procedure,
it is possible for one individual to have high or low scores on
the 2 patterns at the same time. We therefore examined CHD
risk according to joint classifications of Western pattern and
prudent pattern scores. In a multivariate analysis, the observed
associations for the 2 patterns appeared to be independent of
each other. Compared with those with the lowest score for the
prudent pattern and highest score for the Western pattern, the
RR of CHD for men in the highest category of the prudent pat-
tern compared with the lowest category of the Western pattern
was 0.50 (95% CI: 0.34, 0.74).

We conducted several sensitivity analyses to examine the
robustness of our findings. Use of the maximum likelihood rather
than the principal component method to extract initial factors or
an alternative algorithm [oblique rotation (producing correlated
factors) rather than orthogonal rotation (producing uncorrelated
factors)] to rotate factors yielded similar loadings for the 2 major
diet patterns. When the final factor solutions were limited to
2 rather than to 3 factors, the factor loadings for the 2 factors did
not change appreciably, and neither did the associations between
the factors scores and the risk of CHD. The multivariate RRs
across quintiles of the prudent pattern score were 1.0, 0.95, 0.78,
0.77, and 0.72 (95% ClI: 0.58, 0.89; P for trend = 0.0009). Cor-
responding RRs across quintiles of the Western pattern score
were 1.0, 1.15, 1.45, 1.30, and 1.61 (95% ClI: 1.24, 2.10; P for
trend < 0.0001). Finally, we derived dietary patterns based on
food consumption data from all 131 food itemsin the FFQ rather
than from the predefined food groups. The 2 major diet patterns
identified from this analysis were qualitatively similar to those
identified by using predefined food groups. Additionally, the
associations between the 2 major diet patterns and risk of CHD
did not materially change; the multivariate RRs across quintiles
of the prudent pattern score were 1.0, 0.99, 0.85, 0.78, and 0.76
(95% ClI: 0.62. 0.94; P for trend = 0.006). Corresponding RRs

9T0Z ‘/ aunr uo 1sanb Aq 610 uoniinu-uale woly papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

916 HU ET AL

TABLE 3

Age-standardized baseline characteristics according to quintiles of prudent pattern score in the Health Professionals Follow-up Study in 1986

Quintile of prudent diet score

1 (lowest) 2 3 4 5 (highest)
(n=8939) (n=9239) (n =9049) (n =9008) (n = 8640)
Subject characteristics (%)
Current smoker 16 11 9 7 6
Parental history of MI* 11 12 12 12 13
Multivitamin supplement use 38 39 41 44 48
Vitamin E supplement use 13 16 18 21 26
Diabetes 2 2 3 3 3
Hypertension 20 20 20 20 21
Hypercholesterolemia 8 9 10 12 13
Physical activity? 14 17 19 22 27
Age (y) 52+ 98 53+ 10 54+ 10 55+ 10 55+ 10
BMI (kg/m?) 26+ 3 26+33 25+3 25+3 25+3
Alcohol use (g/d) 11+ 16 12+15 12+ 15 12+ 15 12+ 15
Nutrient intakes (energy-adjusted)
Cholesteral (mg/d) 322 + 126 311+ 107 308 + 106 299 + 103 288 + 107
Saturated fat (g/d) 29+6 26+5 25+5 23+5 21+6
Monounsaturated fat (g/d) 31+6 29+5 27+5 26+5 24+6
Polyunsaturated fat (g/d) 13+3 13+3 13+3 13+3 14+4
Trans fat (g/d) 4+1 3+1 3+1 3+1 2+1
Dietary folate (.g/d) 282+ 94 326+ 95 354 + 109 381+ 102 439 + 123
Fiber (g/d) 15+5 18+5 205 23+6 28+8
Protein (g/d) 85+ 15 89+ 15 93+15 95+ 16 100 + 18
Carbohydrates (g/d) 223+ 43 228 + 40 232+ 39 238+ 41 249 + 45
Food intakes (servings/d)
Red meat 0.7+05 06+04 06+05 06+04 05+05
Processed mesat 05+05 04+04 04+04 03+04 03+04
Fish 02+0.2 03+0.2 04+02 04+0.3 06+05
Poultry 02+02 03+02 03+02 04+03 05+04
Eggs 04+05 03+04 03+04 03+04 03+04
Butter 03+0.7 03+0.7 03+0.7 0.3+0.6 0.3+0.6
Low-fat dairy products 0.7+09 08+1.0 09+1.0 10+11 10+11
High-fat dairy products 10+12 10+10 10+10 10+10 09+10
Fruit 09+0.7 14+08 17+10 22+12 31+20
Vegetables 13+05 20+ 06 26+07 34+08 54+21
Whole grain 05+0.7 0.8+09 11+11 13+13 17+17
Refined grain 12+11 11+11 11+10 11+10 11+10
Sweets and dessert 12+13 11+12 11+11 10+11 09+11

