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ABSTRACT

Background: Recently, the analysis of dietary patterns has emerged
as a possible approach to examining diet-disease relations.
Objective: We examined the reproducibility and validity of
dietary patterns defined by factor analysis using dietary data col-
lected with a food-frequency questionnaire (FFQ).

Design: We enrolled a subsample of men (n = 127) from the
Health Professionals Follow-up Study in a diet-validation study
in 1986. A 131-item FFQ was administered twice, 1y apart, and
two 1-wk diet records and blood samples were collected during
this 1-y interval.

Results: Using factor analysis, we identified 2 major eating pat-
terns, which were qualitatively similar across the 2 FFQs and the
diet records. The first factor, the prudent dietary pattern, was
characterized by a high intake of vegetables, fruit, legumes,
whole grains, and fish and other seafood, 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 variation in diet records) between the 2 FFQs and
diet records ranged from 0.45 to 0.74 for the 2 patterns. In addi-
tion, the correlations between the factor scores and nutrient
intakes and plasma concentrations of biomarkers were in the
expected direction.

Conclusions. These dataindicate reasonable reproducibility and
validity of the major dietary patterns defined by factor analysis
with data from an FFQ. Am J Clin Nutr 1999;69:243-9.

KEY WORDS Diet, dietary pattern, factor analysis, bio-
marker, reproducibility, validity, men, Health Professionals Fol-
low-up Study, food-frequency questionnaire

INTRODUCTION

Traditional analyses in nutritional epidemiology typically
examine diseases in relation to a single or a few nutrients or
foods. However, people do not eat isolated nutrients. Instead,
they eat meals consisting of a variety of foods with complex
combinations of nutrients. The single-nutrient approach may be
inadequate for taking into account complicated interactions
among nutrients in studies of free-living people (eg, enhanced

iron absorption in the presence of vitamin C) (1). Also, the high
level of intercorrelation among some nutrients (such as potas-
sium and magnesium) makes it difficult to examine their effects
separately (2). Moreover, because nutrient intakes are commonly
associated with certain dietary patterns (3, 4), single-nutrient
analysis may be confounded by the effect of dietary patterns (5).

To overcome these limitations, several authors recently pro-
posed to study overall dietary patterns by considering how foods
and nutrients are consumed in combination (4, 6-13). In a
dietary pattern analysis, the collinearity of nutrients and foods
can be used to advantage because patterns are characterized on
the basis of habitual food consumption. Examination of dietary
patterns would more closely parallel real-world conditions,
under which dietary intakes consist of nutrients that occur
together in common foods (14).

Although the concept of studying dietary patterns has elicited
considerable interest, no study has been conducted to examine
the reproducibility and validity of these methods. We studied the
reproducibility and validity of dietary patterns defined by factor
analysis using dietary data collected with afood-frequency ques-
tionnaire (FFQ) and diet records among participants in the
Health Professionals Follow-up Study, who were enrolled in a
nutrient validation study in 1986.

SUBJECTSAND METHODS

Study population

Men in this study were participants in the Health Professionals
Follow-up Study, a prospective study of risk factors for cancer and
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heart disease among 51529 men aged 40-75y at baseline in 1986
(15). Cohort members completed a mailed self-administered FFQ
at baseline. During the following year, a random sample of 323
cohort membersliving in the Boston area were asked to participate
in a dietary assessment validation study and provided blood sam-
ples; 157 men agreed to participate. We excluded men who had
left >70 items blank on the FFQ, who reported atotal daily energy
intake outside the range of 3.3-17.6 MJ (800—4200 kcal) on either
of the 2 questionnaires, or who did not provide a blood sample. A
total of 127 men were included in the analyses.

Dietary assessment

The participants completed the same FFQ twice, 1 y apart
(FFQ1 and FFQ2). The reproducibility and validity of nutrient
and food intake measurements from the FFQ used in this study
were described in detail elsewhere (16, 17). The FFQ includes
131 food items with specified serving sizes described by using
natural portions (eg, 1 banana, 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/wk”
was converted to 0.43 servings/d (3 servings/wk).

