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Abstract

Backround—Inflammation is considered as a mechanism leading to depression, but the
association between inflammatory dietary pattern and depression risk is unknown.

Methods—Using reduced-rank regression, we identified a dietary pattern that was related to
plasma levels of inflammatory markers (C-reactive protein, interleukin-6, tumor necrosis factor a
receptor 2), and we conducted a prospective analysis of the relationship of this pattern and
depression risk among participants in the Nurses’ Health Study. A total of 43,685 women (aged
50-77) without depression at baseline (1996) were included and followed up until 2008. Diet
information was obtained from food frequency questionnaires completed between 1984 through
2002 and computed as cumulative average of dietary intakes with a 2-year latency applied. We
used a strict definition of depression that required both self-reported physician-diagnosed
depression and use of antidepressants, and a broader definition that included women who reported
either clinical diagnosis or antidepressant use.

Results—During the 12-year follow-up, we documented 2,594 incident cases of depression using
the stricter definition and 6,446 using the broader definition. After adjustment for body mass index
and other potential confounders, relative risks comparing extreme quintiles of the inflammatory
dietary pattern were 1.41 (95% confidence interval [Cl], 1.22, 1.63; P-trend <.001) for the strict
definition and 1.29 (95% Cl, 1.18, 1.41; P-trend <.001) for the broader definition of depression.
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Conclusions—The inflammatory dietary pattern is associated with a higher depression risk.
This finding suggests that chronic inflammation may underlie the association between diet and
depression.
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1. Introduction

Depression is a chronic and recurrent illness that affects more women than men, and about
20% of US women are affected during their lifetime (Kessler et al. 2003). Depression is
associated with leading causes of morbidity and mortality, including cardiovascular disease
(CVD), diabetes, and cancer (Musselman et al. 1998; Pan et al. 2011a; Spiegel and Giese-
Davis, 2003). As indicated in a recent literature review (Sanchez-Villegas and Martinez-
Gonzélez, 2013), depression shares common mechanisms (e.g. insulin resistance, higher
plasma homocysteine levels, and endothelial dysfunction, etc.) with cardiometabolic
disorders that could explain the link between these diseases. Inflammatory processes have
been also suggested as common link between depression and CVD, diabetes and cancer
(Howren et al. 2009). Proinflammatory cytokines may have an adverse effect on
neurotransmitters, and inflammatory status and endothelial dysfunction could impair the
expression of brain-derived neurotrophic factor (BDNF) (Sanchez-Villegas and Martinez-
Gonzélez, 2013). Current evidence indicates that diet could stimulate chronic inflammatory
diseases (Bosma-den Boer et al. 2012; Giugliano et al. 2006).

The traditional single-nutrient or food analysis in relation to chronic diseases is challenged
by several conceptual and methodological limitations (Hu 2002). Dietary pattern analysis,
which reflect different combinations of food intake, has emerged as a complementary
approach that better reflects the complexity of the diet and its relationship with disease risk
(Hu 2002). Therefore, it is also important to consider the overall diet relationship with
depression risk, and not only isolated nutrients or foods. To date, only five cohort studies
have evaluated the associations between patterns and depression risk. Sanchez-Villegas et al.
(Sanchez-Villegas et al. 2009) noted a lower incidence of depression with higher scores on a
Mediterranean diet score in the Seguimiento Universidad de Navarra (SUN) cohort.
Through the principal component analysis (PCA) among the Australian Longitudinal Study
on Women’s Health (ALSWH), Rienks et al. (Rienks et al. 2013) observed that a
Mediterranean-style dietary pattern was associated with a lower incidence of depressive
symptoms. Using PCA and data of the Whitehall 11 prospective cohort, Akbaraly et al.
(Akbaraly et al. 2009) noted a higher odds of depressive symptoms with a “processed food
pattern”. Using PCA and data of the GAZEL cohort, Le Port et al. (Le Port et al. 2012)
reported that healthy and traditional patterns were associated with lower risk of depressive
symptoms in women. However, in our recent analyses among women in the Nurses’ Health
Study (NHS), no significant association was found between dietary Prudent (high in fruits,
vegetables, legumes, fish, poultry, and whole grains) and Western pattern (high in red and
processed meats, sweets and desserts, french fries, and refined grains) scores (using PCA)
and depression risk (Chocano-Bedoya et al. 2013).

