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Abstract
Background—Prior studies indicate that the biochemical alterations of depressive episodes
result in decreased serum zinc concentrations. Given these findings, it is plausible that consistently
low dietary zinc intakes contribute to depressive symptoms, yet epidemiological data are lacking.
The authors tested the hypothesis that low zinc intake is associated with depressive symptoms
using cross-sectional data from the population-based Boston Area Community Health survey
(2002–2005).

Methods—Dietary and supplement use data were collected by validated food frequency
questionnaire. Current depressive symptoms were assessed by the abridged validated Center for
Epidemiologic Studies Depression scale and analyzed using multivariate logistic regression,
adjusting for sociodemographic, health and lifestyle characteristics.

Results—Results showed an interaction (P=0.03) with gender, whereby zinc was associated with
depressive symptoms in women (N=2,163), but not men (N=1,545). Women with low dietary or
supplemental zinc intake were more likely to have depressive symptoms (e.g., dietary zinc quartile
1 vs. 4, OR=1.76, 95% CI: 1.26, 2.45; P-trend=0.004; supplemental zinc P-trend=0.03).
Associations were stronger among women using antidepressant medications (e.g., total zinc
OR=4.75, 95% CI: 1.98, 11.4; P-trend=0.0005).

Limitations—The cross-sectional, observational nature of the study leaves uncertain whether the
observed associations represent actual causal relationships between zinc intake and depressive
symptoms.

Conclusions—These findings suggest: (1) gender-specific pathophysiological mechanisms of
depression, (2) inadequate dietary zinc intake contributes to depressive symptoms in women, and
(3) supplemental zinc is a beneficial adjunct to antidepressant therapy in women. Additional
research on both men and women is needed to verify these novel findings. If confirmed by other
studies, the potential importance of adequate zinc intake is underscored by the recognized
limitations of pharmacotherapy for depression.
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INTRODUCTION
Depression is a critical problem and a leading cause of disability worldwide (WHO 2001).
In the U.S. alone, over 40 million people – roughly 1 in 5 adults – have depressive
symptoms, the majority of whom are not receiving treatment (Shim et al. 2011). Even
among those on antidepressants, a substantial proportion fail to achieve remission of
depressive symptoms (Mauskopf et al., 2009; Rush et al., 2006). A growing body of
evidence indicates a role for zinc in depression and the mechanisms of antidepressant
medications. Initially, clinical studies revealed that major depressive disorder was
accompanied by decreased serum zinc concentrations, which corresponded to the severity of
depressive symptoms, suggesting that depression alters zinc homeostasis (Little et al., 1989;
Maes et al., 1994; Maes et al., 1997; McLoughlin et al., 1990). Since then, various studies
have confirmed that serum zinc was significantly lower during acute depressive episodes,
and furthermore that levels were normalized after successful antidepressant
pharmacotherapy (Nowak et al., 2003; Siwek et al., 2010).

There are numerous mechanisms by which zinc may play a role in depression. Zinc is an
essential trace element found in abundance in the human brain where it acts as a
neuromodulator, and zinc is required to regulate numerous aspects of cellular metabolism,
including immune, antioxidant, transcription and replication functions (Bitanihirwe et al.,
2009). Plausible pathways that zinc may affect depression and be capable of antidepressant
function include NMDA receptor antagonism, inhibition of glycogen synthase-3β activity
(Ilouz et al., 2002), and increasing levels of brain-derived neurotrophic factor (BNDF)
(Bitanihirwe et al., 2009; Nowak et al., 2004). The mechanism most strongly supported by
experimental evidence for decreased serum zinc during depressive episodes is the activation
of inflammatory processes (Marcellini et al., 2008; Siwek et al., 2010; Szewczyk et al.,
2010). Significant associations between treatment-resistant depression, lower serum zinc
concentrations, and markers of the immune/inflammatory response (increased CD4+/CD9+
T-cell ratio, lower TSP, and lower serum Alb and Tf) suggest that lower serum zinc in
depressive disorders is a marker of a (sub)chronic immune/inflammatory response (Maes et
al., 1997).

To date, the presumed direction of the association is that biochemical alterations of
depressive episodes result in decreased serum zinc concentrations. However, it is plausible
that consistently low dietary zinc intakes could contribute to depressive symptoms by further
lowering available zinc and thereby adversely affecting numerous relevant biochemical
processes. A reasonable hypothesis is that zinc consumed through diet helps prevent or
mediate depressive symptoms. The latter notion has been supported by preliminary clinical
trials showing benefits of zinc supplementation on depressive symptoms. In small trial
(n=14) of patients with major depression beginning antidepressant treatment, zinc
supplements significantly promoted a reduction in depression rating scores (Nowak et al.,
2003). A study of mood states among young women found that zinc supplementation (7 mg/
d) plus multivitamin led to a significantly improved depression-dejection scores compared to
multivitamin alone (Sawada et al. 2010).