Participants also completed two 1-wk diet records =~6—7 mo
apart. The first week’s record began =3 mo after administration
of FFQ1 and the second week’s record began 2-3 mo before
administration of FFQ2. Each subject was given a dietetic scale
and was trained by the study dietitian to weigh and record all
food consumed. The study dietitian reviewed the returned diet
records and resolved questions or discrepancies with the partici-
pant. Foods reported in the diet records were coded by using the
CBORD DIET ANALYZER SYSTEM (version 3.0.3, 1998; The
CBORD Group, Ithaca, NY). Mixed dishes reported on the
records that were not included in the CBORD system were coded
by their component ingredients as described by the participant.

To obtain daily food intake measurements from the diet records
that were comparable with those from the FFQs, an attempt was
made to match each of the 1565 unique diet-record food codes to
one or more items on the questionnaire. A total of 963 diet-record
food codes were matched to a single food item on the question-
naire; multiple codes were frequently matched to the same ques-
tionnaire food item. For example, the diet-record codes for “avo-
cado, whole” and “avocado, mashed” were the only 2 codes that
were matched to the avocado food item on the questionnaire,
whereas 56 diet-record codes for various brands of breakfast cere-
alswere all matched to the same questionnaire item for cold break-
fast cereal. For 254 diet-record foods that could not be matched to
a single food item on the questionnaire, recipes were created and
ingredients were assigned to separate food items. The remaining
348 diet-record foods (eg, asparagus, gravy, and clams) that did not
match any of the questionnaire items were eliminated, usualy
because they were not consumed frequently in this population.

Food groupings

Because of the small humber of subjects (n = 127) relative to
the number of food items, we collapsed the individual food items
into 40 predefined food groups (Table 1). The grouping scheme
was based on the similarity of nutrient profiles or culinary usage

among the foods and was somewhat similar to that used in other
studies (13). Note that other criteria could have been used to
define the number and types of food groups to be included in the
analyses. Some individual food items were preserved either
because it was inappropriate to incorporate them into a certain
food group (eg, eggs, margarine, pizza, soup, coffee, and tea) or
they were suspected to represent distinct dietary patterns (eg,
garlic, liquor, wine, beer, and French fries).

Laboratory analyses

Participants provided blood samples shortly before complet-
ing FFQ2. Blood specimens from nonfasting participants were
collected into EDTA-treated tubes between 0800 and 1200. The
tubes were immediately covered with aluminum foil and stored
in the dark onice for up to 3 h until the plasma was separated.
Plasma was stored at —70°C for up to 15 mo until analyzed.
Plasma carotenoids and retinol were measured by reversed-phase
HPLC in the laboratory of Hoffmann-La Roche (Basel, Switzer-
land) (18). Plasma cholesterol and triacylglycerol concentrations
were determined according to the methods of Richmond (19) and
Bucolo and David (20), respectively, by using kits from Hoff-
mann-La Roche.

Statistical analysis

Factor analysis (principal component) was used to derive food
patterns based on the 40 food groups for each of the FFQs and the
diet records. We conducted the analyses using the FACTOR PRO-
CEDURE in SAS (21). The factors were rotated by an orthogonal
transformation (Varimax rotation function in SAS) to achieve sim-
pler structure with greater interpretability. In determining the
number of factors to retain, we considered eigenvalues (>1), the
Scree test (22), and the interpretability of the factors. We did not
use the percentage of variance explained by each factor because
this criterion depends largely on the total number of variables
included in the analyses. The substantive meanings of the rotated
factors were considered in conjunction with the above empirical
criteria and the derived factors were labeled on the basis of our
interpretation of the data as well as on prior literature.

The factor score for each pattern was computed by combining
the observed variables with weights that were proportional to
their component (factor) loadings (22).

