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ABSTRACT

Background: Although individual nutrients have been investigated
in relation to depression risk, little is known about the overall role of
diet in depression.

Objective: We examined whether long-term dietary patterns de-
rived from a food-frequency questionnaire (FFQ) predict the devel-
opment of depression in middle-aged and older women.

Design: We conducted a prospective study in 50,605 participants (age
range: 50-77 y) without depression in the Nurses’ Health Study at
baseline (1996) who were followed until 2008. Long-term diet was
assessed by using FFQs every 4 y since 1986. Prudent (high in veg-
etables) and Western (high in meats) patterns were identified by using
a principal component analysis. We used 2 definitions for clinical
depression as follows: a strict definition that required both a reported
clinical diagnosis and use of antidepressants (3002 incident cases) and
a broad definition that further included women who reported either
a clinical diagnosis or antidepressant use (7413 incident cases).
Results: After adjustment for age, body mass index, and other
potential confounders, no significant association was shown between
the diet patterns and depression risk under the strict definition. Under
the broad definition, women with the highest scores for the Western
pattern had 15% higher risk of depression (95% CI: 1.04, 1.27; P-
trend = 0.01) than did women with the lowest scores, but after addi-
tional adjustment for psychological scores at baseline, results were no
longer significant (RR: 1.09; 95% CI: 0.99, 1.21; P-trend = 0.08).
Conclusion: Overall, results of this large prospective study do not
support a clear association between dietary patterns from factor
analysis and depression risk. Am J Clin Nutr 2013;98:813-20.

INTRODUCTION

According to the WHO, depression is the fourth leading cause
of disease burden in the world (1). Depressive episodes may be
recurrent or chronic and have a substantial impact on life
functioning. In the United States, the lifetime prevalence of
depression is 19.2%, and women are, on average, 1.7 times more
likely to have depression than men (2).

Numerous studies have examined the relation between the
intake of individual nutrients or foods and depression. Many of
these studies have been cross-sectional, and results have been
inconsistent (3). Some prospective studies have shown that fish
(4), folate (5, 6), and caffeine (7) may each individually reduce
risk of depression. Other studies have evaluated the role of
polyunsaturated fatty acids (8—10), zinc (11), vitamin D (12), and
other micronutrients with inconclusive results. But the study of

the role of individual nutrients is challenging because many
nutrients are highly correlated with each other because they may
come from the same food sources, and some nutrients can affect
the intestinal absorption of nutrients. Therefore, the study of an
overall dietary pattern analysis has been recommended to ex-
amine the complex relation between diet and disease risk (13).

Previous studies on the role of diet patterns and depression have
been scarce, and, in their majority, cross-sectional studies (14—17).
To our knowledge, only 3 previous prospective studies have
evaluated the role of dietary patterns and depressive symptoms in
adulthood (18-20), and one previous prospective study evaluated
the role of dietary patterns and depressive symptoms in adoles-
cents (21). Although the study by Sanchez-Villegas et al (18) used
the Mediterranean diet score, which is an a priori quality score
selected on the basis of previous knowledge (13), the studies by
Akbaraly et al (United Kingdom) (19) and Le Port et al (France)
(20) have evaluated the associations between a posteriori dietary
patterns and depression, in which diet patterns were selected from
the dietary data collected in the specific population by using factor
analysis (13). Overall, these prospective studies reported lower risk
of depression with healthier diet patterns; however, all of the
studies relied on a single measurement of diet over time.

In the Nurses’ Health Study (NHS)® cohort, 2 dietary patterns
have been selected by factor analysis by using dietary data from
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food-frequency questionnaires (FFQs) collected every 4 y and
previously named prudent and Western patterns. Although the
Western pattern, which is high in red and processed meats, has
been associated with higher risk of diabetes, breast cancer, and
other chronic diseases, the prudent pattern, which is high in
vegetables and fruit, has been associated with lower risk of these
disorders (22-26). To the best of our knowledge, no previous
prospective studies of dietary patterns and depression have been
conducted in the United States. Therefore, we conducted a pro-
spective study of long-term diet patterns and depression risk in
participants in the NHS for whom repeated assessments of both
diet and clinical depression were compiled over a total follow-
up of 12 y.