Epidemiological data in this research area are lacking. While laboratory studies elucidate
mechanisms and small trials support the utility of zinc supplements for depressive
symptoms, no large population-based studies have examined the role of zinc intake in
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relation to depressive symptoms in the general adult population. One study of older
European adults aged 60–84 y found that those with low dietary zinc intakes had lower
serum zinc concentrations and were more likely to have depressive symptoms (Marcellini et
al., 2006). A study of 46 female students aged 20–25 y in Iran showed that dietary zinc
intake, which was significantly correlated with serum zinc levels, was inversely correlated
with depressive symptoms (Amani et al., 2010). Neither study accounted for antidepressant
treatment, zinc supplement use, or other medical, lifestyle, or sociodemographic factors that
may have had a role in explaining the observed associations.

Our objective was to examine the association between dietary and supplemental zinc intake
and depressive symptoms in a large sample of women and men from the general population.
We use data from a racially/ethnically diverse population-based random sample survey
considering numerous lifestyle and medical characteristics as well as antidepressant and zinc
supplement use.

METHODS
Study Design and Population

We analyzed cross-sectional, observational epidemiological data from the Boston Area
Community Health (BACH) Survey, a population-based, random stratified cluster sample
survey (McKinlay et al., 2007). From 2002–2005, BACH recruited 2,301 men and 3,201
women aged 30–79 y from three racial/ethnic groups (Hispanic, non-Hispanic black, and
non-Hispanic white) to be representative of those in Boston, MA, USA. Data were obtained
during a 2-hour, in-person home interview by a trained phlebotomist-interviewer. All
participants provided written informed consent. The study was approved by the New
England Research Institutes’ Institutional Review Board.

The final sample size for this analysis was 3,708 total (2,163 women, 1,545 men). Excluded
were those who did not return the FFQ (615 women, 430 men), reported an implausible
daily energy intake (women: <600 or >3,500 kcal/day; men: <800 or >4,200 kcal/d) or
omitted ≥60 of the 103 dietary questions (423 women, 326 men). Compared to the larger
BACH sample, the resulting analytic sample had fewer Hispanics and more whites, but there
were no appreciable differences in gender, age, or BMI.

Dietary Assessment
Participants completed the English or Spanish SWAN 01/02 version of the 1995 Block FFQ
designed to ascertain diet from multiethnic populations (Block et al., 1986; Huang et al.,
2002). Both versions have been validated in various settings with moderate-to-high validity
and reliability (Block et al., 1986; Block et al., 2006; Boucher et al., 2006).

The FFQ asks respondents to provide data on their usual eating habits over the past year, by
marking frequency of consumption of over 100 core foods listed and their average serving
sizes, given photographs of food models. The FFQ also obtains data on vitamin and mineral
supplement use. Nutrient contents were computed based on values of the US Dept. of
Agriculture nutrient database for standard reference and data provided by manufacturers of
processed foods and supplements.

Depressive Symptoms Assessment
Depressive symptoms were assessed using the abridged Center for Epidemiologic Studies
depression scale (CES-D) (Turvey et al., 1999). The abridged CES-D consists of eight yes/
no questions. The presence of ≥5 depressive symptoms is an indicator of moderate-to-severe
depression (Turvey et al., 1999). This measure has been independently validated in a
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number of studies, including the Asset and Health Dynamics (AHEAD) study (Turvey et al.,
2009), and was found to have high internal consistency and convergent validity in the
BACH Survey data (unpublished data).

Ascertainment of Antidepressant Medication Use
A complete inventory of prescribed and over-the-counter medications was taken during the
home interview. Participants gathered all medications used within the past four weeks and
described any additional medications to the interviewer to record. Medication labels and/or
responses were coded using the Slone Drug Dictionary (Kelley et al., 2003), which classifies
into therapeutic class using a modification of the American Hospital Formulary Service
Drug Pharmacologic Therapeutic Classification System. Antidepressant drugs of interest for
this analysis included selective serotonin reuptake inhibitors (SSRIs) (e.g., fluoxetine),
selective serotonin norepinephrine reuptake inhibitors (SNRIs) (e.g., venlafaxine), serotonin
modulators (trazadone and nefazodone), buproprion, and tetracyclic antidepressants. An
indicator variable for “any antidepressant use” was created to identify participants
pharmacologically treated for depression; tricyclic antidepressants were not included
because they are often directly prescribed to treat urinary symptoms.

