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Background—The impact of overall dietary patterns that reflect actual eating behaviors on mortality caused by
cardiovascular or other chronic diseases is largely unknown.
Methods and Results—We prospectively evaluated the relation between dietary patterns and risk of cardiovascular, cancer,
and all-cause mortality among 72 113 women who were free of myocardial infarction, angina, coronary artery surgery,
stroke, diabetes mellitus, or cancer and were followed up from 1984 to 2002. Dietary patterns were derived by factor
analysis based on validated food frequency questionnaires administered every 2 to 4 years. Two major dietary patterns
were identified: High prudent pattern scores represented high intakes of vegetables, fruit, legumes, fish, poultry, and
whole grains, whereas high Western pattern scores reflected high intakes of red meat, processed meat, refined grains,
french fries, and sweets/desserts. During 18 years of follow-up, 6011 deaths occurred, including 1154 cardiovascular
deaths and 3139 cancer deaths. After multivariable adjustment, the prudent diet was associated with a 28% lower risk
of cardiovascular mortality (95% confidence interval [CI], 13 to 40) and a 17% lower risk of all-cause mortality (95%
CI, 10 to 24) when the highest quintile was compared with the lowest quintile. In contrast, the Western pattern was
associated with a higher risk of mortality from cardiovascular disease (22%; 95% CI, 1 to 48), cancer (16%; 95% CI,
3 to 30), and all causes (21%; 95% CI, 12 to 32).
Conclusion—Greater adherence to the prudent pattern may reduce the risk of cardiovascular and total mortality, whereas
greater adherence to the Western pattern may increase the risk among initially healthy women. (Circulation. 2008;118:
230-237.)
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D

ifferent dietary components have been suggested as
important modifiable risk factors for chronic diseases,
especially for cardiovascular diseases (CVDs),1 which are the
leading causes of death in the United States and other
westernized countries.2 Although traditionally nutritional research has focused primarily on single nutrients or foods,
interest is growing in dietary patterns that consider the
complexity of the overall diet.3,4

the exploratory approach using factor or cluster analysis empirically identifies patterns that represent actual eating behaviors of
the study population; typically, these are 2 to 6 extracted patterns
that reflect different dietary compositions.5
Recently, several studies have examined the impact of dietary
indexes on the risk of cardiovascular or total mortality. These
indexes were defined on the basis of general dietary recommendations or characteristics of the Mediterranean diet.6,7 To a lesser
extent, studies have investigated the relation of dietary patterns
that reflect existing eating habits to mortality from CVD,8 –10
other major chronic diseases,10,11 or all causes.8,10 –18 Most of
these studies were small and inadequately powered. Therefore,
the aim of the present study was to evaluate the potential impact
of major dietary patterns derived by factor analysis on subsequent risk of mortality resulting from CVD, cancer, and all
causes in a large cohort study of women.
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Two major approaches have been applied to derive dietary
patterns.4 The hypothesis-oriented approach based on scientific
evidence or prevailing dietary recommendations typically uses
dietary indexes or scores to reflect the quality of the diet or the
degree of adherence to a particular, predefined diet. In contrast,
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Methods
Study Population
The Nurses’ Health Study (NHS) was established in 1976 when
121 700 female US nurses 30 to 55 years of age reflecting the racial
composition of women trained as registered nurses at that time (97%
were white) responded to a questionnaire on health-related factors.19
Since 1976, this cohort has been followed up through the use of
biennially mailed questionnaires. The follow-up rate exceeds 90% of
the potential person-time for every 2-year period.19
For the present analysis, we included women who had completed
a food frequency questionnaire (FFQ) in 1984 with ⬍70 missing
items and a range of total energy intake between 500 and 3500 kcal/d
(n⫽81 757). From this sample, we excluded all women with missing
information on age (n⫽34) or body mass index at baseline (n⫽98)
and who had reported a history of cancer (n⫽4451), myocardial
infarction (n⫽824), angina (n⫽1747), coronary artery bypass surgery (n⫽63), stroke (n⫽275), or diabetes mellitus (n⫽2152) before
1984. The final analytical cohort comprised 72 113 women with a
follow-up from 1984 to 2002. The study was approved by the
Institutional Review Board of the Brigham and Women’s Hospital
(Boston, Mass).
Downloaded from http://circ.ahajournals.org/ by guest on May 1, 2017