1MI, myocardial infarction.

2Measured as metabolic equivalent (MET). The MET value is the energy need per kilogram of body weight per hour of activity divided by the energy
need per kilogram of body weight per hour at rest. Because of the large sample size, tests for trends across quintiles of the pattern score were stetistically

significant for all variables.
3X + SD.

across quintiles of the Western pattern score were 1.0, 1.06, 1.20,
1.36, and 1.54 (95% ClI: 1.19, 2.01; P for trend = 0.0003).

DISCUSSION

With the use of dietary data from an FFQ, 2 mgjor dietary pat-
terns emerged by factor analysis. The first factor, the prudent pat-
tern, was characterized by high intakes of vegetables, fruit,
legumes, whole grains, fish, and poultry, whereas the second fac-
tor, the Western diet pattern, was characterized by high intakes of
red meat, processed mesat, refined grains, sweets and dessert,
French fries, and high-fat dairy products. During 8 y of follow-up,
we found that as prudent pattern score increased, the risk of CHD
decreased, even after adjustment for potential beneficial nutrients
such asfolate and cereal fiber. In contrast, as Western pattern score
increased, the risk of CHD increased, even after adjustment for

potential deleterious nutrients such as saturated fat, trans fat, and
cholesterol. These data suggest that the 2 major dietary patterns
derived from the FFQ predict the risk of CHD, independent of the
effects of several known beneficial or deleterious nutrients.

Our data are consistent with ecologic observations. Distinct
eating patterns reflecting different dietary traditions have
been related to disease rates in different countries (1). The
Mediterranean and Asian diets have attracted considerable
interest as alternatives to the Western diet because of the
extremely low rates of CHD in Greece and Japan. Compared
with the typical American diet, traditional Mediterranean and
Asian diets contain substantially more grains, legumes, veg-
etables, fruit, and fish and less red meat, high-fat dairy prod-
ucts, and other animal products. However, because many
other potential risk factors besides diet vary among countries,
one cannot confidently attribute differences in CHD rates to
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TABLE 4
Age-standardized baseline characteristics according to quintiles of Western diet score in the Health Professionals Follow-up Study in 1986
Quintile of Western diet score
1 (lowest) 2 3 4 5 (highest)
(n=8029) (n=9093) (n=9287) (n=9363) (n=9103)
Subject characteristics (%)
Current smoking 7 8 9 11 14
Parental history of MI* 13 12 12 12 11
Multivitamin supplement use 47 44 42 41 37
Vitamin E supplement use 25 21 19 16 14
Diabetes 2 2 3 2 3
Hypertension 22 21 20 20 19
Hypercholesterolemia 14 11 10 9 8
Physical activity? 23 21 19 19 17
Age (Y) 55+ 10° 54+ 10 54+ 10 53+ 10 53+9
BMI (kg/m?) 25+3 25+3 25+3 26+3 26+ 4
Alcohol use (g/d) 10+ 14 11+15 12+ 15 12+ 16 13+17
Nutrient intakes (energy-adjusted)
Cholesterol (mg/d) 273+ 101 295 + 103 305 £ 100 317 £ 112 335+ 126
Saturated fat (g/d) 20+6 24+6 25+6 26+5 28+6
Monounsaturated fat (g/d) 23+6 26+ 6 28+5 29+5 305
Polyunsaturated fat (g/d) 13+ 4 13+3 13+3 13+3 14+3
Trans fat (g/d) 2+1 3+1 3+1 3+1 3+1
Dietary folate (.g/d) 405 + 138 372+ 118 354 + 112 338 + 106 315+ 91
Fiber (g/d) 25+9 2+7 20+ 6 19+ 6 18+5
Protein (g/d) 96 + 19 93+ 17 92+ 16 91+ 15 90+ 15
Carbohydrates (g/d) 252 + 50 238 + 43 232+ 40 228 + 38 222 + 37
Food intakes (servings/d)
Red meat 02+02 04+03 06+03 08+04 1.0+£0.6
Processed meat 01+0.1 02+0.2 03+0.3 04+0.3 0.7+ 0.6
Fish 05+04 04+03 04+03 04+03 03+03
Poultry 04+03 0.3+03 03+03 0.3+03 03+03
Eggs 02+0.2 02+0.3 03+0.3 04+04 0.6+ 0.6
Butter 01+02 02+03 02+05 03+06 06+1.0
Low-fat dairy products 0.7+09 0.8+09 09+10 09+11 09+12
High-fat dairy products 05+04 0.7+ 0.6 09+08 11+10 17+15
Fruit 21+17 19+14 18+13 18+13 18+13
Vegetables 31+21 28+18 28+ 17 2916 30+17
Whole grain 10+12 10+12 10+12 11+12 12+14
Refined grain 06+05 0.8+ 0.6 1.0+08 13+10 19+14
Sweets and dessert 04+05 0.7+0.7 1.0+£0.9 13+12 19+17