SUBJECTS AND METHODS

The NHS started in 1976 with 121,700 female US registered
nurses who replied to a mailed questionnaire about lifestyle
factors and medical conditions. This information has been
updated every 2 y, with a response rate >90% for each ques-
tionnaire cycle. Although dietary information has been collected
since 1980, questions regarding antidepressant use were first
included in the questionnaires starting in 1996; therefore, we
used 1996 as our baseline year. Of the 97,103 women who had
completed the 1996, 1998, and 2000 questionnaires, we ex-
cluded women who reported antidepressant medication use in
1996 (n = 2052), had a history of physician diagnosed de-
pression in 1996 or earlier (n = 3445), or had severe depressive
symptoms on the basis of the 5-item Mental Health Inventory
(MHI-5) questionnaires from 1992 or 1996 (MHI-5 score =52;
n = 4645). In addition, we excluded women who did not report
their depressive status in 1996, 1998, or 2000 (n = 20,587) or
with an unknown date of onset of depression (n = 131) as well as
participants who had incomplete information on depressive
symptoms in 1992 or 1996 (n = 15,638). Thus, our baseline
population comprised a total of 50,605 women with complete
information from questionnaires from 1996 to 2000 and who
were considered free of depression in 1996. The protocol was
approved by the Institutional Review Board at Brigham and
Women’s Hospital.

Dietary assessment

In 1980, participants reported their usual food and beverage
intake during the previous year on a 6l-item semiquantitative
FFQ. In 1984, 1986, and every 4 y since, a similar but expanded
131-item FFQ were sent to these participants. Women were asked
to indicate how frequently they consumed a specific portion size
of each food item, with 9 possible response options that ranged
from never or <1 time/mo to =6 times/d.

Food items were aggregated into 38 predefined foods groups
on the basis of similar nutrient compositions and biological
origins. Foods that did not fit into any group or that may have
represented distinctive dietary behaviors were left as individual
categories (eg, pizza, beer, and tea). We included each type of
alcoholic beverage (wine, liquor, and beer) separately as food
groups in the factor analysis. Vitamin and mineral supplements
were not included in the definition of patterns.

The validity and reproducibility of the FFQ has been evaluated
before in a subgroup of participants by using four 1-wk-long diet

records completed during the previous year and repeated FFQs 1
y apart (27-29). For example, correlation coefficients between
the 1986 FFQ and the average intake from diet records in the
same year were 0.68 for saturated fat and 0.73 for dietary
cholesterol (P < 0.001) (27). The mean correlation coefficient
between frequencies of intake of 55 foods from the 2 FFQs was
0.57 (P < 0.001) (28).

Prudent and Western dietary patterns

As previously described by Fung et al (22, 23), 2 major
dietary patterns previously named prudent and Western were
detectable by using factor analysis with principal components
that were based on correlations between predefined food
groups. The number of factors retained was determined by an
eigenvalue >1 (ie, the factor explains more of the variance in
correlations than is explained by a single variable) and the
Scree test for each factor. To select uncorrelated factors and
more-realistic diets, we used an orthogonal rotation procedure
(varimax).

Factor loadings represented correlation coefficients between
food groups and particular patterns, where positive loadings
represented positive correlations, and negative loadings repre-
sented inverse correlations. The factor score for each pattern was
calculated by summing observed frequencies of intakes of food
groups weighted by their factor loadings. Factor scores for
prudent and Western patterns were assigned to each woman
according to their adherence to the respective diet pattern. A
higher score suggested greater adherence to a certain dietary
pattern. Factors scores were standardized to have a mean of 0 and
SD of 1.

The validity and reproducibility of this method has been
evaluated in a parallel cohort of men (Health Professionals
Follow-Up Study) by using data collected with a FFQ and diet
records (30). Correlations between scores for patterns generated
from the FFQ and diet records were 0.52 for prudent and 0.74 for
Western patterns, whereas reliability correlations between 2
FFQs (1 y apart) were 0.70 for prudent and 0.67 for Western
patterns (P < 0.001).