Assessment of Dietary Intake and Dietary Patterns
Dietary intake was assessed by validated, semiquantitative FFQs
administered in 1984, 1986, 1990, 1994, and 1998. Each FFQ
assessed how often on average a specified portion size of at least 116
food items was consumed during the past year. Frequency of intake
was measured using 9 categories ranging from “never or less than
once per month” to “6 or more times per day.” Values for nutrients
were derived from the US Department of Agriculture sources20 and
supplemented with information from manufacturers. Intakes of
dietary fiber, folate, and trans fat were energy adjusted by the
residual method.21
To identify dietary patterns, the items of the FFQs were first
aggregated into 37 to 39 food groups (Table 1). The classification of
food groups was based on similarities in nutrient profile and culinary
preference following the classification of a previous study in these
women.22 Second, we applied factor analysis (principal component
analysis) with the orthogonal rotation procedure varimax to the
predefined food groups, a method described in detail elsewhere.23
Briefly, each obtained dietary pattern (called factor) represents a
linear combination of all food groups that are weighted by their
factor loadings and explains as much interindividual variation of the
food groups as possible. Each subject receives a score for each
dietary pattern, with a higher score indicating a higher adherence to
the respective pattern. We determined the dietary patterns to retain
based on the Scree test (a graphical presentation of eigenvalues, with
eigenvalues ⬎1 explaining more variance than an individual food
group) and the interpretability of factors.23 The Scree test allowed us
to identify 2 major patterns with the largest eigenvalues (⬎2.75).
Similar to our previous analyses,22 these patterns were labeled the
“prudent” and the “Western” patterns. The reproducibility and
relative validity of dietary patterns derived by factor analysis have
previously been shown to be reasonably good.24
Because underreporting or overreporting of food items may result
in an increased extraneous variation, dietary pattern scores were
energy adjusted using the residual method.21 To additionally reduce
random within-person variation and to best reflect long-term dietary
intake, we calculated cumulative averages of the dietary pattern
scores as described previously.25 Therefore, the mortality risk for
each follow-up cycle was related to the average of dietary pattern
scores derived from all preceding FFQs. For example, the dietary
pattern score from the FFQ in 1984 was used to predict mortality risk
from 1984 to 1986, whereas the average of dietary pattern scores
from the FFQs in 1984 and 1986 was used to predict risk from 1986
to 1990, and the average of dietary pattern scores from the FFQs in
1984, 1986, and 1990 was used to predict risk from 1990 to 1994,
and so on. We stopped updating a woman’s dietary pattern scores at
the beginning of the follow-up period during which she reported a
diagnosis of CVD, diabetes mellitus, or cancer because changes in
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dietary habits after these diagnoses could confound the association
between diet and mortality.25 We also conducted a secondary
analysis in which we used only the baseline (1984) dietary pattern
scores.

Assessment of Nondietary Variables
Information on age, body weight, cigarette smoking, menopausal
status, use of hormone replacement therapy, history of hypertension,
and use of multivitamin supplements was provided biennially by
participant self-report. Body mass index was calculated as the ratio
of weight (kg) to squared height (m2), with the latter assessed at
baseline of the NHS only. The reported body weights of the
participants have been shown to be highly correlated with technicianmeasured weights (r⫽0.96).19 Physical activity was assessed every 2
to 4 years and was expressed as average time spent on physical
activities of at least moderate intensity per week.26

End-Point Ascertainment
Deaths were reported by family members or postal authorities or, for
persistent nonresponders, were ascertained through searches of the
National Death Index. The cause of death was assigned by physicianreviewers primarily on the basis of medical records if both medical
records and death certificates were available. For the present analysis, all deaths resulting from CVD (International Classification of
Diseases, eighth revision [ICD-8] codes 390 through 458), cancer
(ICD-8 codes 140 through 207), or other causes (deaths excluding
cardiovascular and cancer deaths) that occurred between the return
date of the 1984 questionnaire and June 2002 were included in the
analysis. The follow-up for death in the NHS has been estimated to
be 98% complete.27