The reduced rank regression (RRR) is an alternative empirical approach to generating
dietary patterns that may be better predictors of disease (Hoffmann et al. 2004). Unlike
analyses using PCA or factor analysis, which derive dietary patterns based on covariance
among foods, the RRR method uses information on biomarkers to derive dietary patterns. To
our knowledge, no previous study has examined the association between inflammation
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prone dietary patterns (RRR derived) and depression risk. Here we first derived a dietary
pattern that was associated with selected inflammatory biomarkers and then conducted a
prospective analysis to determine the relationship of this inflammatory dietary pattern (IDP)
with depression risk among participants of the NHS.

2. Methods and Materials
2.1 Study Population

The NHS is a prospective cohort of 121,700 U.S. female registered nurses aged 30 to 55
years at enrollment in 1976. Every 2 years, participants provide updated information, via
mailed questionnaires, about lifestyle, medical history and newly-diagnosed medical
illnesses. Women were first asked to report their use of antidepressants in 1996 and their
history of physician-diagnosed depression in 2000. A total of 97,103 women completed one
of the 1996, 1998, or 2000 questionnaires. To examine prospectively the relation of IDP to
depression, we excluded from the analyses those women who could have had depression
before 1996. This group included 36,225 women with an incomplete depression history (i.e.
those who did not report their depressive status in 1996i.e. those who did not report their
depressive status in 1998, or 2000, or did not return or answer the 1992 or 1996 Mental
Health Index (MHI-5) questionnaires (Berwick et al. 1991; Yamazaki et al. 2005), a 5-item
subscale of the Short-Form 36 Health Status Survey), as well as women who reported in
1996 using antidepressants (n=2,052) or had a physician-diagnosed episode of depression in
1996 or before (n=3,445), or with an unknown start date (n=198), or reported severe
depressive symptoms (score <52) on the 1992 (n=2,374) or 1996 (n=2,271) MHI-5
questionnaire. Thus, a total of 50,538 women were considered depression-free in 1996,
comprising the baseline population for the current analyses. Further excluding those who
had missing values for IDP (N=6,853), the final 1996 baseline population included in the
IDP and depression analyses comprised 43,685 women.

The study protocol was approved by the Institutional Review Boards of Brigham and
Women’s Hospital and the Harvard School of Public Health.

2.2 Assessment of Exposure

The dietary variables were assessed using validated semiquantitative food-frequency
questionnaires (FFQs) (Willett et al. 1985). In 1984, 1986 and every 4 years since, an
expanded 131-item FFQ were sent to participants. Women were asked how often they had
consumed a commonly used unit or portion size of each food on average during the previous
year, with 9 possible frequency responses ranging from “never” to “more than 6 times a
day.” Food items were aggregated into 39 food groups on the basis of nutrient profiles and
culinary usage (Hu et al. 1999). We included each type of alcoholic beverage (wine, liquor,
beer) separately as food groups in factor analysis. Vitamin and mineral supplements were
not included in the patterns. The validity and reproducibility of the FFQ have been evaluated
before in a subgroup of participants using four one-week long diet records completed during
the previous year and repeated FFQs one year apart (Salvini et al. 1989; Willett et al. 1985).

