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Objective: Although intake of minerals has been suggested to be beneficial against depression,
epidemiologic data from free-living settings are limited. The aim of this study was to determine the
cross-sectional associations between the intake of magnesium, calcium, iron, and zinc and the
prevalence of depressive symptoms in Japanese employees.

Keywords: Methods: Participants were 1792 men and 214 women ages 19 to 69 y. Dietary intake was assessed
g :eetression using a validated, brief self-administered diet history questionnaire. Participants with depressive
EpiI:iemiology symptoms were defined as those with a scale score of >16 on the Center for Epidemiologic Studies
Japanese Depression Scale.
Minerals Results: The prevalence of depressive symptoms was 27.8%. Intakes of magnesium, calcium, iron,
and zinc were inversely associated with the prevalence of depressive symptoms. The multivariate
adjusted odds ratios (95% confidence interval) of having depressive symptoms were 0.63 (0.44-
0.91), 0.64 (0.47-0.88), 0.59 (0.40-0.87), and 0.63 (0.45-0.87) in the highest versus lowest tertiles
of magnesium, calcium, iron, and zinc, respectively.
Conclusion: Results suggest that higher dietary intake of magnesium, calcium, iron, and zinc is
associated with lower prevalence of depressive symptoms in Japanese employees.
© 2015 Elsevier Inc. All rights reserved.
Introduction reduction in work productivity and quality of life, as well as an

increase in mortality [1]. An emerging body of evidence suggests

Depression is a common mental health problem in the gen-
eral population and causes great loss to society with respect to
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that dietary factors are associated with the emergence of
depressive symptoms; however, to our knowledge, relatively few
studies have focused on these associations in free-living settings,
especially in terms of mineral intake [2].

Several hypothesized mechanisms have been proposed to
explain the associations between mineral intake and prevalence
of depression. Minerals, including magnesium, calcium, iron, and
zing, are essential to many brain coenzyme systems and might be
responsible for the full activation of enzymes that synthesize
mood-regulating neurotransmitters [3]. Previous population-
based studies showed that dietary zinc intake was inversely
associated with depressive symptoms [4-8]; however, findings
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for magnesium, calcium, and iron were inconsistent [4,9-15].
With regard to the association between magnesium intake
and depressive symptoms, most [4,9,10] but not all [11]
cross-sectional studies reported an inverse association, whereas
one prospective study failed to confirm any association [12].
Regarding calcium intake, one study [11] found an inverse asso-
ciation with depressive symptoms, but two others [13,14] showed
no associations between the two. Regarding iron intake, one
study [15] showed an inverse association with depressive
symptoms, but another [13] found no significant association.
These studies [4-6,8-15], however, did not consider other
potentially important nutrients for mood, such as folate, vitamin
C, vitamins Bg and B3, and w-3 polyunsaturated fatty acids [ 14,
16-18], and some were relatively small in size (population
<500 participants) [5,6,10,11,14]. Furthermore, diet habit differs
markedly between Eastern and Western populations, and some
data showed a lower mineral intake (magnesium, calcium, and
iron) in Japanese populations compared with those in the United
Kingdom and the United States [19]. Epidemiologic evidence on
mineral intake and depression is scarce in East Asia [11,14,15];
therefore, we conducted cross-sectional examination of the as-
sociation of magnesium, calcium, iron, and zinc intakes with
prevalence of depressive symptoms in Japanese employees.

Materials and methods
Study design and participants

As part of the Japan Epidemiology Collaboration on Occupational Health
Study, the Furukawa Nutrition and Health Study, a nutritional epidemiologic
survey, was conducted at the time of the periodic health examination among
workers of a manufacturing company and its affiliates in Chiba and Kanagawa
Prefectures, Japan, in April 2012 and May 2013. Before the health checkup, 2800
workers were asked to participate in the survey and fill out two types of survey
questionnaires (one specifically designed for diet and another for overall health-
related lifestyle). Of these, 2162 employees (1930 men and 232 women, ages 18-
70 y) participated in the survey (response rate: ~77%). On the day of the health
checkup, research staff checked questionnaires for completeness and, where
necessary, clarified responses with the participants.