Statistical Analysis
Relative risks (RRs) for each quintile of the dietary pattern scores
were estimated by Cox proportional-hazards regression, with the
lowest quintile as the reference category. Person-time of follow-up
was defined as the period from the return date of the questionnaire
mailed to participants in 1984 until the date of death or the end of
follow-up (June 30, 2002). All analyses were stratified by age and
follow-up period. In multivariable analyses, RRs were adjusted for
body mass index, physical activity, smoking, hormone replacement
therapy, history of hypertension, use of multivitamin supplements,
missing FFQ during follow-up, and total energy intake. In our
primary analysis, when associations between cumulatively averaged
dietary patterns and mortality were examined, cumulatively averaged
values of energy intake and physical activity were included. We also
updated information on all other covariates (except for history of
hypertension) using the most recent data for each 2-year cycle of
follow-up. Trend tests were conducted by including the median score
of each pattern quintile as a continuous variable in the models.
Additionally, we examined nonparametrically the possible nonlinear
relation of dietary pattern scores to the risk of mortality using
restricted cubic spline regression with 4 knots.28 Tests for nonlinearity were conducted with the likelihood ratio test,29 comparing the
model including only the linear term with the model including the
linear and cubic spline terms.
Furthermore, we conducted stratified analyses to investigate
whether the observed association between dietary patterns and risk of
mortality was modified by age (⬍60 versus ⱖ60 years), physical
activity level (ⱕ3.5 versus ⬎3.5 h/wk), smoking status (current
smokers versus nonsmokers), or overweight status (⬍25 versus ⱖ25
kg/m2). Interaction tests were performed by including a product term
with the respective stratification variable and the median score of the
pattern quintile as a continuous variable in the model using the
likelihood ratio test.29 All statistical analyses were performed with
SAS software 9.1 (SAS Institute Inc, Cary, NC).
The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

232

Circulation

July 15, 2008

Table 1. Factor Loadings for Food Groups of the 2 Major Dietary Patterns Identified From FFQs in 1984, 1986, 1990, 1994, and 1998
in Women of the NHS*
1984
Food Group