2.3 Case Ascertainment

We used two definitions for depression, a strict definition that required both self-reported
physician-diagnosed depression and regular antidepressant use (i.e. used regularly in the past
2 years), and a broader definition that included women who reported either clinical

diagnosis or regular antidepressant use. In 2000, participants were asked to report the year of
their first episode of physician-diagnosed depression (1996 or before, 1997 or before, 1998
or before, 1999, or 2000). Thereafter, this information was updated biennially through 2006.
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Regular antidepressant medication use was first asked in 1996 and then biennially updated
through 2006. Hence, the 1996 questionnaire cycle was considered as baseline.

2.4 Covariate Assessment

Demographic, lifestyle, behavior, and comorbidity information were collected using the
standardized questionnaires mailed to the participants. In the baseline questionnaire (1996),
we requested information about age, weight and smoking, menopausal status and use of
postmenopausal hormone therapy, and previously diagnosed medical conditions. This
information has been updated in the biennial follow-up questionnaires. Marital status and
retirement were obtained at baseline (1996) and updated in 2000 and 2004. Education levels
of the nurses (registered nurses, bachelor, master and doctorate), and their husband (<high
school, high school, college graduate school, graduate school), and ethnicity (White, Black,
Amerindian and Hawaiian, Asian) were measured in 1992. Participants were asked to report
the hours spent per week on moderate (e.g., brisk walking) and vigorous (e.g., strenuous
sports and jogging) exercise, and then the total hours of metabolic equivalent tasks per week
(METh/wk) were estimated on the basis of the MET score assigned to each activity. Mental
health at baseline was assessed using the MHI-5 score, a subscale of the SF-36 Health Status
Survey.

2.5 Laboratory Procedures

Between 1989 and 1990, 32,826 women free of diagnosed diabetes, ischemic heart disease,
stroke, or cancer provided fasting blood samples in heparin-containing tubes. Women
shipped their blood samples overnight in an icepack provided by the study and completed a
questionnaires which included information of time of blood draw, weight, and medication
use among others. Upon arrival, blood samples were aliquoted into plasma, white blood
cells, and red blood cells components and stored in liquid nitrogen freezers with an
electronic alarm system; the majority of samples arrived for processing within 24 hours of
draw. Blood levels of the inflammatory markers C-reactive protein (CRP), interleukin-6
(IL-6), and tumor necrosis factor o (TNFa) receptor 2 have been measured in subsets of the
population (overall 12,188 participants) for 16 nested case-control studies and in one
validation study, where all cases occurred after 1990. From the aforementioned studies, we
used the data of 4,692 participants who had complete measures on the three inflammatory
biomarkers and dietary intakes in 1986-1990.

CRP concentrations were measured by use of a high-sensitivity latexenhanced
immunonephelometric assay on a BN Il analyzer (Dade Behring, Newark, DE). IL-6 was
measured by a quantitative sandwich enzyme immunoassay technique (Quantikine HS
Immunoassay kit; R&D Systems, Minneapolis). As most of the TNFa had likely degraded
after shipping and processing, plasma concentrations of of soluble fractions of tumor
necrosis factor a receptor 2 (STNFR2) was measured instead of TNFa using a quantitative
sandwich ELISA assay from R & D Systems. Levels of inflammatory markers were found to
be reproducible within subjects over time (Pai et al. 2002; Pai et al. 2004). CRP and
STNFR2 stability was assessed in 17 fresh blood samples from the NHS, at baseline, and
after a delay in shipping of 24 hours and 36 hours, and the intraclass correlation coefficient
(ICC) was >75% for the comparison of 0 to 36 hours (Pai et al. 2002). The interassay
coefficients of variation for each analyte were as follows: 1.6-3.0% for CRP, 0.07-6.1% for
IL-6, and 4.9-11.6% for STNFR2.