We obtained health checkup data, including results of anthropometric and
biochemical measurements and disease history. The protocol of the study was
approved by the ethics committee of the National Center for Global Health and
Medicine, Japan, and the secondary analysis of the data (the Furukawa Nutrition
and Health Study) was approved by the ethics committee of the University of
Tokyo. Written informed consent was obtained from each participant.

We excluded 100 participants with a history of cancer (n = 20), cardiovas-
cular diseases (n = 25), chronic hepatitis (n = 2), kidney disease including
nephritis (n = 11), pancreatitis (n = 3), and mental disorder including depression
and neurotic disorder (n = 45). Some participants had two or more conditions for
exclusion. These participants were excluded because such diseases might affect
dietary habits or depressive symptoms and may cause reverse causality. Of the
remaining 2062, we further excluded 11 individuals who did not return the study
questionnaire and 33 who had missing data on outcome and covariates used in
the present analysis. We additionally excluded 12 participants with outliers,
where total energy intake was more than mean 4 3 SDs, leaving 2006 partici-
pants (1792 men and 214 women) for analysis.

Dietary intake

Dietary habits during the preceding 1-mo period were assessed using a
validated brief self-administered diet history questionnaire (BDHQ) [20] con-
sisting of five sections:

—_

. Intake frequency of 46 food and nonalcoholic beverage items;

. Daily intake of rice and miso soup;

3. Frequency of alcoholic consumption and the amount of consumptions for
five alcoholic beverages per typical drinking occasion;

4. Usual cooking method; and

. General dietary behavior.

N

w

Dietary intake for energy and selected nutrients, such as magnesium, cal-
cium, iron, and zinc, were estimated using an ad hoc computer algorithm for the

BDHQ [21], with reference to the Standard Tables of Food Composition in Japan
[22,23]. According to the validation study of the BDHQ using 16-d weighted di-
etary records as the gold standard, Pearson correlation coefficients in 92 women
(31-69 y old) and 92 men (32-76 y old) for energy-adjusted intake of magne-
sium, calcium, iron, and zinc were 0.56 and 0.59, 0.51 and 0.66, 0.53 and 0.57, and
0.32 and 0.43, respectively [20]. Because only a small number of participants
(6.7%) used dietary supplements at least weekly (calcium, iron, and other sup-
plements), the amount of mineral intake from dietary supplements was not
incorporated into each dietary mineral intake.

Depressive symptoms

Depressive symptoms were assessed using the Japanese version [24] of the
Center for Epidemiologic Studies Depression (CES-D) scale [25]. This scale con-
sists of 20 items addressing six symptoms of depression, including depressed
mood, guilt or worthlessness, helplessness or hopelessness, psychomotor retar-
dation, loss of appetite, and sleep disturbance experienced during the preceding
week. Each item is scored on a scale of 0 to 3 according to the frequency of the
symptom and summed up to the total CES-D score, ranging from O to 60. The
criterion validity of the CES-D scale has been well established in both Western
[25] and Japanese [24] individuals. Prevalent cases of depressive symptoms were
defined as having a CES-D score of >16. A cut-off value of >19 was also used, as a
value that might be suitable for the Japanese working population [26].

Other variables

The survey questionnaire asked about marital status, night and rotating shift
work, job grade, smoking, alcohol consumption, physical activity during work
and housework or while commuting to work, and leisure-time physical activity.
Physical activity during work and housework or while commuting and during
leisure-time was expressed as the sum of metabolic equivalent (MET) [27]
multiplied by the duration of time (in hours) across all levels of physical activity.