Statistical Analysis—Nutrient intakes were adjusted for total energy intake using
residuals (Willett et al., 1997). Participants were grouped into quartiles of daily intake of
zinc. To minimize the influence of outliers, linear tests for trend were assessed using the
median values of deciles of intake to represent the exposure of all participants in the same
decile. Supplement use of zinc in the past year was considered in three categories, reflecting
doses assumed from multivitamins (0.1–15 mg/d) or individual zinc supplements (>15 mg/
d), with non-users as the reference category.

We used logistic regression to calculate odds ratios (OR) and 95% confidence intervals (CI)
for the associations between zinc intakes and the primary outcome of depressive symptoms.
Preliminary analyses examined effect modification and interactions by gender, race/
ethnicity, antidepressant use, and polyunsaturated fat or magnesium intake. Multivariate
models were constructed by manually adding/removing factors that were associated with
both zinc and depressive symptoms, and retaining those that changed the estimate of
association >10% (see Table 2 footnote). We also considered the following factors in the
multivariate models, but did not include them because they did not affect the final results:
marital status, cancer, stroke, asthma, menopausal status, intakes of polyunsaturated fat,
magnesium and vitamin B6, and interactions between dietary zinc and polyunsaturated fat or
magnesium.

In additional analyses, we aimed to create treatment arms of a theoretical trial of women or
men with depression. For this purpose, we classified participants as having depression if
they had current symptoms (CES-D≥5) or currently used antidepressant medications. We
then created subgroups: (a) antidepressant use with low-to-moderate zinc intake (b)
antidepressant with moderate-to-high zinc intake (c) no antidepressant use with moderate-to-
high zinc intake, (d) no antidepressant use with low-to-moderate zinc intake. We repeated
these subgroups considering dietary, supplemental, and total zinc intakes. Median intake
levels were used to define moderate-to-high dietary (≥10.1 mg/d) and total (≥12.8 mg/d)
zinc, while standard doses in supplements were used to define moderate-to-high
supplemental zinc (≥15 mg/d). These subgroups were then analyzed as a class variable in
multivariate generalized linear regression models for the outcome of CES-D score.

All statistical tests were two-sided, performed at alpha=0.05, and conducted in SUDAAN v.
10.0 (Research Triangle Park, NC).
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RESULTS
Preliminary analyses revealed a statistically significant interaction by gender (P-
interaction=0.028). Therefore, all subsequent analyses were stratified by gender. Table 1
describes characteristics of men and women, overall and by depressive symptoms status.
Depressive symptoms were present in 15.9% of men and 23.5% of women, with a common
mean score of 6.3 (SEM=0.1) among those with ≥5 symptoms on the abridged CES-D.
Overall, 16.9% of women and 11.3% of men currently used antidepressant medications.
Among these antidepressant users, 43.5% of women and 42.5% of men had ongoing
depressive symptoms. SSRIs were the most commonly used antidepressants (used by 74.0%
of female antidepressant users, 66.1% of male).

Depressive symptoms were more common among Hispanics and participants with lower
socioeconomic status, higher BMI, lower physical activity, and other medical conditions
(chi-square P<0.05). Depression was not associated with total daily caloric intake, or
carbohydrates, fat, protein, or sodium intakes. Women and men consuming low levels of
dietary zinc were more likely to be of lower socioeconomic status, black race, and less likely
to use vitamin/mineral supplements.

Among women, dietary, supplemental and total zinc were significantly associated with the
presence of depressive symptoms (Table 2). Women in the lowest dietary intake quartile
were ~ 80% more likely to have depressive symptoms than those in the highest quartile, and
the odds of depression increased linearly with decreasing dietary zinc intake (Ptrend=0.004).
Similarly, women using supplemental zinc were less likely to have depressive symptoms
than non-users (Ptrend=0.03). Among men, there were no associations between dietary or
supplemental zinc intake and depressive symptoms, nor interactions between antidepressant
use and zinc in the likelihood of depression (P-interaction=0.44).