Clinical depression assessment

Participants were first asked about their use of antidepressants
in 1996. In 2000, participants were asked if they ever had
a physician diagnosis of depression and the year of diagnosis
(=1996, 1997-1998, 1999, or 2000). Information on antide-
pressant use and physician-diagnosed depression was updated
biennially thereafter.

We considered the following 2 definitions for cases with new
onset of clinical depression: a strict definition and a broad def-
inition. Under the strict definition, incident clinical depression
cases were defined as women who first reported both a clinical
diagnosis of depression and use of antidepressants after 1996.
Under the broad definition, new cases were women who reported
use of antidepressants or diagnosis of depression after 1996. The
broad definition was more sensitive but less specific because it
further included /) women who had been diagnosed with de-
pression but do not take antidepressants and 2) women who take
antidepressants but did not report a depression diagnosis.
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Assessment of other variables

Self-reported information about lifestyle factors including
weight, smoking, menopause, use of hormone replacement
therapy, education, marital and work status, multivitamin use,
and medical events including cancer, high blood pressure, angina,
hypercholesterolemia, and diabetes diagnosis was collected as
part of the main questionnaires. BMI (in kg/m?) was calculated as
weight divided by height squared. In a validation study con-
ducted in a subgroup of the NHS cohort, the correlation between
self-reported weight and the average of 2 technician measure-
ments was 0.98 (P < 0.001) (31). Physical activity information
was collected by using a validated questionnaire (32), and
metabolic equivalent task hours per week were calculated. Re-
ported participation in community groups, including church, or
volunteering was used as a proxy for social activity. Neighbor-
hood socioeconomic status summary scores were estimated
from addresses of participants on the basis of information from
the US Census about wealth and income, educational levels, and
occupation (33). Total calorie intake was derived from all items
on the FFQ.

The MHI-5 score was included in the 1992 and 1996 ques-
tionnaires as part of the 36-Item Short-Form Health Survey. This
5-item score was designed to measure psychological stress
compared with wellbeing (34), and included questions about how
much of the time (from all of the time to never) over the previous
month participants felt /) nervous, 2) calm and peaceful, 3)
happy, 4) down and blue, and 5) so down that nothing could
cheer them up. The total score ranged from 0 to 100, whereby
a higher score denoted better mental health and a score =52
denoted severe depressive symptoms (33). Although we ex-
cluded participants with severe depressive symptoms in 1992 or
1996 from the baseline population, we further considered par-
ticipants’ MHI-5 scores in 1996 for additional adjustment in our
analysis to minimize reverse causation (ie, the bias that would
occur if subclinical symptoms of depression affected the par-
ticipant diet).

Statistical analysis

Person-years of follow-up for each participant were computed
from baseline to the date of diagnosis of first depression, date of
reported start of antidepressant medication, death, end of total
follow-up (June 2008) or the last questionnaire received,
whichever came first. To assess long-term dietary intakes and
reduce the random within-person variation, we used the cumu-
lative average of the diet pattern scores starting in 1984 (ie, when
the first expanded FFQ was administered) up to a 2-4-y lag
period before the follow-up period ended. For example, dietary
scores averaged from 1984 to 1994 were used to predict clinical
depression reported on the 1996 questionnaire, and dietary
scores averaged from 1984 to 2006 were used for cases reported
in the 2008 questionnaire. Similarly, the cumulative average was
used for potential confounders BMI, physical activity, and total
calorie and caffeine intakes with a 2—4-y lag before the end of
follow-up. For women who did not return the FFQ only in
specific years, we created an indicator at every cycle of follow-up.