2.6 Statistical Analysis

2.6.1 Assessment of components of the IDP—To determine components of the IDP,
we used the data of 4,692 participants who had complete measures on the three
inflammatory biomarkers, in which we calculated the mean intake from the 1986 and 1990
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FFQs for the 39 food groups to reduce random within-person variation and best represent
long-term diet (Hu et al. 1999) (Supplementary Table 1). We subsequently applied the RRR
to derive the IDP. The RRR identifies linear functions of predictors (e.g., the 39 food
groups) that explain as much response (e.g., inflammatory biomarkers such as CRP, IL-6,
STNFR2) variation in as possible. The first factor obtained by RRR was retained for
subsequent analyses because it explains the largest amount of variation among the
biomarkers. A more detailed description of the RRR method, including the SAS code and its
application in nutritional epidemiology, can be found elsewhere (Hoffmann et al. 2004).
Thereafter, we identified the more important component foods of the RRR pattern by
stepwise linear regression with a significance level of P < .05 for entry into and staying in
the model. Finaly, the IDP score was then calculated as the linear combination of these
standardized component food items (Schulze et al. 2003), where a higher score indicates a
more inflammatory diet. Pearson correlation coefficients were used to evaluate associations
between IDP score and associated food groups with inflammatory biomarkers.

2.6.2 Prospective analysis of the IDP score—To determine the relationship of the
IDP score with depression risk, we conducted a prospective analysis among 43,685 women
free from depression or severe depressive symptoms at baseline (Supplementary Table 1).
To calculate the IDP score, we used the cumulative average of food items starting in 1984
up to a 2 to 4 year lag period before the follow-up period ended. For example, the
cumulative average of intakes of 1984 through 1994 was used to predict depression episode
in 1996-1998, consumptions of 1984 through 1998 for 2000-2002 follow-up period, and so
on. For all women, the IDP score was calculated as the linear combination of standardized
component food items identified in the subset of the population (n=4,692).

Cox proportional hazards models, stratified on age in months and questionnaire cycle, were
used to estimate the relative risks (RR) and their 95% confidence intervals (95% Cls) of
developing depression for each quintile of IDP score. In the multivariate model, we further
adjusted for BMI (kg/m?), total energy intake (Kcal/day), smoking (never smoked, past
smoker 1-24 cig./d, past smoker =25 cig./day, current smoker 1-24 cig./day, current smoker
=25 cig./day), physical activity (MET-h/wk in quintiles), menopause status and hormone
replacement therapy (HRT) (postmenopause never use HRT, postmenopause past use HRT,
postmenopause current use HRT, postmenopause unknown use HRT, premenopause),
marital status (married/partnership, widowed, separated/divorced/single), retired (yes/no),
education (registered nurses, bachelor/master/doctorate), husband’s education (<high school,
=high school), ethnicity (White, Black/Amerindian/Hawaiian/Asian), multivitamin use (yes/
no), self-reported diagnosis of cancer, high blood pressure, hypercholesterolemia, heart
disease (myocardial infarction or angina), and diabetes (all binary), and MHI-5 score at
baseline (continuous). In the sensitivity analysis of multivariate model, we further adjusted
for alcohol (g/day) and thereafter for caffeine (mg/day), because we previously reported a
decrease depression risk with caffeine (Lucas et al. 2011). We used the cumulative average
for the potential confounders BMI (since 1996), physical activity (since 1986), total energy
intake, alcohol and caffeine intake (since 1984). Other dichotomous or categorical covariates
were updated during follow-up by using the most recent data for each 2-y follow-up interval.
The significance of linear trends across quintiles of the IDP score was tested by assigning
each participant the median value for the quintile and modeling this value as a continuous
variable. Finally, we assessed whether the relationship between IDP and depression varied
by obesity (BMI <30 vs. =30), smoking status (never vs. ever), and presence (yes or not) of
comorbidities (heart disease or diabetes) at baseline by including their multiplicative terms
in the multivariable Cox models and applying the likelihood ratio test with a cutoff point .
05.
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3.1 Results