Statistical analysis

Differences in characteristics between participants with and without
depressive symptoms were assessed using an independent t test (continuous
variable) and a xz—test (categorical variable). Participants were divided into ter-
tiles of energy-adjusted intake (using a density method) of selected nutrients,
including magnesium, calcium, iron, and zinc. To examine the association be-
tween the intake of dietary minerals and depressive symptoms, we performed a
multiple logistic regression analysis and calculated the odds ratios (ORs) and 95%
confidence intervals (CIs) of depressive symptoms for the tertiles of selected
nutrient intake, using the lowest tertile category as reference. The first model was
adjusted for age (year, continuous), sex, and site (survey in April 2012 or May
2013); the second model was further adjusted for marital status (married or
other), job grade (low, middle, or high), night or rotating shift work (yes or no),
monthly overtime work (<10, 10 to <30, or >30 h), daily physical activity at work
and housework or on commuting to work (<3, 3 to <7, 7 to <20, or >20 MET/h),
weekly leisure-time physical activity (not engaged, >0 to <3, 3 to <10, or >10
MET/h), smoking (never-smoker, former smoker, current smoker consuming <20
cigarettes/d, or current smoker consuming >20 cigarettes/d), alcohol consump-
tion (nondrinker, drinker consuming 1 to 3 d/mo, weekly drinker consuming <1,
1 to <2, or >2 go/d), total energy intake (kcal/d, continuous), and intake of folate
(ng/1000 kcal, continuous), vitamin C (mg/1000 kcal, continuous), vitamin Bg
(mg/1000 kcal, continuous), vitamin Byz (1g/1000 kcal, continuous), and w-3
polyunsaturated fatty acids (% energy, continuous). One go (a traditional Japanese
unit of alcohol beverage [180 mL]) of sake (Japanese rice wine, with ethanol
concentrations of 10%-14%) contains ~23 g of ethanol. The nutrients we for
which we adjusted have been frequently linked to depression [14,16-18]. Due to
the high intercorrelation of minerals such as magnesium, calcium, iron, and zinc
found in the present study population (Pearson correlation coefficients ranging
from 0.46 to 0.72), we decided not to further adjust for other three minerals. The
statistical significance of trend association was tested by assigning ordinal
numbers (1-3) to tertile categories of selected nutrient intake. We additionally
analyzed the data stratified by age (<42 or >42 y, based on median age).
Two-sided P-values <0.05 were regarded as statistically significant. All analyses
were performed using Stata version 12.1 (StataCorp, College Station, TX, USA).

Results

Participant characteristics are presented in Table 1. The
prevalence of depressive symptoms (CES-D scale >16) was 27.8%.
Corresponding value was 18.1% when a higher cutoff (CES-D scale
>19) was used. Compared with participants without depressive
symptoms, those with depressive symptoms were younger and
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Table 1
Characteristics of study participants
Depressive  No depressive P value'
symptoms* symptoms'
(n =557) (n = 1449)
Age (mean + SD, y) 40.5+£93 4294103 <0.001
Sex (women, %) 10.6 10.7 0.95
Site (April 2012 survey, %) 51.0 57.6 0.007
Marital status (married, %) 55.5 70.1 <0.001
Job grade (low, %) 75.6 66.5 <0.001
Night or rotating shift work (yes, %) 24.2 18.6 0.005
Overtime work (>30 h/mo, %) 284 259 0.13
Physical activity at work and 26.9 215 0.01
housework or while commuting
to work (>20 METs-h/d, %)
Leisure-time physical activity 20.8 28.2 <0.001
(>10 METs-h/wk, %)
Smoking status (current, %) 35.2 264 <0.001
Alcohol drinking (current’, %) 514 53.6 0.36
Daily dietary intake (mean + SD)
Total energy (kcal) 1827 + 518 1785 + 478 0.09
Magnesium (mg/1000 kcal) 123 + 28 127 &+ 26 0.004
Calcium (mg/1000 kcal) 220 + 88 239 + 86 <0.001
Iron (mg/1000 kcal) 3.7+1.0 38+1.0 0.001
Zinc (mg/1000 kcal) 41 +0.7 42 + 0.6 0.001
Folate (11g/1000 kcal) 158 + 64 166 + 59 0.007
Vitamin C (mg/1000 kcal) 47 £ 24 52 +24 <0.001
Vitamin Bg (mg/1000 kcal) 0.60 +0.15 0.61 +0.15 0.054
Vitamin By, (ug/1000 kcal) 44 +24 44 +2.0 0.92
-3 polyunsaturated fatty acids 1.2+ 0.3 1.2 +03 0.11