To evaluate the association between dietary patterns and de-
pression risk, we categorized all women into quintiles according
to their scores for prudent and Western patterns, whereby the

lowest quintile was our reference group. We used Cox pro-
portional hazard models to estimate RRs stratified by age in
months and questionnaire cycle and with adjustment for total
calorie intake (model 1). In a second model, we adjusted for BMI
(quintiles), smoking status (never, 1-24 cigarettes in the past,
>24 cigarettes in the past, 1-24 cigarettes currently, and >24
cigarettes currently), physical activity (quintiles), menopause
status, use of hormonal replacement therapy (never, past, or
current), marital status (married, widowed, separated or di-
vorced, or single), multivitamin use (yes or no), retired (yes or
no), participation in community groups (yes or no), caffeine
intake (quintiles), and diagnosis of cancer, diabetes, hyperten-
sion, hypercholesterolemia, or heart disease (myocardial in-
farction or angina) as time-varying covariates during follow-up.
Additional adjustment for neighborhood socioeconomic status,
nurse education, and husband education level did not materially
change our estimates, and thus, for parsimony, these variables
were not retained in the models. Finally, in the third model, we
adjusted for MHI-5 scores in 1996 to further adjust for levels of
psychological stress or well-being at baseline (before depression
diagnosis or antidepressant use). All models were adjusted for
indicators for missing FFQ years. To estimate linear trends, we
used Mantel’s extension test, whereby the medians for each
quintile were modeled as a continuous variable.

In additional analyses to further evaluate clinical depression by
report of diagnosis or treatment, we used polytomous logistic
regression across 3 mutually exclusive groups to compare /)
women who had a diagnosis of depression and reported use of
antidepressants, 2) women who were taking antidepressants only
or who had a diagnosis of depression only, and 3) women who
reported neither a diagnosis nor antidepressant use (reference).

In sensitivity analyses, we repeated our main analyses by using
a longer latency (6-8 instead of 2—4 y) between cumulative
intakes and the start of the follow-up period and by further
excluding women with an MHI-5 score =65 (n = 7,875), which
was a more strict cutoff recommended by Rumpf et al (35).
Finally, we assessed whether the relation between diet patterns
and depression varied by age (<60 compared with =60 y) BMI
(<25 compared with =25), and smoking status (never compared
with ever) by including their multiplicative terms in the multi-
variable Cox models and applying the likelihood ratio test with
a cutoff of 0.05. All statistical analyses were conducted with the
SAS statistical package (version 9.2; SAS Institute).

RESULTS

Correlations between food groups and dietary pattern factors
in 1994 (ie, the last FFQ administered before the depression
follow-up) are presented in Table 1 for those food groups with
correlation coefficients >0.30. In 1994, the prudent pattern had
higher loadings from fruit (r = 0.62), vegetables (r = 0.69-0.59),
fish (r = 0.43), whole-grain products (r = 0.43), and low-fat dairy
(r=0.35), whereas the Western pattern had higher loadings from
red and processed meats (r = 0.61 and 0.57, respectively),
French fries (r = 0.47), desserts (r = 0.45), high-fat dairy (r =
0.44), and refined grains (r = 0.43) (P < 0.001 for all). Similar
loadings were observed for FFQs from 1984, 1986, 1990, 1998,
2002, and 2006 but were not identical. For example, nut intake
had a correlation of 0.46 with the prudent pattern of 2006, but
the correlation with the prudent pattern of 1994 was <0.15.
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TABLE 1
Correlations between food groups and dietary pattern from 1994, the
Nurses” Health Study 19962008’

Prudent pattern Western pattern

Yellow vegetables 0.67 —
Cruciferous vegetables 0.63 —
Other vegetables’ 0.69 —
Fruit 0.62 —
Legumes 0.62 —
Leafy green vegetables 0.59 —
Tomatoes 0.45 —
Whole grain 0.43 —
Fish 0.42 —
Low-fat dairy 0.35 —
Water 0.35 —
Poultry 0.31 —
Red meat — 0.61
Processed meats — 0.57
French fries — 0.47
Desserts’ — 0.45
High-fat dairy — 0.44
Refined grains — 0.43
Eggs — 0.44
Creamy soups — 0.35
Margarine — 0.33
Pizza — 0.33
Sugared beverages — 0.33
Snacks” — 0.33
Potatoes — 0.33

"With the orthogonal rotation used, correlations were identical to the
factor loading matrix from the principal component analysis. Only items
with correlation coefficients >0.30 are presented.