We identified a dietary pattern with the RRR method that was positively correlated with all
inflammatory biomarkers (see Table 1). Pearson correlation coefficients for the IDP score
were 0.15 for STNFR2 (P<.001), 0.18 for IL-6 (P<.001) and 0.23 for CRP (P<.001). The
pattern represented a diet relatively high in sugar-sweetened soft drinks, refined grains, red
meat, diet soft drinks, margarine, other vegetables, and fish but low in wine, coffee, olive
oil, green leafy and yellow vegetables. All food groups were significantly correlated with
diet pattern score. With the exception of other vegetables and fish, all food groups were
significantly correlated with at least two inflammatory markers. Geometric mean biomarker
concentrations increased across the quintiles of diet pattern; the difference between the 5th
and 1st quintiles was 203 pg/mL (8.6%) for STNFR2, 0.3 pg/mL (21.2%) for IL-6, and 0.75
mg/L (49.7%) for CRP (Fig. 1).

Participant characteristics according to quintiles of IDP score are presented in Table 2.
Compared with women in the lowest quintile, those in high scores of the IDP were more
likely to be never smoker, nonwhite, to have a husband with less than high school-level
education, and to have a higher BMI, total energy intake, and prevalence of high blood
pressure, hypercholesterolemia, heart disease, and diabetes. Women with high scores on IDP
were also less physically active, less frequent users of multivitamins, and had a lower intake
of caffeine and alcohol.

Among the 43,685 women who were free from clinical depression or severe depressive
symptoms at baseline, we documented 2,594 incident cases of depression using the stricter
definition and 6,446 using the broader definition, during the 12-year follow-up (1996-2008).
A dose-response relationship between IDP and depression risk was noted for both stricter
and broader definition with an age-adjusted model (P-trend <.001, see Table 3). These
gradients became slightly attenuated after further adjustment for BMI and other all
covariates. Similar gradients, but slightly lower, were noted when we ran our multivariate-
model for the broader definition of depression. Findings remained essentially unchanged
after further adjustment for alcohol and caffeine. The RRs comparing extreme quintiles of
the IDP were 1.41 (95% Cl, 1.22, 1.63; P-trend <.001) for the strict definition and 1.29
(95% Cl, 1.18, 1.41; P-trend <.001) for the broader definition of depression. The effect of
IDP score on depression risk (strict definition) was not modified by obesity (BMI <30 vs.
>30) (P-interaction = .86), smoking status (never vs. ever) (P-interaction = .54), and
diseases (heart disease, diabetes) (yes or no) (P-interaction = .45) (data not shown).

4. Discussion

In this large prospective cohort of middle-age and older women free from depression or
severe depressive symptoms at baseline, we used an empirical statistical method to derive a
diet pattern score that was associated with markers of inflammation, and observed that
depression risk increases with increasing score of this IDP. These observations suggest that
the association between dietary factors and depression may be mediated in part by
inflammation. Our study is the first to investigate depression risk of a dietary pattern
associated with inflammatory biomarkers.