Component or factor score for pattern i = 3, [(by/A)X] (1)

where b; is the loading for the jth food item or group on the ith
pattern, \; is the associated eigenvalue, and X; is the standardized
value of jth food item or group.

Pearson correlation coefficients were used to evaluate the con-
sistency of dietary patterns derived from dietary data collected
with the 2 FFQs and diet records. To reduce the within-person
variation in food intake derived from the diet records, we con-
ducted factor analysis using the average consumption for each
food group across two 1-wk diet records. We also calcul ated deat-
tenuated correlation coefficients for the dietary patterns between
the 2 FFQs and the diet records, corrected for week-to-week vari-
ation in diet records by using the following formula (23):

re=r, V(1 + v/k) 2

where r, is the corrected correlation between the dietary pattern
scores derived from the FFQ and diet records, r, is the observed
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TABLE 1

DIETARY PATTERNS

Food groupings used in the dietary pattern analyses

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 meats, bacon, hot dogs

Beef, pork, lamb, hamburger

Beef, calf, 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 |ettuce

String beans, peas or lima beans, beans or lentils, tofu or soybeans, afalfa 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 rolls, 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 beverage

Oil and vinegar salad dressing

Mayonnaise and other creamy salad dressings

Chowder or cream soup

Homemade soup, ready-made soup

Chocolate bars or pieces, candy bars, cookies, brownies, doughnuts, cake, pie, sweet roll, coffee cake, pastry
Red chili sauce (dry or prepared), mustard, pepper, soy or Worcestershire sauce, jam, jelly, syrup, honey

correlation, vy is the ratio of estimated within-person and
between-person variation in dietary pattern scores derived from
the two 1-wk diet records, and k is the number of repeated obser-
vations of diet records (in this study k = 2).

Pearson correlation coefficients were also used to assess the
relation between dietary patterns and computed nutrients from
diet records and plasma biochemical measurements. The nutri-
ents for the diet records were energy adjusted by using the
regression method (24). We adjusted plasma concentrations of
carotenoids, tocopherols, and retinol for age, plasma cholesterol,
plasma triacylglycerol, and body mass index. All biochemical
measurements were log, transformed to achieve normality.

RESULTS
Mean daily intakes, expressed in serving-size units, of the 40
foods and food groups determined from the 2 FFQs and from the

average of the two 1-wk diet records for the 127 study participants
are shown in Table 2. Foods underestimated by the FFQs compared
with the diet records (ie, the gold standard) included processed
meats, eggs, butter, high-fat dairy products, mayonnaise and creamy
sadlad dressings, refined grains, and sweets and desserts, whereas
most of the vegetable and fruit groups, nuts, high-energy and low-
energy drinks, and condiments were overestimated by the FFQs.
Pearson correlations comparing daily intakes of the food groups
derived from the 2 FFQs and the diet records are also listed in Table
2. Reproducibility correlations for the comparison of the 2 FFQs
ranged from 0.36 for legumes to 0.92 for coffee (X: 0.70). Pearson
correlation coefficients ranged from 0.09 for other vegetables to
0.83 for coffee (X: 0.38) for the comparison between FFQ1 and the
diet records and from 0.07 for other vegetablesto 0.90 for coffee (X:
0.42) for the comparison between FFQ2 and the diet records.

The factor analysis identified 2 major factors, the Western
and prudent dietary patterns, which explained 20% of the vari-
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TABLE 2

HU ET AL

Daily intake of 40 foods or food groups assessed with diet records (DRs) and 2 food-frequency questionnaires completed 1y apart (FFQ1 and FFQ2) by
127 participants in the Health Professional Follow-up Study (1986)