2 Included corn, onion, eggplant, celery, green peppers, and mixed vegetables.

3 Included chocolate, candy bars, cookies, brownies, cake, pie, and pastries.

“#Included chips, popcorn, and crackers.

Age- and total calorie—adjusted characteristics of the pop-
ulation by quintiles of both patterns in 1994 are presented in
Table 2. Women with high scores of the prudent pattern were
older, were more physically active, were more frequent users of
multivitamins and hormone replacement therapy, had a higher
MHI-5 score at baseline, were more likely to be married and
involved in a community group, were less likely to be current or
ever smokers, and consumed less caffeine than did women with
the lowest scores. In contrast, women with higher scores for the
Western pattern were younger, had higher BMI, were less
physically active, had a lower MHI-5 score at baseline, had
higher caffeine intake per day, were less likely to use or have
used hormone replacement therapy, and were more likely to be
current smokers than were women in the lowest quintile. In
addition, women in the highest quintile for the Western pattern
were more likely to be widowed or retired and less likely to use
multivitamins and participate in a community group.

At the end of follow-up, 3002 women (6% of the population at
baseline) had newly reported a physician diagnosis of depression
and the beginning use of antidepressant drugs (strict definition).
Under the broad case definition (depression diagnosis or reported
antidepressant use), 4411 additional potential cases were iden-
tified, for a total number of cases under the broad definition of
7413 women (15% of the population at baseline).

Overall, no significant association was shown between the
prudent pattern and strict or the broad definitions of clinical

depression after multivariate adjustment (Table 3). For the
Western pattern (Table 4), a significant positive association with
both the strict and the broad definition of depression was ob-
served in analyses adjusted for age and total calories. However,
results for the strict definition were strongly attenuated after
additional adjustment for BMI, physical activity, smoking, caf-
feine intake, and other covariates (models 2 and 3). For the
broad definition, significantly higher depression risk in women
with the highest Western pattern score persisted after multivar-
iate adjustment (model 2) but not after further controlling the
analyses for the MHI-5 score at baseline (model 3).

Results were similar for the subanalysis with the exclusion of
women with an MHI-5 score =65 but were slightly attenuated.
For example, under the broad definition, women in the highest
quintile of the Western pattern had 14% increased risk of de-
pression (model 2: RR: 1.14; 95% CI: 1.00, 1.28; P-trend =
0.02) compared with that for women in the lowest quintile (re-
sults not shown in Table 4). For the analysis that used a 6-8-y
period between dietary assessments and the follow-up period,
there were no significant associations between the Western or
prudent pattern and depression. Associations between both
patterns and depression did not vary by age, BMI, or smoking.

We observed similar results when we used polytomous logistic
regression to compare the following 3 mutually exclusive groups:
I) women who reported a diagnosis of depression and antide-
pressant use (n = 3002), 2) women who reported only a di-
agnosis of depression or only antidepressant use (n = 4411), and
3) women who did not report a diagnosis of depression or an-
tidepressant use as the reference group (see Table 1 under
“Supplemental data” in the online issue). No significant asso-
ciations were observed for the prudent pattern. For women in the
highest quintile of the Western pattern score, there was 20%
increased risk for the group who reported only a diagnosis of
depression or only antidepressant use (RR: 1.18; 95% CI: 1.03,
1.34; P-trend = 0.01) compared with that for women in the
lowest quintile after adjustment for age, total calories, BMI,
physical activity, comorbidities, and other potential confounders
(model 2). However, this association did not remain significant
after adjustment for MHI-5 at baseline (RR: 1.13; 95% CI: 0.99,
1.29; P-trend = 0.07).

DISCUSSION

Over the 12 y of follow-up, we did not observe significant
associations between prudent and Western pattern scores and
depression risk. Under a broad depression definition, we showed
that women who adhered more closely to the Western pattern had
higher risk of developing depression after adjustment for BMI,
physical activity, and other covariates. However, no association
was observed after additional adjustment for psychological stress
and well-being scores (MHI-5) at baseline.