Prudent

1986

1990

1994

1998

Western

Prudent

Western

Prudent

Western

Prudent

Western

Prudent

Western

Other vegetables

0.68

···

0.72

···

0.69

···

0.71

···

0.71

···

Green, leafy vegetables

0.65

···

0.64

···

0.64

···

0.64

···

0.63

···

Cruciferous vegetables

0.61

···

0.60

···

0.61

···

0.63

···

0.62

···

Legumes

0.59

···

0.56

···

0.58

···

0.59

···

0.57

···
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Dark-yellow vegetables

0.58

···

0.63

···

0.65

···

0.64

···

0.62

···

Fruit

0.58

···

0.59

···

0.57

···

0.58

···

0.59

···

Fish

0.51

···

0.53

···

0.51

···

0.47

···

0.50

···

Tomatoes

0.46

0.18

0.55

0.19

0.49

0.17

0.52

···

0.53

···

Poultry

0.44

···

0.41

···

0.42

···

0.34

···

0.40

0.17

Whole grains

0.39

···

0.39

···

0.41

···

0.40

···

0.40

···

Salad dressing

0.36

···

0.38

···

0.34

···

0.31

···

0.33

···

Low-fat dairy

0.32

···

0.32

···

0.32

···

0.33

⫺0.20

0.28

···

Fruit juice

0.24

···

0.25

···

0.22

···

0.23

···

0.22

···

Nuts

0.18

···

0.22

0.20

0.18

0.20

···

0.26

0.19

0.21

Egg white

NA

NA

NA

NA

NA

NA

NA

NA

0.22

···

Olive oil

NA

NA

NA

NA

0.31

···

0.32

···

0.39

···

Organ meats

0.23

···

···

···

···

···

···

···

···

···

Tea

···

···

···

···

···

···

···

···

0.19

···

Wine

···

···

···

···

···

···

···

···

···

···

Low-sugar beverages

···

···

···

···

···

···

···

0.15

···

0.21

Refined grains

···

0.58

···

0.58

···

0.52

···

0.46

···

0.50

Processed meat

···

0.57

···

0.58

···

0.60

···

0.58

···

0.58

Red meat

···

0.55

···

0.57

···

0.60

···

0.61

···

0.62

French fries

···

0.47

···

0.48

···

0.47

···

0.47

···

0.48

Condiments

···

0.45

···

0.32

···

0.35

···

0.32

···

0.36

Sweets and desserts

···

0.43

···

0.49

···

0.43

···

0.41

···

0.36

Potatoes

···

0.39

···

0.36

0.23

0.30

0.24

0.29

0.21

0.33

High-fat dairy

···

0.37

···

0.42

···

0.48

···

0.47

···

0.45

Pizza

···

0.35

···

0.35

···

0.36

···

0.34

···

0.39

Mayonnaise

0.19

0.34

0.19

0.35

···

0.35

0.21

0.33

0.23

0.33

⫺0.16

0.32

···

0.32

···

0.32

···

0.29

···

0.30

Eggs

0.16

0.30

···

0.33

···

0.42

···

0.44

···

0.40

Margarine

···

0.29

···

0.27

···

0.28

···

0.31

···

0.25

Snacks

···

0.28

···

0.32

···

0.28

···

0.32

0.16

0.32

Butter

···

0.27

···

0.29

···

0.33

···

0.33

···

0.31

Soups

···

0.22

0.27

0.29

···

0.31

···

0.34

···

0.32

Coffee

···

···

···

···

···

0.15

···

0.16

···

0.19

Beer

···

···

···

···

···

···

···

···

···

···

Liquor

···

···

···

···

···

···

···

···

···

···

High-sugar beverages

NA indicates not applicable because the particular item was not on that year’s questionnaire.
*Factor loadings are identical to Pearson correlation coefficients. Factor loadings with absolute values ⬍0.15 are not shown for simplicity.

Results
Two major dietary patterns, each comprising at least 37 food
groups, were identified for each cycle of the follow-up
including an FFQ (Table 1). High scores for the pattern
labeled prudent represented a high consumption of vegetables, fruit, legumes, fish, poultry, and whole grains, whereas
high scores for the pattern labeled Western corresponded to a

high consumption of red meat, processed meat, refined
grains, french fries, and sweets and desserts.
Table 2 shows the characteristics of the 72 113 women
eligible for this study according to quintiles of the dietary
patterns scores at baseline. Women with higher prudent
pattern scores were slightly older, exercised more, were less
likely to be smokers, were more likely to use hormone
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Baseline Characteristics by Quintile of Dietary Patterns Among Women of the NHS (1984)
Quintile of the Prudent Pattern

Characteristic
Age, y
BMI, kg/m

Dietary Patterns and Mortality

2

Physical activity, h/wk
Current smoking, %
Current hormone therapy, %

Quintile of the Western Pattern

1 (Lowest)

3

5 (Highest)

P for Trend

1 (Lowest)

3

5 (Highest)