1MI, myocardial infarction.

2Measured as metabolic equivalent (MET). The MET value is the energy need per kilogram of body weight per hour of activity divided by the energy
need per kilogram of body weight per hour at rest. Because of the large sample size, tests for trends across quintiles of the pattern score were stetistically

significant for all variables.
3X + SD.

distinct dietary patterns. Nevertheless, the overlap of the prudent
diet pattern identified by the factor analysis with the Mediter-
ranean and Asian diets increases our confidence that the factor
analysis identified meaningful patterns.

Relating dietary patterns to disease outcomes within a popula-
tion is relatively new in nutritional epidemiology. Limited data
suggest that overall dietary patterns assessed by various methods
are indeed associated with risk of diseases or mortality. Using
dietary data collected by a diet-history questionnaire, Slattery et
al (15) derived 2 major patterns that closely resembled ours: one
was a Western-type diet pattern characterized by a high intake of
red meat, processed meat, fast food, refined grains, and sugar-
containing foods; the second was the prudent diet pattern, char-
acterized by high intakes of vegetables and fruit, fish, and poultry.
The authors found that the prudent diet pattern was associated
with alower risk of colon cancer, whereas the Western-type diet

pattern was associated with an increased risk. In a study of elderly
rural Greeks (27), greater adherence to the traditional Mediter-
ranean dietary pattern (reflected by a composite score for intakes
of vegetables, fruit, legumes, ethanol, dairy products, cereal, and
monounsaturated rather than saturated fat) was significantly asso-
ciated with areduction in total mortality. Similarly, Huijbregts et
al (28) found that a dietary indicator of a healthy dietary pattern,
based on the World Health Organization’s guidelines for the pre-
vention of chronic diseases, was significantly associated with
reduced overall mortality in the Seven Countries Study. Using
cluster analysis, Farchi et al (29) identified 4 distinct dietary pat-
ternsin 2 Italian rural cohorts of the Seven Countries Study. After
20y of follow-up, they found the lowest risk of CHD in the clus-
ter with high vegetable oil consumption and the highest risk of
stroke in the cluster with high alcohol consumption. Using data
from the National Health and Nutrition Examination Survey
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TABLE 5
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Relative risks (95% Cls) of coronary heart disease according to quintiles of prudent pattern score!