Foods or Serving Servings Pearson correlations?
food groups size! FFQ1L FFQ2 DR DRvsQl DRvsQ2 QlvsQ2
g no. of servings
Processed meats 27 (1o02) 0.26 + 0.27° 0.22+0.27 0.53 + 0.60* 0.52 0.52 0.70
Red meats 112-168 (4-6 0z) 0.47 +0.38 0.45 + 0.40 0.49+0.28 0.50 0.59 0.88
Organ meats 28-112 (14 0z) 0.05+ 0.08 0.04 £ 0.07 0.01 + 0.06 021 0.26 0.64
Fish and other seafood 84-140 (3-5 02) 0.50 + 0.32 054+0.34 0.52+0.35 0.51 0.74 0.61
Poultry 112-168 (4-6 0z) 0.37+0.20 0.36 + 0.27 0.34+0.22 0.54 0.48 0.74
Eggs 50 (one) 0.25+ 0.26 0.22+0.30 0.30+0.33* 0.60 0.56 0.68
Butter 5 (1 pat) 0.31+0.77 0.36 £ 0.92 0.74 +1.19* 0.55 0.53 0.73
Margarine 5 (1 pat) 0.62 + 0.84 0.73+ 0.95 0.87 £ 1.15* 0.61 0.50 0.62
Low-fat dairy products 245 (8 fl oz) or 122 (0.5 cup) 0.81+ 0.94 0.82+0.88 0.60 + 0.51* 0.54 0.62 0.69
High-fat dairy products 244 (8 fl 0z), 15 (1 Thsp), 1.04 + 0.95 1.09+ 1.09 1.63+ 1.28* 0.62 0.62 0.58
28 (1 02)
Liquor 42 (1 drink) 0.37+£0.78 0.37+£0.79 044 +0.74 0.72 0.78 0.90
Wine 118 (4 fl 0z) 0.41 + 0.66 0.36 + 0.64 0.41+0.67* 0.66 0.68 0.82
Beer 356 (1 can) 0.22 + 0.43 0.25+ 0.53 0.26 + 0.54 0.70 0.74 0.84
Tea 237 (1 cup) 0.48 £0.83 0.51+091 0.52£0.74 0.61 0.69 0.71
Coffee 237 (1 cup) 1.82 + 1.60 1.76 £ 1.49 1.56 + 1.28* 0.83 0.90 0.92
Fruit 128 (0.5 0z), 138 (1 02), 1.71+1.26 1.67+1.28 1.34+ 1,114 0.50 0.67 0.71
28 (1 0z), 164 (1 slice)
Fruit juice 186 (small glass) 120+121 1.13+1.22 0.88+0.73* 0.74 0.76 0.83
Cruciferous vegetables 78 (0.5 cup) 0.40+0.38 0.39+0.33 0.26 + 0.31* 0.25 0.26 0.61
Dark-yellow vegetables 103 (0.5 cup) 0.42 +0.43 0.36 + 0.31 0.22 £ 0.35* 0.33 0.28 0.64
Tomatoes 123 (one) 0.69 + 0.41 0.66 + 0.42 0.36 + 0.26* 0.28 0.38 0.57
Green, leafy vegetables 90 (0.5 cup) 0.75+ 0.50 0.79+0.51 0.64 + 0.45 0.51 0.55 0.40
Legumes 131 (0.5 cup) 0.43+0.32 0.42+0.32 0.26 + 0.28* 0.30 0.46 0.36
Other vegetables 131 (0.5 cup) 0.82+0.64 0.84 + 0.61 0.60 + 0.48* 0.09 0.07 0.58
Garlic 2.8 (1 clove, 1 shake) 0.17 + 0.26 0.17 + 0.24 0.06 + 0.28* 0.13 0.14 0.74
Potatoes 202 (1 whole), 210 (1 cup) 0.35+0.31 0.36 + 0.32 0.25+0.18* 0.48 0.45 0.67
French fries 112 (4 02) 0.10 + 0.17 0.08+0.14 0.06 + 0.08* 0.30 0.41 0.67
Whole grains 25 (1 dlice), 158 (1 cup) 111+117 1.08 +1.23 1.14+1.08 0.31 0.27 0.57
Cold breakfast cereal 30 (1 cup) 0.41+041 0.40 + 0.39 0.46 + 0.53 0.56 0.77 0.69
Refined grains 25 (1 slice), 158 (1 cup) 1.68 + 1.28 171+ 125 2.19 + 0.98* 0.23 0.30 0.47
Pizza 240 (2 slices) 0.08 + 0.08 0.09 + 0.09 0.07 £ 0.10* 0.26 0.29 0.60
Snacks 28 (oneor 1 0z) 0.41+0.37 0.46 £ 0.43 0.84 + 0.94* 0.41 0.36 0.44
Nuts 28 (102 0.45 + 0.56 0.43+0.62 0.32 + 0.50* 0.38 0.45 0.53
High-energy drinks 370 (1 can) 041+0.72 0.41+0.75 0.23+0.31* 0.46 0.51 054
Low-energy drinks 355 (1 can) 0.42+0.84 0.39+0.73 0.18 + 0.35* 0.74 0.66 0.78
Oil and vinegar 15 (1 tbsp) 0.34+0.34 0.37+£0.38 0.30+0.33 0.22 0.21 0.54
salad dressing
Mayonnaise and creamy 14 (1 tbsp) 0.24+0.33 0.25+0.26 0.64 + 0.49* 0.31 041 0.49
salad dressings