P for Trend

48.3

50.9

52.5

⬍0.001

52.9

50.5

48.6

⬍0.001

24.8

24.9

25.0

⬍0.001

24.3

24.7

25.5

⬍0.001

2.1

2.4

2.8

0.005

2.7

2.4

2.2

⬍0.001

33.3

22.7

18.1

⬍0.001

13.9

23.6

36.2

⬍0.001

9.5

11.0

12.3

⬍0.001

12.7

11.1

9.3

⬍0.001

History of hypertension, %

19.5

19.9

21.9

⬍0.001

20.3

19.4

20.9

0.08

Multivitamin supplements, %

30.3

37.2

43.9

⬍0.001

46.8

36.3

28.3

⬍0.001

7.4

7.0

6.8

⬍0.001

7.0

7.1

6.9

0.18

Dietary intake
Alcohol, g/d
PUFA/SFA ratio

0.48

0.55

0.64

⬍0.001

0.59

0.54

0.52

⬍0.001

MUFA/SFA ratio

1.01

1.03

1.04

⬍0.001

1.01

1.03

1.03

⬍0.001

Trans-fatty acids, g/d

3.8

3.5

2.8

⬍0.001

2.6

3.5

4.0

⬍0.001

12.3

16.0

21.3

⬍0.001

19.8

15.8

13.9

⬍0.001

Fiber, g/d
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Folate, g/d

207

268

356

⬍0.001

330

268

229

⬍0.001

BMI indicates body mass index; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; and MUFA, monounsaturated fatty acids. Values are means unless
otherwise indicated. Data, except age, were directly standardized to the age distribution of the cohort.

replacement therapy and multivitamin supplements, and had a
more advantageous nutrient profile than those with lower
sores for this pattern. In contrast, women with higher Western
pattern scores were younger, were less physically active,
were more likely to smoke, were less likely to use hormone
replacement therapy and multivitamin supplements, and had a
more unfavorable nutrient profile than those who scored low
on this pattern.
During 1 249 469 person-years, we ascertained 6011
deaths, including 1154 deaths resulting from CVD, 3139
deaths resulting from cancer, and 1718 deaths resulting from
other causes. After adjustment for age, the cumulatively
averaged prudent pattern was significantly and inversely
associated with mortality resulting from CVD, cancer, and
other causes and with all-cause mortality (Table 3). After
adjustment for potential confounders, the observed associations were attenuated. However, the decrease in risk for
women in the highest compared with the lowest quintile of
the prudent diet remained significant for cardiovascular
mortality (28%; 95% confidence interval [CI], 13 to 40),
mortality resulting from other causes (30%; 95% CI, 19 to
40), and total mortality (17; 95% CI, 10 to 24). The
association between the prudent pattern and mortality from
cancer was no longer significant. For the cumulatively
averaged Western pattern, significantly positive associations
with cause-specific and all-cause mortality were observed
after adjustment for age. Again, these associations were
attenuated after accounting for potential confounders. However, the increase in risk for participants in a comparison of
the extreme quintiles of the Western diet remained significant
for cardiovascular mortality (22%; 95% CI, 1 to 48), cancer
mortality (16%; 95% CI, 3 to 30), mortality resulting from
other causes (31%; 95% CI, 12 to 52), and total mortality
(21%; 95% CI, 12 to 32). The attenuation of risk in the
multivariable compared with the age-adjusted model was
most apparent after adjustment for physical activity and

smoking. The major causes of other mortality were diseases
of the respiratory system (463 deaths), which substantially
contributed to the observed association between the patterns
and risk of other mortality.
Secondary analyses using baseline dietary pattern scores
yielded similar results, although the associations were somewhat weaker (data not shown). Spline regression models
showed a linear relation of the Western pattern to causespecific mortality (Figure, B, D, and F) and to total mortality
(P for nonlinearity all ⬎0.05) (Figure, H). For the prudent
pattern, as already suggested by the quintile-specific RRs, a
deviation from linearity was revealed for cardiovascular
(Figure, A), other (Figure, E), and total mortality (Figure, G)
(P for nonlinearity all ⬍0.05), and no association was
observed with cancer mortality (Figure, C). Additional analyses showed no significant interaction between patterns and
age, physical activity level, smoking status, or overweight
status in terms of cause-specific and all-cause mortality (P for
interaction all ⬎0.05) (data not shown).

Discussion
In this large cohort study of women, we derived 2 major
dietary patterns. Greater adherence to the prudent pattern,
characterized by a high intake of vegetables, fruit, legumes,
fish, poultry, and whole grains, was related to a lower risk of
cardiovascular and total mortality. In contrast, greater adherence to the Western pattern, reflecting a high intake of red
and processed meat, refined grains, french fries, and sweets
and desserts, was linked to a higher risk of cardiovascular,
cancer, and total mortality.
The relation of overall dietary patterns with mortality
resulting from CVD or other chronic diseases has not been
widely examined. Similar to our study, the prudent pattern
(characterized by a frequent intake of fruits, vegetables, and
whole-meal bread) was associated with a decreased risk of
cardiovascular mortality in Danish women.8 In recent studies
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RRs (95% CIs) of Mortality by Quintile of Dietary Patterns Among Women of the NHS (1984 to 2002)
Quintile of Dietary Pattern