Most previous studies that investigated the relationship between dietary pattern and
depression were cross-sectional (Jacka et al. 2010; Kuczmarski et al. 2010; Nanri et al.
2010; Samieri et al. 2008) and thus were unable to determine whether a dietary pattern
affects depression or vice-versa. To date, only five other prospective studies have analyzed
the role of dietary patterns in depression (Akbaraly et al. 2009; Chocano-Bedoya et al. 2012;
Rienks et al. 2013; Sanchez-Villegas et al. 2009). Through the use of “a priori” approach, a
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higher adherence to the Mediterranean dietary pattern was associated with a lower
depression risk in the SUN cohort (Sanchez-Villegas et al. 2009). Using PCA among
participants of the Whitehall Il cohort, Akbaraly et al. (Akbaraly et al. 2009) noted that
those in the highest tertile of processed food pattern had a higher risk of depressive
symptoms (multivariate odds ratio (OR) = 1.69; 95% Cl, 1.10, 2.60), compared to the lowest
tertile. Using PCA among participants of the ALSWH, Rienks et al. (Rienks et al. 2013)
observed that women in the highest quintile of the Mediterranean-style dietary pattern had a
lower incidence of depressive symptoms (multivariate OR = 0.63; 95% Cl, 0.47, 0.85),
compared to the lowest quintile. After exclusion of participants with significant depressive
symptoms at baseline, no significant associations between the healthy pattern and depressive
symptoms were observed by Le Port et al. (Le Port et al. 2012), but the protective effect of
the traditional pattern remained significant. Among NHS participants, we recently
conducted analyses of PCA defined dietary patterns (Prudent and Western pattern) in
relationship with depression risk (Chocano-Bedoya et al. 2013). Using the strict and broad
definitions of depression, no significant association was found between the highest quintile
of Prudent pattern (multivariate RR = 1.05; 95% Cl, 0.91, 1.20) or Western pattern
(multivariate RR = 1.05; 95% ClI, 0.89, 1.23), compared to the lowest quintile of each
dietary pattern score (Chocano-Bedoya et al. 2013). In contrast with these four previous
cohort analyses, the present study uses information on inflammatory biomarkers to derive
the dietary pattern. The advantage of the RRR approach as opposed to PCA approach is that
the derived dietary pattern incorporates information on biological pathways instead of being
driven by patterns of eating behavior (Hoffmann et al. 2004).

In our study, we selected inflammatory markers that have been previously associated with
depression (Howren et al. 2009). Although pro-inflammatory cytokine secretion increases in
depression, and exposure to cytokines induces depressive symptoms and some
antidepressant drugs have anti-inflammatory properties (Dantzer et al. 1999), it is not clear
whether the association of inflammation and depression is causative or not (Belmaker and
Agam, 2008; Dantzer et al. 1999). However, a meta-analysis suggests that inflammation and
depression relationship might be bidirectional (Howren et al. 2009). The etiology of
depression is complex and involves several factors, and many mechanisms have been
proposed (Belmaker and Agam, 2008; Krishnan and Nestler, 2008). Cytokines might
contribute to the development of depression by several pathophysiological mechanisms
(Miller et al. 2009). Inflammation is a common link that is shared among many chronic
conditions such as CVD, obesity, diabetes and cancer (Aggarwal et al. 2006; Giugliano et al.
2006; Hotamisligil 2006; Hu et al. 2004), which are also risk factors for depression
(Musselman et al. 1998; Pan et al. 2011a; Spiegel and Giese-Davis, 2003). However, the
relationship of our dietary pattern with depression did not seem to be mediated through these
chronic diseases because our results were not altered when we adjusted for the occurrence of
diseases during follow-up.

Diet could stimulated chronic inflammatory diseases (Bosma-den Boer et al. 2012) and
some foods that we identified have been associated with inflammation (Galland 2010;
Giugliano et al. 2006). Indeed, we previously identified similar proinflammatory-diet
pattern, which has been associated with an increased risk of diabetes among NHS and NHS2
(Schulze et al. 2005). Refined grains and sugar-sweetened soft drinks, which have been
associated with obesity and diabetes risks, contribute importantly to glycemic load (Liu et al.
2002) and could increase susceptibility to the development of chronic inflammation (Bosma-
den Boer et al. 2012). Red meat has been associated with biomarkers of inflammation
(Azadbakht and Esmaillzadeh, 2009; Montonen et al. 2013), and increased risks of diabetes
(Pan et al. 2011b), CVD and cancer mortality (Pan et al. 2012a), and depression (Sanchez-
Villegas et al. 2009). In a previous analysis of NHS data, we did not find any significant
relationship between fish, neither fatty fish nor long-chain omega-3 intake with depression

Brain Behav Immun. Author manuscript; available in PMC 2015 February 01.



1dussnuein Joyny vd-HIN 1duosnueln Joyny vd-HIN

1duosnuey JoyIny vd-HIN

Lucas et al.