Interactions with Antidepressant Medication among Women
Among women, there was a statistically significant interaction between total zinc intake and
use of SSRIs (P-interaction=0.01) in the likelihood of depressive symptoms. As anticipated,
overall, SSRI users were more likely to have depressive symptoms than non-users (by
indication). However, the odds of ongoing depressive symptoms among SSRI users was cut
in half (OR=0.44, 95% CI: 0.24, 0.80; P=0.007) among users with moderate-to-high total
zinc intake (above the median 12.8 mg/day, OR=2.05, 95% CI: 1.28, 3.28; P=0.003),
compared to users with lower zinc intake (<12.8 mg/day OR= 4.01, 95% CI: 2.56, 6.29;
P<0.0001, data not shown). This interaction was driven by supplemental zinc intake (P-
interaction=0.008) more so than dietary zinc intake (P-interaction=0.36, see Table 2). No
statistically significant interactions were observed for use of SNRIs, tricyclic
antidepressants, antipsychotic medications, or any other antidepressants.

Figure 1 depicts the estimated change in depression symptom score by category of
antidepressant and/or zinc intake, among women with depression. Antidepressant users,
regardless of zinc intake, had lower CES-D scores (indicating fewer depression symptoms)
compared to women classified with depression but not using antidepressants. However,
compared to antidepressant users with lower zinc intake, antidepressant users with
moderate-to-high dietary or total zinc intake had significantly lower CES-D scores (total
zinc, β=−0.71, SEE=0.26, 95% CI: −1.22, −0.21; P=0.006).

DISCUSSION
In this population-based study, low dietary zinc intake was positively associated with
depression symptoms among women, but not men. Furthermore, the association was
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considerably stronger among women using SSRI antidepressants, whereby those with low
zinc intake were almost five times as likely to have ongoing depressive symptoms while on
treatment, compared to women with high zinc intake. The significant findings in women
were robust to consideration of numerous relevant sociodemographic and health
characteristics, and, among SSRI users, consistent for both dietary and supplemental sources
of zinc. Meanwhile, the lack of similar associations in men supports existing evidence of a
gender difference in both the presentation and pathophysiological mechanism of depression.

Numerous possible mechanisms have been implicated to explain associations between
decreased serum zinc during depressive episodes and antidepressant-like activity of zinc in
laboratory models. These include NMDA receptor antagonism, inhibition of glycogen
synthase-3β activity (Ilouz et al., 2002), increasing levels of brain-derived neurotrophic
factor (BNDF) (Bitanihirwe et al., 2009; Nowak et al., 2004), and mediation of
inflammatory pathways and oxidative stress (Marcellini et al., 2008; Siwek et al., 2010;
Szewczyk et al., 2010). As the precise mechanisms by which zinc affects mental health
remain under investigation, the possibility that supplemental or dietary zinc could prevent or
alleviate depressive symptoms in the general population has been largely unexamined.

Our results are consistent with findings from two prior epidemiological studies, showing
inverse associations between dietary zinc and depressive symptoms in restricted populations
of either older European adults (Marcellini et al., 2006) or young Iranian female students
(Amani et al., 2010). Addressing an important limitation of the current study, both of these
prior studies measured serum zinc concentration and found significant correlations between
dietary and serum measures. However, neither study adjusted for any potential confounders,
nor examined antidepressant medication use, zinc supplement use, or gender differences,
which we accomplished using comprehensive random sample survey data.

Our finding of a pronounced gender difference in the association between zinc intake and
depressive symptoms warrants further attention. Depressive symptoms are more prevalent in
women (Shim et al., 2011; Van de Velde et al., 2010), and numerous studies indicate gender
differences in clinical manifestations, treatment response, and neural or inflammatory
correlates of depression (Brummett et al., 2008; Dotson et al., 2009; Ma et al., 2011;
Piccinelli et al., 2000). One relevant factor may be the hormonal milieu (Kessler, 2003;
Kornstein et al., 2010; Piccinelli et al., 2000). Compared to men, women have significantly
lower serum zinc concentrations, which are further lowered if using oral contraceptives,
hormone therapy, or during the child-bearing years (Hotz et al., 2003; Prasad et al., 1975).
Preliminary clinical trials have shown that estrogen improves depressive symptoms or
accelerates the response to SSRIs (Rasgon et al., 2002; Rasgon et al., 2007; Schmidt et al.,
2000). Evidence suggests that estrogen facilitates serotonergic transmission in brain regions
involved in mood disorders, with significant physiologic brain changes in the right frontal
region (Morgan et al., 2007). Zinc administration has been shown to increase the density of
serotonin receptors in the frontal cortex (Cope et al., 2010). Just as studies indicate greater
efficacy of SSRIs in the presence of estrogen (Baca et al., 2004; Kornstein et al., 2000;
Rasgon et al., 2007; Thase et al., 2005), it is plausible that zinc intake has a similar greater
effect among women, particularly when combined with SSRI use. Thus, a possible
explanation for our findings of gender differences is that women have a heightened response
to antidepressant actions of zinc, which is further increased when they are also using SSRIs.
Another possible pathway for gender-specific effects may involve BDNF. Zinc has been
shown to increase cortical/hippocampal BDNF gene expression (Nowak et al., 2004; Sowa-
Kucma et al., 2008), resulting in increased BDNF similar to the effect of antidepressants.
Animal models have shown that loss of BDNF increases susceptibility for depression in
females, but not males (Autry et al., 2009; Monteggia et al., 2007); thus, a zinc-BDNF
pathway may be noticeably stronger in women.
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Apart from these speculative biological explanations for our observed gender differences, it
is possible that measurement error among men reduced our ability to assess associations
with zinc in men. Although the FFQ has been validated with acceptable validity and
reliability across various populations, one study found that the correlation coefficient for
zinc between FFQ and 24-hour recalls was lower among men (0.42) than women (0.58)
(Subar et al., 2001). Such measurement error would increase variability and dilute any
associations among men.