Variable

1 (Lowest)

2

3

4

5 (Highest)

P for Trend

Prudent pattern
Cardiovascular mortality
Deaths, n/person-years

278/252 727

225/254 676

240/251 645

201/249 771

210/240 650

Age-adjusted

1.0

0.67 (0.56–0.80)

0.65 (0.55–0.77)

0.49 (0.41–0.59)

0.50 (0.42–0.60)

⬍0.001

Multivariable*

1.0

0.78 (0.65–0.93)

0.85 (0.71–1.01)

0.69 (0.57–0.83)

0.72 (0.60–0.87)

⬍0.001

Cancer mortality
Deaths, n/person-years

632/252 727

605/254 676

610/251 645

644/249 771

648/240 650

Age-adjusted

1.0

0.83 (0.75–0.93)

0.78 (0.70–0.87)

0.78 (0.70–0.87)

0.77 (0.69–0.86)

⬍0.001

Multivariable*

1.0

0.92 (0.82–1.03)

0.93 (0.83–1.05)

0.96 (0.85–1.07)

0.98 (0.87–1.10)

0.97

Other mortality
Deaths, n/person-years
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436/252 727

349/254 676

309/251 645

300/249 771

324/240 650

Age-adjusted

1.0

0.67 (0.58–0.77)

0.54 (0.47–0.63)

0.49 (0.42–0.57)

0.52 (0.45–0.60)

⬍0.001

Multivariable*

1.0

0.79 (0.68–0.91)

0.71 (0.61–0.83)

0.67 (0.58–0.78)

0.70 (0.60–0.81)

⬍0.001

Total mortality
Deaths, n/person-years

1346/252 727

1179/254 676

1159/251 645

1145/249 771

1182/240 650

Age-adjusted

1.0

0.75 (0.69–0.81)

0.68 (0.62–0.73)

0.62 (0.58–0.67)

0.63 (0.58–0.68)

⬍0.001

Multivariable*

1.0

0.85 (0.78–0.92)

0.84 (0.78–0.91)

0.81 (0.74–0.88)

0.83 (0.76–0.90)

⬍0.001

Western pattern
Cardiovascular mortality
Deaths, n/person-years

216/244 089

208/250 155

230/252 459

246/253 060

254/249 706

Age-adjusted

1.0

1.10 (0.91–1.33)

1.37 (1.14–1.65)

1.66 (1.38–2.00)

1.95 (1.62–2.34)

⬍0.001

Multivariable*

1.0

0.98 (0.81–1.19)

1.13 (0.93–1.36)

1.20 (0.99–1.45)

1.22 (1.01–1.48)

0.009

Cancer mortality
Deaths, n/person-years

620/244 089

597/250 155

649/252 459

637/253 060

636/249 706

Age-adjusted

1.0

1.04 (0.93–1.17)

1.23 (1.10–1.37)

1.31 (1.17–1.47)

1.46 (1.30–1.63)

⬍0.001

Multivariable*

1.0

0.99 (0.88–1.11)

1.11 (0.99–1.25)

1.11 (0.99–1.24)

1.16 (1.03–1.30)

0.004

Other mortality
Deaths, n/person-years

343/244 089

318/250 155

315/252 459

353/253 060

389/249 706

Age-adjusted

1.0

1.04 (0.89–1.21)

1.13 (0.97–1.32)

1.42 (1.22–1.65)

1.77 (1.53–2.05)

⬍0.001

Multivariable*

1.0

1.02 (0.87–1.19)

1.05 (0.90–1.23)

1.21 (1.03–1.41)

1.31 (1.12–1.52)

⬍0.001

Total mortality
Deaths, n/person-years

1179/244 089

1123/250 155

1194/252 459

1236/253 060

1279/249 706

Age-adjusted

1.0

1.05 (0.97–1.14)

1.23 (1.13–1.33)

1.41 (1.30–1.53)

1.64 (1.51–1.77)