Page 8

(Lucas et al. 2011b). These findings are also consistent with a recently published meta-
analysis of 13 randomized, double-blind, placebo-controlled trials, that concluded that long-
chain omega-3 supplementation had neither statistically nor clinically significant impacts on
depression symptom severity (Bloch and Hannestad, 2012). Moreover, a recent systematic
review indicates that long-chain omega-3 (0.9 to 2 g/d) do not change inflammatory
biomarkers in healthy subjects (Rangel-Huerta et al. 2012). It is also possible that fish or
long-chain omega-3 intake of our population is insufficient to note substantial beneficial
effect.

In a previous analysis of NHS, we noted that depression risk decreases with increasing
caffeinated coffee or caffeine consumption, but not with decaffeinated coffee (Lucas et al.
2011a). In the present analysis, diet pattern relationship with depression does not seem to be
mediated through caffeine intake because when we adjusted for caffeine intake our results
were not altered. This might be explained by the fact that caffeinated coffee contribute to
82% of caffeine intake (Lucas et al. 2011a). However, studies on the relationship between
coffee consumption and inflammatory biomarkers have yielded inconsistent results (Lopez-
Garcia et al. 2006). Studies on the relationship between longitudinal assessment of total
alcohol intake and depression are scarce, but recent observations from the SUN cohort
indicate a U-shaped risk relationship among women only (Gea et al. 2012). Lower levels of
systemic inflammatory markers have been observed in moderate alcohol drinkers, compared
to non-drinkers and heavy drinkers (Imhof et al. 2004). Evidence also suggests that both
ethanol (Imhof and Koenig, 2003) and nonalcoholic compounds (Sacanella et al. 2007) (e.g.,
polyphenols of wine) appear to contribute to the potential anti-inflammatory effects of
alcoholic beverages. Olive oil, a major component of Mediterranean diet, could partly
explain Mediterranean diet beneficial effect in depression (Kyrozis et al. 2009; Sanchez-
Villegas et al. 2011). However, very few studies suggest that oleic acid, a monounsaturated
fatty acid, has anti-inflammatory effects (Basu et al. 2006), but extra-virgin olive oil has
phenolic compounds that has anti-inflammatory activities (Cicerale et al. 2012).

Obesity is known to induce a chronic low-grade inflammation state (Hotamisligil 2006).
Excess body fat may explain the associations between food groups in our dietary pattern and
inflammatory markers. Therefore, it is possible that weight gain is one potential pathway by
which the dietary pattern is associated with inflammation and depression risk. However, in a
previous analysis of NHS, we found that obesity was associated with a modestly increased
depression risk and overweight was not significantly associated with depression, compared
to normal weight women (Pan et al. 2012b). Moreover, the association between IDP and
depression risk remained significant after adjustment for BMI.

The major strengths of this study include its large sample size, prospective design, updated
covariates, and long term measurement of dietary intakes, which relied on the use of
validated FFQ administered 6 times over a period of 18 years. Indeed, other cohorts
(Akbaraly et al. 2009; Rienks et al. 2013; Sanchez-Villegas et al. 2009) completed only 1
baseline FFQ as a measure of exposure. This approach is less accurate than ours as it
assumes that dietary intake measured once at baseline is representative of usual diet that
remains unchanged for the entire follow-up period. Another advantage is the efficient use of
measured biomarkers in a subset of the population to predict the IDP in a large number of
nurses. This study also has limitations and the results should thus be interpreted with
caution. First and foremost, because of the observational design, neither this nor previous
investigations can prove that IDP reduces or increases depression risk, and it remains
possible that individuals with higher scores on IDP have lower depression risk for reasons
other than dietary component. Only the top quintile of the IDP is significantly associated
with higher depression risk, which might suggest that these women have some unique
characteristics (e.g., poorer health status) not related to their diet that may explain the
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association. It is also possible that IDP and inflammation relationship may be explained by
uncontrolled confounders. Residual confounding cannot be ruled out despite adjustment.
The major limitation of RRR approach is that it requires responses variables (biomarkers)
which may not reflect the current state of knowledge. Indeed, many factors have been
involved in the pathogenesis of the depression, and other pathways than inflammation may
also be relevant in the evaluation of dietary pattern and depression risk (Belmaker and
Agam, 2008; Krishnan and Nestler, 2008). Even after adjustment for social factors, such as
ethnicity, marital status, and education, our results were not significantly altered. However,
we can not exclude the possibility of co-occurrence of psychosocial characteristics with diet
and depression.