(% energy)

C-ESD, Center for Epidemiologic Studies Depression; MET, metabolic equivalent
= Participants with a C-ESD scale score >16.
T Participants with a C-ESD scale score <16.
¥ For continuous variables, independent t test was used; for categorical vari-
ables, 2 test was used.
% Alcohol consumption of at least 1 d/wk.

more likely to be smokers, unmarried, night or rotating shift
workers, and in a low-ranking job position; had higher physical
activity levels at work and housework or while commuting to
work but lower physical activity during leisure time.

Table 2

As shown in Table 2, in the multivariate model, the ORs of
depressive symptoms tended to decrease with increasing level of
minerals, with statistically significant trend associations being
observed for magnesium, calcium, iron, and zinc (Pireng = 0.009,
0.006, 0.008, and 0.006, respectively). The multivariate adjusted
ORs (95% CI) for having depressive symptoms in the highest
versus lowest tertiles of magnesium, calcium, iron, and zinc were
0.63 (0.44-0.91), 0.64 (0.47-0.88), 0.59 (0.40-0.87), and 0.63
(0.45-0.87), respectively. Similar associations were observed
when a higher cutoff point (CES-D scale score >19) was used in
the definition of depressive symptoms, although the association
was not statistically significant except for zinc intake. Addition-
ally, inverse associations were observed in both groups stratified
by age (data not shown).

Discussion

In this cross-sectional study among Japanese employees, we
found that a higher dietary intake of magnesium, calcium, iron,
and zinc was associated with a lower prevalence of depressive
symptoms, even after adjustment for potentially important
confounding factors.

To date, four cross-sectional studies and one prospective
study have explored the association between magnesium intake
and depressive symptoms in a general population, and their
findings have been generally consistent among cross-sectional
studies; three observed a significant inverse association [4,9,
10], and another small study also found an inverse, albeit sta-
tistically nonsignificant, association [11]. The present study,
where a range of dietary (including folate; vitamins Bg, B12, and
C; and w-3 polyunsaturated fatty acids) and non-dietary poten-
tial confounders was adjusted for, confirmed the findings of
previous cross-sectional studies.

In a large cohort study with Spanish university graduates,
however, higher magnesium intake was not associated with a
decreased risk for depression [12]. The authors of that study

Odds ratios and 95% confidence intervals for depressive symptoms according to tertile of dietary Intake of magnesium, calcium, iron, and zinc

CES-D (15/16)

CES-D (18/19)

T1 (low) T2 T3 (high) Pirend T1 (low) T2 T3 (high) 18wl

Magnesium (median, mg/1000 kcal) 101.5 123.2 148.5 101.5 123.2 148.5

With/without depressive symptoms  232/437 167/502 158/510 146/523 115/554 102/566

Model 11 1.00 (ref)  0.65 (0.52-0.83) 0.64 (0.50-0.82) <0.001 1.00 (ref) 0.78 (0.60-1.03) 0.73 (0.55-0.97) 0.03

Model 2 1.00 (ref) 0.64 (0.49-0.84) 0.63 (0.44-0.91) 0.009 1.00 (ref) 0.79 (0.58-1.08) 0.73 (0.48-1.11) 0.13
Calcium (median, mg/1000 kcal) 156.2 220.2 311.2 156.2 220.2 311.2

With/without depressive symptoms ~ 229/440 180/489 148/520 144/525 116/553 103/565

Model 11 1.00 (ref)  0.73 (0.58-0.93) 0.58 (0.46-0.75) <0.001 1.00 (ref) 0.81 (0.61-1.06) 0.73 (0.55-0.97) 0.03

Model 2 1.00 (ref)  0.77 (0.60-1.00) 0.64 (0.47-0.88) 0.006  1.00 (ref) 0.88 (0.65-1.19) 0.85(0.59-1.22) 0.38
Iron (median, mg/1000 kcal) 2.9 3.7 4.7 2.9 3.7 4.7