⬍0.001

Multivariable*

1.0

1.00 (0.92–1.08)

1.10 (1.02–1.20)

1.16 (1.06–1.26)

1.21 (1.12–1.32)

⬍0.001

*Adjusted for age (months), follow-up period (2-year intervals), body mass index (⬍23, 23 to 24.9, 25 to 26.9, 27 to 29.9, 30 to 34.9, ⱖ35 kg/m2), physical activity
(ⱕ0.5, 0.6 to 2, 2.1 to 3.5, 3.6 to 5, ⬎5 h/wk), smoking (never, past, 1 to 14, ⱖ15 cigarettes a day, missing information), hormone replacement therapy
(premenopause, never, current, past, missing information), history of hypertension (yes/no), use of multivitamin supplements (yes/no), missing FFQ during follow-up
(yes/no), and total energy intake (quintiles).

including Asian populations, a “vegetable-rich” pattern10 and
a pattern characterized by a frequent consumption of vegetables, fruit, soy products, seaweeds, and fish9 were inversely
related to cardiovascular mortality, whereas a pattern characterized by a frequent consumption of meat and butter was
directly related to this outcome.9 The results of the present
study for the association between patterns and the major
cause of other mortality (ie, diseases of the respiratory
system), are in line with previous findings on dietary patterns
and nonmalignant respiratory outcomes.30,31
Furthermore, several previous studies have examined the
relation between overall dietary patterns and all-cause mor-

tality. In a Japanese cohort study, a dietary factor reflecting a
frequent intake of plant foods such as green-yellow vegetables, fruit, soybean products, seaweeds, and potatoes was
inversely related to all-cause mortality.14 Among Danish men
and women, the prudent pattern was associated with a
decreased risk of total mortality.8 In a US study, a lower risk
of total mortality was observed for the “fruit-vegetableswhole grain” pattern among men.12 In different European
elderly populations, a plant-based dietary pattern was linked
to a reduced risk of all-cause mortality,13,17,18 and in German
elderly men and women, a pattern reflecting high intakes of
all types of meat, condiments, butter, and eggs was related to
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Figure. RRs (95% CIs) of continuous dietary pattern scores for mortality among women of the NHS (1984 to 2002). RRs (solid black
lines) and 95% CIs (dotted lines) were derived from spline regression models to examine the possible nonlinear relation of dietary pattern scores to mortality (adjusted for variables in the multivariable model in Table 3). For simplicity of presentation, the reference values
of dietary pattern scores (z-scores) were set to 0.

an increased risk of all-cause mortality.15 Among British
women, a reduced risk of total mortality was observed for a
pattern defined by frequent intakes of fruit, salad, vegetables,
and brown bread, whereas an increased risk was found for a
pattern characterized by frequent intakes of chips, crisps,
fried food, processed meat, and soft drinks.16 Despite these
positive results, other findings did not indicate a significant
association between dietary patterns and all-cause mortality.8,11,32 These inconsistent results may be due to specific
population characteristics such as gender or prevalent diseases. Furthermore, inconsistencies may be explainable by
differences in dietary assessment methods. For example, in a
Danish study,8 the Western pattern was based on 28 assessed
food items compared with at least 116 items that were
classified into 37 to 39 food groups in our study.

The results of the present study are supported by previous
analyses of the association between dietary patterns and
chronic diseases and biomarkers among women of our or a
similar cohort, respectively. In particular, the prudent pattern
was favorably associated with the risk of coronary heart
disease,33 weight maintenance,34 and plasma concentrations
of markers of inflammation and endothelial dysfunction,35
which could have contributed to the observed inverse relation
of the prudent pattern to cardiovascular mortality in the
present study. Conversely, the Western pattern showed a
positive association with the risk of coronary heart disease,33
stroke,36 type 2 diabetes mellitus,37 weight gain,34 and concentrations of inflammatory and endothelial markers.35 However, the prudent diet was not significantly related to the risk
of postmenopausal breast cancer,22 colorectal cancer,38 or