Chowder or cream soup 248 (1 cup) 0.21+0.23 0.20+0.28 0.21+0.30 0.20 041 0.69
Other soup 240 (1 cup) 0.07+0.11 0.07 £ 0.10 0.07 £ 0.10 0.26 0.44 0.33
Sweets or desserts 28 (1 0z), 64 (1 dlice) 1.29 +1.40 1.17 £ 0.99 1.58 + 1.49* 0.38 0.51 0.54
Condiments 18 (1 Thsp), 0.3 (1 shake) 114+124 136+ 1.37 0.57+0.73* 0.23 0.32 0.69

1Serving sizes differed from food to food even within one food group. For detailed serving size information for each food, see reference 17.

2Food intakes were log-transformed to achieve more normality in the distributions before the correlation coefficients were cal cul ated.

3% + SD.

4Significantly different from the average of the 2 FFQs, P < 0.05.

ance. Factor-loading matrixes for the 2 factors are listed in
Table 3. A positive loading indicates a positive association with
the factor, whereas a negative loading indicates an inverse asso-
ciation with the factor. The larger the loading of a given food
item or group to the factor, the greater the contribution of that
food item or group to a specific factor. The 2 major patterns
identified from the 3 sources of dietary data were similar. The
first factor was loaded heavily with the following foods or food
groups:. vegetable groups, legumes, whole grains, fruit, oil and

vinegar salad dressings, and fish and other seafood, and the sec-
ond factor was loaded heavily with processed meat, red meat,
butter, high-fat dairy products, refined grains, eggs, and French
fries. Following the method of Slattery et al (13), we |labeled the
first factor as the prudent pattern and the second factor as the
Western pattern. The factor analyses also identified other minor
patterns. However, because they were inconsistent across the 3
sources of data and explained a small amount of variance, we
did not include them in the subsequent correlation analyses.
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DIETARY PATTERNS

TABLE 3

Factor-loading matrix for the 2 mgjor dietary patterns identified from diet records and 2 food-frequency questionnaires completed 1y apart (FFQ1 and

FFQ?2) by 127 participants in the Health Professionals Follow-up Study (1986)