A limitation of the current analysis is the cross-sectional nature, which leaves uncertainty as
to whether the observed associations represent actual causal relationships between zinc and
depressive symptoms. It is possible that depression was accompanied by decreased appetite
and therefore decreased overall dietary intakes. However, our data showed that the total
caloric intake and intakes of major nutrients were similar between depressed and non-
depressed individuals. Regarding zinc supplements, their use is not accepted as standard
therapy for depression, and zinc is not marketed over-the-counter as a mental health
supplement. Furthermore, results of preliminary trials of zinc supplements and depression
were largely unpublished at the time of our data collection. Thus, it is unlikely that women
were using zinc supplements to help improve their mood, thereby alleviating concerns about
reverse causation. Rather than a limitation, a potential advantage of the cross-sectional
design here is that many of the hypothesized pathophysiological mechanisms are
appropriately evaluated by proximate measurement of zinc intake and depressive symptoms,
as has been shown by trials showing relatively immediate effects of supplemental zinc
(Nowak et al., 2003; Sawada et al., 2010; Siwek et al., 2010).

Among women, the observed interaction between zinc intake and antidepressant use is
consistent with preliminary trials showing the beneficial effects of zinc as an adjunct to
antidepressant therapy in treatment-resistant patients (Nowak et al., 2003; Szewczyk et al.,
2008). Our data indicated that among women receiving antidepressant therapy, ongoing
depressive symptoms were two to four times as likely among those with low zinc intake.
Among women not using SSRIs, dietary zinc remained associated with depressive
symptoms, albeit to a lesser extent, whereas supplemental zinc did not. Dietary zinc was also
more relevant than supplemental zinc for depressive symptom severity among the subgroup
of women classified as having depression (based on current symptoms or antidepressant
therapy). There, moderate-to-high dietary or total zinc intake further improved the
pronounced benefits of antidepressant therapy. One possible reason for the weaker
associations with supplemental zinc is measurement error; dose of supplemental zinc was
derived from standard doses in multivitamins and individual zinc supplements, rather than
recorded directly from the supplement label.

Strengths of this study include its racial/ethnic diversity, inclusion of a broad age range, and
unique community-based recruitment, which allowed us to avoid issues of diagnostic bias
and to study depressive symptoms among individuals without access to health care. Our
findings suggest that in the general female population, low dietary zinc intake may
contribute to depressive symptoms. Moreover, among women being treated for depression
with antidepressant medication, greater zinc intake may augment treatment response. Across
subgroup analyses, our results were consistent for dietary zinc, but less so for supplemental
zinc. As we examined only prevalent cases, longitudinal research is needed to determine
whether dietary zinc is relevant specifically for either the development or persistence of
depressive symptoms, or both. Additional research on both men and women is needed to
verify our findings of gender disparities. If confirmed by other studies, the potential
importance of adequate zinc intake is underscored by the recognized limitations of
pharmacotherapy for depression (Insel et al., 2009).
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Figure 1.
Adjusted change in CES-D score among 714 women with depression (depressive symptoms
and/or any antidepressant medication use). The reference group is antidepressant (AD) users
with lower zinc intake, and is represented by the vertical 0 line. Horizontal lines indicate the
95% CI for β estimates for change in CES-D score by dietary, supplemental, or total zinc.
Lower scores indicate fewer depressive symptoms. Statistically significantly fewer
depressive symptoms were reported among women combining higher dietary (P=0.02) or
total zinc (P=0.0055) with AD use, compared to women using AD alone. There was no
significant difference in CES-D score comparing the non-users of ADs by zinc intake
category in this sub-analysis (data not shown).
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