Previous cross-sectional studies have observed a significant
association between patterns highly loaded with processed foods
and depressive symptoms (14, 15). To our knowledge, only 2
previous prospective studies (19, 20) have evaluated associations
between dietary patterns, derived from principal component
analysis and resulting from a single dietary assessment, and
depression symptoms [on the basis of the Center of Epidemio-
logic Depression Scale (36)]. In the study by Akbaraly et al (19)
a whole food pattern was associated with a lower risk of
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TABLE 2
Baseline characteristics of the population by prudent and Western pattern quintiles, the Nurses’ Health Study 1996’

Prudent pattern Western pattern

Quintile 1 Quintile 3 Quintile 5 Quintile 1 Quintile 3 Quintile 5

Age (y) 608 + 69° 624*69 636*68 630*+68 624*69 615+70
BMI (kg/m?) 26.3 = 0.02 262 *=0.02 259 *0.02 249 = 0.02 26.1 £0.02 27.6 = 0.02
Physical activity (MET-h/wk) 13.2 = 0.1 191 £ 0.1 269=*+01 274*0.1 194 *=0.1 11.7 = 0.1
Caffeine intake (mg/d) 303 £ 1.0 241 = 0.9 191 £ 1.0 204 + 1.0 239 *+ 0.9 290 = 1.0
Mental Health Index’ 81.7 2 0.05 833 £0.04 844 *0.05 842 =*0.05 83.1*0.04 822 % 0.05
Menopause (%) 94 95 95 95 95 94

Current use of HRT# 40 48 49 49 47 40

Ever used HRT* 62 69 70 71 68 63
Current smokers (%) 19 8 4 4 9 17
Ever smokers (%) 59 52 50 56 53 52
Marital status (%)

Married 76 82 81 80 82 78

Widowed 16 12 11 12 12 15

Separated, divorced, or single 8 6 7 8 6 6
Multivitamin use (%) 45 53 60 61 54 43
Retired (%) 47 49 49 47 49 49
Participates in community 53 65 70 64 65 58

groups (%)

! Data are from the most recent measure of diet (1994) before baseline (1996). All variables were age- and total calorie—
adjusted except for age. HRT, hormonal replacement therapy; MET-h/wk, metabolic equivalent task hours per week.

2Mean =+ SD (all such values).

*Mental Health Index score measured in 1996. A higher score denotes a better mental health.

#With the exclusion of premenopausal women.

depressive symptoms whereas a processed food pattern was
associated with higher risk (n = 3486). Le Port et al (20) reported
healthy and traditional patterns associated with lower risk of
depressive symptoms, low-fat and snacking patterns associated
with higher risk, and no associations for animal protein and
dessert patterns in 3132 women.

Both of the previous studies conducted sensitivity analyses to
evaluate potential reverse causation (ie, an effect of early de-

pression symptoms in the diet). In the study by Akbaraly et al
(19), after exclusion of participants with depression symptoms or
antidepressant use at baseline, the whole food diet pattern was no
longer associated with lower risk of depressive symptoms.
Similarly in the study by Le Port et al (20), no significant as-
sociations between the healthy pattern and depressive symptoms
were observed after exclusion of participants with significant
depressive symptoms at baseline.