Quintile of prudent pattern score

1 (lowest) 2 3 4 5 (highest) P for
(n = 246) (n=233) (n=214) (n=207) (n=189) trend
Person-years 62315 64266 62921 62429 59675
Age adjusted 10 0.84 (0.70, 1.00) 0.76 (0.63, 0.91) 0.71 (0.59, 0.86) 0.66 (0.54, 0.80) <0.0001
Multivariate 12 1.0 0.87 (0.73, 1.05) 0.79 (0.66, 0.96) 0.75 (0.62, 0.92) 0.70 (0.56, 0.86) 0.0009
Multivarite 23 1.0 0.90 (0.74, 1.08) 0.83 (0.68, 1.01) 0.79 (0.64, 0.98) 0.75 (0.59, 0.95) 0.02

In values are the number of CHD cases.
2Adjusted for age (40-44, 45-49, 50-54, 55-59, 6064, 65-69, and =70 y), BMI (quintiles), time period (four 2-y periods), cigarette smoking [never,
past, and current smoking (1-14, 15-24, and =25 cigarettes/d)], parental history of myocardia infarction before age 60, multivitamin and vitamin E sup-
plement use, alcohol consumption (04, 5-9, 10-14, 15-29, and =30 g/d), history of hypertension, physica activity (quintiles of metabolic equivalents),

total energy intake (quintiles), and profession.

3 Adjusted for the variables listed above and for dietary intakes of cereal fiber and folate.

Epidemiologic Follow-up Study, Kant et a found inverse associ-
ations between dietary diversity (a score counting the number of
food groups consumed daily: dairy, meat, grain, fruit, and veg-
etable) and subsequent overall mortality (30) and cause-specific
mortality (31). In addition, Slattery et al (32) found that diet
diversity in plant intake, but not in meat intake, was associated

with lower risk of colon cancer. However, the dietary diversity
score is a crude measure of dietary patterns because it does not
distinguish the effects of different types of foods.

In contrast with the traditional analytic approach used in
nutritional epidemiology, dietary pattern analysis considers
overall diet rather than individual nutrients or foods. This

Current smokers

Nonsmokers

BMI = 28

BMI < 29

1.5
24
4
Q1 Q2 Q3
1-
0.8
E 0.6+
0.4+
0.2
Q1 Q2 Q3
14
[+

Q1 Q2 Q3

Parental history of Mi

No parental history of Ml

Q4 Q5

Quintile of prudent pattern score

FIGURE 1. Multivariate relative risks (RRs) of coronary heart disease according to quintiles (Q1-Q5) of prudent pattern score by smoking status,
BMI, and parental history of myocardial infarction (MI). The models include all the nondietary covariates listed in Table 4 except the stratifying vari-
able. Note that the scale of the y axis for the smoking subgroups is different from that of the other 2 panels.

9T0Z ‘/ aunr uo 1sanb Aq 610 uoniinu-uale woly papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

DIETARY PATTERNS AND CHD 919

TABLE 6

Relative risks (95% Cls) of coronary heart disease according to quintiles of Western pattern score!

Quintile of Western pattern score

1 (lowest) 2 3 4 5 (highest) P for
(n=173) (n=226) (n=228) (n=223) (n=239) trend

Person-years 55476 63128 64355 65039 63337

Age adjusted 1.0 1.21(0.99, 1.48) 1.24 (1,02, 1.52) 1.24 (1.02, 1.52) 1.45 (1.19, 1.77) <0.0001

Multivariate 12 1.0 1.25 (1.02, 1.54) 1.36 (1.08, 1.70) 1.40 (1.10, 1.79) 1.64 (1.24, 2.17) <0.0001

Multivariate 23 1.0 1.21(0.98, 1.50) 1.27 (0.99, 1.63) 1.27 (0.99, 1.69) 1.43 (1.01, 2.01) 0.004

1n values are the number of CHD cases.
2Adjusted for age (40-44, 45-49, 50-54, 55-59, 6064, 65-69, and =70 y)

, BMI (quintiles), time period (four 2-y periods), cigarette smoking [never,

past, and current smoking (1-14, 15-24, and =25 cigarettes/d)], parental history of myocardial infarction before age 60 y, multivitamin and vitamin E sup-
plement use, alcohol consumption (04, 5-9, 10-14, 15-29, and =30 g/d), history of hypertension, physica activity (quintiles of metabolic equivalents),

total energy intake (quintiles), and profession.