Foods or FFQ1 FFQ2 Diet records

food groups Prudent pattern Western pattern Prudent pattern Western pattern Prudent pattern Western pattern
Other vegetables 0.71 —1 0.64 — 0.32 —
Tomatoes 0.66 — 0.65 0.28 0.31 —
Green, leafy vegetables 0.64 — 0.69 0.17 0.58 —
Oil and vinegar salad dressings 0.61 — 0.57 — 0.36 —
Cruciferous vegetables 0.62 — 0.59 — 0.47 —
Legumes 0.55 — 0.47 — 0.50 —
Fish and other seafood 0.53 -0.22 0.52 — 0.16 —
Other soup 0.53 0.20 0.19 — 0.43 —
Dark-yellow vegetables 0.49 — 0.48 — 0.31 —0.36
Whole grains 0.49 — 0.49 -0.27 0.46 —
Condiments 041 0.23 021 0.53 0.35 0.31
Fruit 0.37 -0.30 0.65 -0.23 0.49 -0.49
Garlic 0.35 — 0.34 — 0.19 —
Poultry 0.30 — 0.43 — 0.29 -0.29
Chowder or cream soup 0.20 0.26 — — — —
Butter -0.22 0.67 —0.30 0.58 — 0.70
Processed meat — 0.65 — 0.73 — 0.66
Red meat — 0.64 — 0.65 -0.27 054
Potatoes — 0.55 — 0.49 0.40 0.27
High-fat dairy products — 0.49 — 0.24 — 0.38
Eggs — 0.49 -0.26 0.35 — 0.62
Refined grains — 041 — 0.53 0.25 0.28
High-energy drinks — 0.34 — 0.31 — 0.26
Sweets and desserts — 0.31 -0.16 — — —
Mayonnaise — 0.31 0.23 0.39 — 0.28
Tea — 0.21 0.17 0.29 — -0.17
Beer — 0.20 — 0.24 0.17 —
Coffee — — — 0.37 — 0.57
Snack — — — 0.18 — 0.18
Liquor — — — — -0.22 0.38
French fries — 0.36 — 0.45 — 0.56
Low-energy drinks — -0.25 — 0.23 — —
Wine 0.20 — 0.18 — — —
Pizza — — — 0.32 — 0.25
Margarine — — — — — —
Organ meat — — — — — —
Nuts — — — — — —
Fruit juice — — 0.29 — 0.37 -0.27
Cereal — — 0.22 -0.36 0.20 -0.36
Low-fat dairy products 0.22 — 0.35 —0.26 0.36 -0.47

1 Absolute values <0.15 were excluded from the table for simplicity.

The correlations between the 2 FFQs were 0.70 for the prudent
pattern and 0.67 for the Western pattern (Table 4), indicating
good reproducibility. The 2 factors identified from the FFQs were
reasonably correlated with those from the diet records: correla-
tion coefficients corrected for week-to-week variation in diet
records ranged from 0.45 to 0.74. Correlations between FFQ2 and
the diet records were higher than those between FFQ1 and the
diet records. In addition, those patterns were reasonably corre-
lated with nutrient intakes calculated from diet records (Table 5).
In particular, the prudent pattern was positively correlated with
intakes of fiber, magnesium, potassium, folate, vitamin B-6, and
carotenes, and negatively correlated with intakes of total and sat-
urated fat. In contrast, the Western pattern was positively corre-
lated with intakes of total and saturated fat and negatively corre-
lated with intakes of fiber, magnesium, potassium, folate, vitamin
B-6, and carotenes. The correlations between the factor scores

and plasma concentrations of biomarkers were in the expected
direction. The analyses eliminating current smokers (n = 11)
yielded nearly identical results (data not shown).

DISCUSSION

Recently, dietary pattern analysis has emerged as a possible
approach to examining diet-disease relations. In contrast with
the conventional approach, which focuses on a single nutrient or
a few nutrients or foods, this approach considers overall eating
patterns. Few data, however, are available on the validity of this
approach. In this study, we assessed the reproducibility and
validity of 2 major dietary patterns (the prudent and Western pat-
terns) derived from data collected with comprehensive, semi-
quantitative FFQs. Using factor analysis, we derived 2 major pat-
terns, which were qualitatively similar across 3 sources of
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TABLE 4