TABLE 3
Association between the prudent diet pattern and clinical depression, the Nurses’ Health Study 19962008
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P-trend
Strict definition of depression (diagnosis
and antidepressant use)
No. of events 624 623 602 575 578 —
Person-years 102,941 102,947 102,995 103,039 103,122 —
Model 1 1.00 1.00 (0.89, 1.12) 0.97 (0.87, 1.09) 0.92 (0.82, 1.04) 0.92 (0.81, 1.05) 0.11
Model 2 1.00 1.02 (0.91, 1.14) 1.00 (0.89, 1.13) 0.95 (0.84, 1.08) 0.96 (0.84, 1.10) 0.33
Model 3 1.00 1.05 (0.94, 1.18) 1.05 (0.93, 1.18) 1.02 (0.90, 1.15) 1.05 (0.91, 1.20) 0.73
Broad definition of depression (diagnosis
and/or antidepressant use)
No. of events 1552 1563 1441 1426 1431 —
Person-years 102,015 102,006 102,169 102,180 102,270 —
Model 1 1.00 1.01 (0.94, 1.08) 0.93 (0.86, 1.00) 0.92 (0.85, 0.99) 0.92 (0.85, 1.00) 0.01
Model 2 1.00 1.03 (0.96, 1.11) 0.96 (0.89, 1.04) 0.95 (0.88, 1.03) 0.97 (0.89, 1.06) 0.20
Model 3 1.00 1.06 (0.98, 1.14) 1.00 (0.92, 1.08) 1.00 (0.93, 1.09) 1.04 (0.95, 1.13) 0.79

' Cox proportional hazards models were used to calculate RRs (95% CIs). Model 1 was adjusted for age (mo) and total caloric intake (continuous). Model
2 was adjusted as for model 1 and for BMI (continuous), smoking, physical activity (quintiles), menopause status, use of hormonal replacement therapy [never
(reference), past, or current], marital status, caffeine (quintiles), multivitamin use (yes or no), retired (yes or no), participation in a community group or
volunteering (yes or no), and reported diagnosis of cancer, high blood pressure, hypercholesterolemia, heart disease (myocardial infarction or angina), or
diabetes. Model 3 was adjusted as for model 2 and the 5-item Mental Health Inventory at baseline (continuous). All models were adjusted for indicators of
missing dietary pattern information in the years 1986-2006.
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TABLE 4
Association between the Western diet pattern and clinical depression, Nurses’ Health Study 1996-2008’
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P-trend
Strict definition of depression (diagnosis
and antidepressant use)
No. of events 557 544 633 607 661 —
Person-years 103,056 103,092 102,949 103,039 102,908 —
Model 1 1.00 0.98 (0.87, 1.11) 1.15 (1.02, 1.30) 1.11 (0.97, 1.26) 1.23 (1.06, 1.43) 0.002
Model 2 1.00 0.95 (0.84, 1.08) 1.09 (0.97, 1.24) 1.04 (0.90, 1.18) 1.12 (0.95, 1.31) 0.12
Model 3 1.00 0.94 (0.83, 1.06) 1.05 (0.93, 1.19) 0.97 (0.85, 1.11) 1.05 (0.89, 1.23) 0.50
Broad definition of depression (diagnosis
and/or antidepressant use)
No. of events 1408 1422 1508 1503 1572 —
Person-years 102,202 102,222 102,074 102,148 101,993 —
Model 1 1.00 1.04 (0.96, 1.12) 1.13 (1.04, 1.22) 1.15 (1.06, 1.24) 1.26 (1.15, 1.39) <0.001
Model 2 1.00 1.01 (0.94, 1.09) 1.07 (0.99, 1.16) 1.08 (0.99, 1.17) 1.15 (1.04, 1.27) 0.01
Model 3 1.00 1.00 (0.93, 1.08) 1.04 (0.96, 1.12) 1.03 (0.94, 1.12) 1.09 (0.99, 1.21) 0.08

! Cox proportional hazards models were used to calculate RRs (95% CIs). Model 1 was adjusted for age (mo) and total caloric intake (continuous). Model
2 was adjusted as for model 1 and for BMI (continuous), smoking, physical activity (quintiles), menopause status, use of hormonal replacement therapy [never
(reference), past, or current], marital status, caffeine (quintiles), multivitamin use (yes or no), retired (yes or no), participation in a community group or
volunteering (yes or no), and reported diagnosis of cancer, high blood pressure, hypercholesterolemia, heart disease (myocardial infarction or angina), or
diabetes. Model 3 was adjusted as for model 2 and the 5-item Mental Health Inventory at baseline (continuous). All models were adjusted for indicators of

missing dietary pattern information in the years 1986-2006.