3 Adjusted for the variables listed above and for dietary cholesterol, saturated fat, and trans fat.

approach would more closely paralel the real world, where
dietary intakes consist of nutrients that occur together in com-
mon foods. It can take into account complicated interactions
among nutrients and nonnutrient substances in studies of free-
living people. On the other hand, because there are many poten-
tial differences in nutrients between dietary patterns, this

approach cannot be specific about the particular nutrients
responsible for the observed differences in disease risk, and thus
it may not be very informative about biological relations between
dietary components and disease risk. However, our findings are
consistent with associations between intakes of nutrients and
foods identified in previous epidemiologic studies. In particular,

Current smokers

Nonsmokers

BM! > 29

BMI < 238

14
4
ey Q2 Q3 Q4 Qs
i
1.5+
g
0.5
Q1 Q2 Q3 Q4 Qs
4
1.5
1
[+ 4
4

Parental history of M|

No parental history of M

Q1 Q2 Q3 Q4 Q5

Quintile of Western pattern score

FIGURE 2. Multivariate relative risks (RRs) of coronary heart disease according to quintiles (Q1-Q5) of Western pattern score by smoking status,

BMI, and parental history of myocardial infarction (MI). The models include

all the nondietary covariates listed in Table 4 except the stratifying vari-

able. Note that the scale of the y axis for the smoking subgroups is different from that of the other 2 panels.
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higher consumption of fruit and vegetable (33), whole-grain
products (26, 34, 35), and fish (36—38) has been associated with
areduced risk of CHD. Intakes of nutrients that are directly cor-
related with the prudent diet pattern, including folate (25), vita-
min E (39-41), and fiber (24, 42, 43) are protective against
CHD. On the other hand, red meat consumption was associated
with increased CHD risk (44, 45). Intake of heme iron, primarily
from red meat, was significantly related to an increased risk of
M1 (46). Whole milk rather than skim milk consumption has
been associated with increased risk of CHD (34). Carbohydrate-
containing foods with a high glycemic index, such as white
bread and mashed potatoes, have been associated with an
increased risk of type 2 diabetes (47, 48) and CHD (49).

Statistical methods used to define dietary patterns such as fac-
tor analysis are somewhat subjective (50) because decisions on
the number of factors are usually based on empirical guidelines
rather than on an exact quantitative solution (9, 10). In deter-
mining the number of factors, we adhered to established empirical
guidelines as closely as possible. Meanwhile, multiple sensitiv-
ity analyses suggested the robustness of our findings on both the
derived major patterns and their relations with CHD. Addition-
aly, in our previous study (16), we showed reasonable repro-
ducibility over time and comparability between the FFQs and
diet records in characterizing dietary patterns in a subsample of
the HPFS. The same procedures for defining food groups and
deriving dietary patterns were used in this study.

A previous study (51) found that patients with hypercholes-
terolemia consuming a National Cholesterol Education Program
Step | diet containing primarily lean red meats or lean white meats
(poultry and fish) had similar reductions in LDL-cholesterol
cholesterol. It is possible that lean red meats and fat meats may
belong to different eating patterns and have different associa-
tions with risk of CHD. We were unable to separate lean red
meats from fat meats in the dietary pattern analysis because our
FFQ only asked about overall meat consumption. Nevertheless,
in our previous analysis of the Nurses' Health Study (52), over-
all red meat consumption was associated with a modest increase
in CHD risk, whereas white meat consumption was associated
with a lower risk. Substitution of white meat for red meat was
associated with significantly reduced risk of CHD.

Dietary patterns are likely to vary by sex, socioeconomic
status, ethnic group, and culture. Thus, it is necessary to repli-
cate the results of our study in other populations. Additionally,
because of changes in food preferences and food availability,
the meaning of dietary pattern could change over time. Finally,
the 2 major diet patterns derived from our data explained <20%
of total variance, suggesting the potential existence of other
patterns. In a previous study (15), the Western and prudent diet
patterns explained 19% of the variance in men and 15% of the
variance in women. However, the percentage of variance
explained by the factors should be interpreted with caution
because it depends heavily on the total number of variables
used in the factor analysis (9).

In conclusion, our data suggest that 2 dietary patterns derived
from food consumption data assessed by the FFQ significantly
predict the incidence of CHD, independent of other lifestyle
variables. This study provided strong evidence that adiet highin
vegetables, fruit, legumes, whole grains, fish, and poultry and
low in red meat, processed meat, high-fat dairy products, and
refined grains may reduce the risk of CHD. Our findings may
provide practical guidance for nutrition intervention and educa-

tion because overall patterns of dietary intake might be easy for
the public to interpret or translate into diets.
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