236

Circulation

July 15, 2008

Downloaded from http://circ.ahajournals.org/ by guest on May 1, 2017

pancreatic cancer,39 which are among the main causes of
mortality from cancer in women. Thus, it is not surprising
that we found no significant association between the prudent
pattern and cancer mortality after accounting for potential
confounders in the present study. However, the Western
pattern was directly related to the risk of colon cancer in a
previous study38 and directly associated with cancer mortality
in the present study. The different associations between the
patterns and specific diseases and causes of death may be due
to different effects of characteristic pattern components on
specific outcomes. Thus, a high consumption of fruit and
vegetables, 2 main components of the prudent pattern, has
been shown to be linked to a decreased risk of CVD,40,41
whereas the evidence from prospective studies for a reduced
risk is limited for most cancer sites.42 The results of our study
are further strengthened by distinctive nutrient compositions
of the prudent and Western patterns. For example, the intake
of trans-fatty acids, a recognized risk factor for CVD,1 was
inversely associated with the prudent pattern, and the intake
of fiber and folate, which have been shown to be associated
with lower CVD risk,1 was directly related to the prudent
pattern, whereas an opposite trend in nutrient intake was
evident for the Western pattern (see Table 2).
The large size of the cohort and long duration of follow-up
provided adequate power for the analyses of cause-specific
deaths and for the stratified analyses. The prospective design
and the high rate of follow-up minimized the possibility of
recall and selection biases. Another unique feature of this
study is the existence of repeated measures of diet, which
allowed us to calculate cumulative averages of dietary intakes
to best represent long-term diet and to reduce measurement
errors.
Several limitations of this study need to be acknowledged.
The dietary patterns identified by factor analysis represent
existing eating habits of the study population but do not
necessarily reflect optimal diets with the greatest impact on
mortality. In addition, factor analysis involves the subjectivity in selecting and grouping the food items, choosing the
method of factor rotation, and determining the numbers of
patterns to be retained.43 Variations in these criteria may
induce variations in the composition of identified patterns and
in the observed diet-disease associations. However, we defined the food groups and patterns using a standard method
applied in numerous previous studies. Furthermore, dietary
patterns may represent a lifestyle in general,43 and even
though we carefully adjusted for known and suspected
confounder variables, residual confounding cannot be ruled
out because of the observational nature of this study. Finally,
our study population was rather homogeneous in terms of
occupational class, ethnic group, and gender, which reduces
residual confounding but limits the generalizability of results.

Conclusions
In this large cohort study, we found that women with higher
prudent pattern scores had a lower long-term risk of cardiovascular and all-cause mortality, whereas women with higher
Western pattern scores had a higher long-term risk of cardiovascular, cancer, and all-cause mortality. These data highlight
the importance of health professional and public health

efforts to help to adopt healthy overall dietary patterns
including high intakes of plant foods such as vegetables, fruit,
legumes, and whole grains; high intakes of fish and poultry;
and low intakes of red and processed meat, refined grains,
french fries, and sweets.
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CLINICAL PERSPECTIVE
Overall dietary patterns can be defined as combinations of characteristic food groups that reflect existing eating habits of
a specific study population. The association between such overall dietary patterns and mortality due to cardiovascular
disease and other chronic diseases is largely unknown. We followed a population of ⬎70 000 apparently healthy US
women over the course of 18 years, assessing dietary intake repeatedly. By applying factor analysis, we identified 2 major
dietary patterns. A greater adherence to the pattern labeled as prudent (characterized by a high consumption of plant foods
such as vegetables, fruit, legumes, and whole grains as well as fish and poultry) was related to a 28% reduced risk of
cardiovascular disease mortality and a 17% reduced risk of premature all-cause mortality. By contrast, a greater adherence
to the pattern labeled as western (characterized by a high consumption of red and processed meat, refined grains, french
fries, and sweets) was associated with a 22% increased risk of cardiovascular disease mortality, a 16% increased risk of
cancer mortality, and a 21% increased risk of premature all-cause mortality. The observed associations were independent
of known risk factors including age, smoking, physical inactivity, body mass index, and total caloric intake. Nutritional
recommendations to prevent chronic diseases and promote longevity may need to focus on overall dietary patterns rather
than individual nutrients.
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