In our study, all analyses were conducted in women without
significant depressive symptoms, antidepressant use, or a di-
agnosis of depression at baseline. Moreover, to further address
the potential effect of reverse causation, we adjusted our results
for the MHI-5 score at baseline (model 3), which markedly at-
tenuated our results. The Western pattern was no longer sig-
nificantly associated with our broad definition of depression after
this adjustment. In a previous study about diet quality and mental
health in adolescents, results were also markedly attenuated after
adjustment for depressive symptoms at baseline (21). In an ad-
ditional sensitivity analysis, we used a stricter cutoff for de-
pressive symptoms (MHI-5 score =65) and excluded 7875
women with moderate to severe depressive symptoms, and our
results remained null.

To appropriately examine the association of long-term dietary
patterns and development of depression later in life, we used the
cumulative average of dietary intakes over a long period of time
(10-20 y) and a latency period of 2—4 y between dietary (and
covariate) assessments and the follow-up period. In addition, we
conducted a sensitivity analysis with a longer latency period (4—
8 y) in which no significant associations were observed.

Although we did not find an association between the prudent or
Western pattern and depression risk, these patterns have been
previously used to investigate the role of diet in several chronic
diseases, including diabetes (22), breast cancer (23), and Par-
kinson’s disease (26). Moreover, in a subset of the same cohort
of women, the Western pattern has also been shown to be sig-
nificantly associated with high plasma concentrations of in-
flammatory biomarkers (37) and homocysteine (38), which have
been associated with late-life depression (39). Thus, a biological
effect of both patterns in depression is plausible despite our
observation of no association. An advantage of the use of dietary
patterns is the potential to detect the combined effects of foods,
especially if the individual components of a pattern contribute to
only a small amount of risk, as seems to be the case for many of
the nutrients associated with depression.

Some limitations in the dietary pattern selection warrant
consideration. First, the statistical analysis used to derive dietary
patterns involves several arbitrary decisions, including the con-
struction of the food groups and the method of rotation (39). To
address these issues, several sensitivity analyses have been con-
ducted in a parallel cohort of men and similar patterns were
identified by including individual food items instead of food groups,
retaining 3 instead of 2 factors and using an oblique rotation instead
of an orthogonal rotation (30, 40). Second, diet patterns may differ
by sex, race, and geographical area; therefore, our results may not
be generalizable to other populations. However similar patterns
were shown in nationally representative samples (41).

Because we relied on self-reported data, some mis-
classification of depression was possible. Therefore, we used 2
definitions for new cases of clinical depression. The stricter
definition was more specific because it included only women who
reported both a diagnosis of depression and antidepressant use.
However, this definition was less sensitive because it excluded
women who reported depression diagnosis but were not treated
with antidepressants and women who took antidepressants
without a physician diagnosis of depression. In contrast, we also
analyzed data by using a broader definition that included women
who reported antidepressant use or women who reported a di-
agnosis of depression only. This definition was more sensitive but
also likely to have been affected by misclassification of the
outcome because it could have included women who were taking
antidepressants for reasons other than depression. Other in-
dications for antidepressants in that age group (mean: 62 y at
baseline) include chronic pain or pain disorders (42, 43), which
are comorbid with depressive symptoms (44). Differences in
results could have also been a result of the smaller number of
cases under the strict definition compared with the broader
definition. For both definitions, potential misclassifications were
most likely to be independent of the dietary assessment.

Despite these limitations, the data allowed us to investigate the
relation between dietary patterns and depression in a large
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population with repeated measurement of diet collected over
a long period of time before the beginning of the disease. In
addition, tour our knowledge, this was one of the first studies to
examine the association between dietary patterns and depression
prospectively. Future studies should further evaluate the role of
dietary behaviors and depression risk because they may affect the
development of depression as well as the role of potential me-
diators of this association.

In conclusion, in this large prospective study, we observed no
significant associations between long-term dietary patterns from
a factor analysis and new onset of depression. Although the study
was characterized by a 12-y follow-up period and multiple as-
sessments of diet and depression, more studies are needed to
understand these associations.
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