Reverse causation is another concern in most epidemiological studies. To minimize bias
from this source, we excluded, at baseline, 10,340 women with severe depressive symptoms
at baseline, and we computed the cumulative average of dietary inatkes with at least 2-year
latency; yet, we cannot exclude the possibility that presence of subsyndromal depressive
symptoms were the common reason for some dietary consumption and incident depression.
Therefore, we adjusted for continuous MHI-5 score at baseline, which importantly would
incorporate symptoms scores of any participants with subclinical depressions; yet,
associations were unchanged. Finally, because our analysis was realized among middle-age
and older women, generalization of the results to younger women and male populations is
limited.

In conclusion, our results among this large cohort of women indicate that the IDP was
associated with increased risk of developing depression. These results suggest that chronic
inflammation may underlie the relationship between diet and depression.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Geometric mean concentrations and 95% Cls of C-reactive protein (CRP) (a), interleukin-6
(IL-6) (b), and soluble tumor necrosis factor a receptor 2 (STNFR2) (c) by quintiles of diet
pattern score adjusted for age and BMI (continuous).
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Table 1

Pearson correlations between diet pattern score and associated food groups with biomarkers of inflammation,
Nurses’ Health Study (n=4,692)

Pear son correlation with biomarkers?
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Pattern and food groups Pearson correlation with diet pattern score  sSTNFR2 IL-6 CRP
Diet pattern score 1.00 0.15°** 0.18*™* 0.23***
Food groupsP
Positive associations
Sugar-sweetened soft drinks 0.39** 0.05™** 0.09°** 0.08"*"
Refined grainsC 0.36""" 0.04"* 0.08"** 0.08"**
Red meat 033" 0.01 0.07""" 0.09""*
Margarine 026" 0.04" 0.04™ 0.06™""
Diet soft drinks 0.23** 0.01 0.05* 0.06%**
Other vegetablesd 0.10"" 0.01 -0.001 0.04™
Fish 0.06"** 0.0003 -0.02 0.04™*
Negative associations
Wine -0.48""* -010™"  -007"" 010"
Coffee® -0.45""" -008""  -006""  -010"""
Olive oil -0.23""* -004™ 005" -0.04""
Green, leafy vegetablesf -0.21"** -0.05"** -0.05"** -0.02
Yellow vegetables9 -0.15"** -0.03" -0.05"** -0.004

STNFR2, soluble tumor necrosis factor a receptor 2; IL-6, interleukin 6; CRP, C-reactive protein.

a_.
Biomarkers were log transformed.

*
P <.05

*

*
P<.01

*%

*
P <.001.

Food groups were identified through the use of stepwise regression with P < .05 for inclusion and exclusion and by modeling the biomarkers
response score as the dependent variable.

CRefined grains include white bread, English muffins, bagels or rolls, muffins or biscuits, white rice, pasta, pancakes or waffles.
dOther vegetables include corn, celery, mushrooms, green pepper, eggplant, summer squash, and mixed vegetables.

eCoffee includes caffeinated and decaffeinated coffee.

fGreen, leafy vegetables include Spinach, iceberg or head lettuce, romaine or leaf lettuce.

gYellow vegetables include carrots, yellow (winter) squash, yams.
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