Pearson correlation coefficients for the prudent and Western dietary pat-
tern scores between the 2 food-frequency questionnaires completed 1y
apart (FFQL and FFQ2) and the diet records

Prudent pattern Western pattern

Crude  Corrected! Crude  Corrected*
FFQL1 vs FFQ2 0.70 — 0.67 —
FFQ1 vs diet records 0.34 0.45 0.51 0.58
FFQ2 vs diet records 041 0.52 0.64 0.74

1Corrected for week-to-week variation in diet records.

dietary data, ie, the 2 FFQs and the diet records. The first factor,
the prudent dietary pattern, was characterized by a high intake of
vegetables, legumes, whole grains, fruit, oil and vinegar salad
dressings, and fish and other seafood. In contrast, the second fac-
tor, the Western dietary pattern, was characterized by a high
intake of processed meat, red meat, butter, high-fat dairy prod-
ucts, refined grains, eggs, and French fries. The correlations
(corrected for week-to-week variation in diet records) between
each of the FFQs and the diet records ranged from 0.45 to 0.74
for the 2 patterns, suggesting reasonable comparability between
the FFQs and the diet records in characterizing dietary patterns.
In addition, the correlations between the factor scores and
plasma concentrations of biomarkers were in the expected direc-
tion and were comparable with those between intakes of specific
nutrients and plasma concentrations of these nutrients (25).

For both patterns, there were some differences in the factor
loadings for the food items between the FFQs and diet records,
probably because of methodologic differences between the
dietary assessment methods (24) and random statistical varia-
tions. However, the major patterns generated from the FFQ and
diet records were similar, and the correlations of the dietary pat-
terns between each FFQ and the diet records ranged from 0.45 to
0.74, suggesting the usefulness of an FFQ in assessing dietary
patterns relative to diet records. Correlations between dietary
patterns derived from the diet records and blood measurements
were generally higher than those between dietary patterns
derived from the FFQ and the blood measurements. This may be
in part because dietary intakes assessed by diet records are more
accurate. The temporal relation may also have played a part
because the FFQ asked about diet over the past year, whereas the
biochemical measures reflect relatively shorter-term intakes (24).

The dietary patterns derived from our data were qualitatively
similar to those from previous studies using the factor analytic
approach. Using dietary data collected by a diet-history question-
naire, Slattery et al (13) grouped >800 food items from the diet-
history questionnaire into 35 separate food groups. Two major
eating patterns were identified: the Western pattern and the pru-
dent pattern. They found that the prudent pattern was associated
with a lower risk of colon cancer, whereas the Western pattern
was associated with a higher risk of colon cancer. They also iden-
tified several minor patterns (high-fat, high-sugar, high-dairy
products; drinkers; and substitutors), which were not significantly

TABLE 5

Pearson correlation coefficients between the prudent and Western dietary pattern scores and nutrients from two 1-wk diet records and plasma biochemical

measurements

Prudent pattern Western pattern
FFQ1 FFQ2 Diet record FFQ1 FFQ2 Diet record
Energy-adjusted nutrients
from diet records*

Total fat -0.32 -041 -0.33 0.28 0.32 0.60
Saturated fat -0.37 -0.45 -0.39 0.41 0.43 0.65
Fiber 0.30 0.41 0.52 -0.37 -041 —-053
Calcium 0.03 0.14 0.16 -0.03 —-0.16 -0.27
Magnesium 0.23 0.40 0.36 -0.31 -0.26 -0.57
Potassium 0.32 0.47 0.49 -0.29 —0.30 -051
Folate 0.12 0.28 0.38 -0.16 —0.09 —0.49
Vitamin B-6 0.22 0.39 0.36 -0.37 -0.36 -0.47
Retinol 0.01 -0.08 0.06 0.03 0.08 0
Carotene 0.17 0.18 0.35 -0.24 -021 -0.39
a-Carotene 0.07 011 031 -0.25 -0.22 -0.34
B-Carotene 0.18 0.23 0.41 -0.26 -0.24 —0.40
Lycopene 0.05 0.17 0.14 -0.16 —0.06 -0.24
Lutein and zeaxanthin 0.29 0.12 0.38 —-0.10 -0.07 -0.02
B-Cryptoxanthin 0.03 0.26 0.33 -0.17 -0.16 -0.35
a-Tocopherol 0.06 0.08 0.13 -0.24 —-0.18 —0.09

Biochemical measurements
Total cholesterol —-0.08 -0.12 -0.25 0.18 0.12 0.18
Triacylglycerols —0.03 -0.03 -0.17 0.23 0.24 0.10
Retinol 0.09 0.11 011 0.02 0.05 -0.05
Total carotene 0.27 0.40 0.31 —-0.34 —0.26 —0.40
a-Carotene 0.29 0.39 0.24 —0.36 -0.28 —0.46
B-Carotene 0.23 0.37 0.32 -0.33 -0.28 -0.37
Lycopene 0.28 0.31 0.25 -0.12 0.03 -0.04
Lutein 0.33 0.33 0.38 -0.17 -0.15 -0.17
Zeaxanthin 0.08 0.11 0.27 -0.04 —-0.08 -0.01
a-Tocopherol 0.12 0.15 0.12 -0.15 -0.14 -0.18

LAl nutrients were cal culated from food intakes derived from diet records. Supplementary intakes were not included.
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associated with the risk of colon cancer. In a study of 939 Swiss
adults, Gex-Fabry et a (26) found 2 similar mgjor patterns. one
was associated with a high intake of pork meat and sausages,
pasta, and potatoes (satiating-capacity pattern), whereas the other
was associated with a high intake of fresh fruit and vegetables,
fish and other seafood, and poultry (healthfulness pattern).

One limitation of our study was that it included men only. Eat-
ing patterns may differ for women, even though a prior study
suggested that major eating patterns apply to both men and
women (13). Also, eating patterns are likely to vary with differ-
ent socioeconomic statuses, ethnic groups, and cultures. Thus, it
is necessary to replicate our study in other populations. In addi-
tion, because of changes in food preferences and food availabil-
ity, the meaning of a dietary pattern could change over time.
Finally, the 2 major patterns derived from our data explained
only 20% of total variance, suggesting the existence of other eat-
ing patterns. However, in our study, dietary patterns other than
the Western and prudent patterns were highly variable across the
different dietary assessment methods, and may not be repro-
ducible across studies. In a previous study (13), the Western and
prudent dietary patterns explained 19% of the variance in men
and 15% of the variance in women. However, these values
should be interpreted with caution because they depend heavily
on the total number of variables used in the factor analysis.

Because there are many potential differencesin nutrient contents
between dietary patterns, dietary pattern analysis cannot be specific
about the particular nutrients responsible for the observed differ-
ences in disease risk, and thus may not be useful for assessing the
biological relations between dietary components and diseaserisk. In
particular, this approach would not be optimal if the effect was due
to a specific nutrient (eg, neural tube defects resulting from afolic
acid deficiency) because the effect of the nutrient would be diluted.
Therefore, the dietary pattern approach may be more useful when
traditiona nutrient analyses have identified few dietary associations
for the disease (eg, breast cancer). On the other hand, when many
dietary associations have been shown for the disease (eg, coronary
artery disease), dietary pattern analysis may aso be useful because
it examines not only nutrients and foods but the effects of overall
diet aswell. In addition, adietary pattern can be used as a covariate
when examining a specific nutrient to know whether the effect of the
nutrient is independent of the overall dietary pattern.

In conclusion, our data indicate reasonable reproducibility
and validity of the mgjor dietary patterns defined by factor analy-
sis using data from the FFQs. These findings suggest the poten-
tial use of the dietary pattern approach for studying diet-disease
relations. ¢

We thank the participants of the Health Professional s Follow-up Study and
Matthew Gillman and Martha Slattery for helpful comments.
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