With/without depressive symptoms  223/446 182/487 152/516 141/528 124/545 98/570

Model 1 1.00 (ref)  0.77 (0.61-0.97) 0.63 (0.49-0.81) <0.001 1.00 (ref) 0.89 (0.68-1.16) 0.71 (0.53-0.95) 0.02

Model 2 1.00 (ref)  0.79 (0.60-1.04) 0.59 (0.40-0.87) 0.008  1.00 (ref) 0.93 (0.68-1.27) 0.67 (0.42-1.05) 0.10
Zinc (median, mg/1000 kcal) 3.6 4.1 4.7 3.6 4.1 4.7

With/without depressive symptoms ~ 210/459  193/476 154/514 140/529  123/546 100/568

Model 1! 1.00 (ref)  0.89 (0.70-1.12)  0.66 (0.52-0.85)  0.001 1.00 (ref)  0.86 (0.65-1.13) 0.68 (0.51-0.91)  0.01

Model 2 1.00 (ref) 094 (0.72-123) 0.63 (0.45-0.87) 0.006  1.00 (ref) 0.93 (0.68-1.26) 0.66 (0.45-0.97) 0.04

CES-D, Center for Epidemiologic Studies Depression Scale; ref, reference; T, tertile

* Based on multiple logistic regression analyses, assigning ordinal numbers 1-3 to the tertile categories of the independent variable.

 Adjusted for age (y, continuous), sex, and site (survey in April 2012 or May 2013).

 Adjusted for age (y, continuous), sex, site (survey in April 2012 or May 2013 ), marital status (married or other), job grade (low, middle, or high), night or rotating shift
work (yes or no), overtime work (<10 h/mo, 10 to <30 h/mo, or >30 h/mo), physical activity at work and housework or while commuting to work (<3 METs-h/d, 3 to <7
METs-h/d, 7 to <20 METs-h/d, or >20 METs-h/d), leisure-time physical activity (not engaged, >0 to <3 METs-h/wk, 3 to <10 METs-h/wk, or >10 METs-h/wk), smoking
(never-smoker, former smoker, current smoker consuming <20 cigarettes/d, or current smoker consuming >20 cigarettes/d), alcohol consumption (nondrinker, drinker
consuming 1-3 d/mo, weekly drinker consuming <1 go/d, 1 to <2 go/d, or >2 go/d; one go contains ~23 g of ethanol), total energy intake (kcal/d, continuous), and
intake of folate (ug/1000 kcal, continuous), vitamin C (mg/1000 kcal, continuous), vitamin Bg (mg/1000 kcal, continuous), vitamin B;, (nug/1000 kcal, continuous), and

w-3 polyunsaturated fatty acids (% energy, continuous).
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ascribed the null finding to relatively high magnesium intake in
the study population (median intake 404 mg/d). The median
magnesium intake in our study was 216 mg/d, which was below
the Japanses recommended dietary allowance for magnesium
[28]. The results of population-based studies that measured
blood levels of magnesium are inconsistent; one found a signif-
icant inverse association [29], whereas another found no asso-
ciation [11]. Such discrepacy might be due to differences in the
assessment of depressive symptoms and the selection of
covariates.

In the present study, calcium intake was associated with
decreased odds of depressive symptoms, a finding consistent
with that of a study with Korean women [11]. However, two
other studies with U.S. adolescents [13] and an elderly Japanese
population [14]| found no association between calcium intake
and depressive symptoms. Such inconsistencies may be due in
part to the difference in calcium intake levels according to study
population. Mean calcium intake in the Korean women’s study
[11] and the present study was 456 mg/d and 419 mg/d,
respectively. In the other two studies that found no association,
mean calcium intake was relatively high: >1000 mg/d in U.S.
adolescents [13] and 825 mg/d for men and 876 mg/d for women
in the elderly Japanese population [14]. Studies that measured
serum calcium concentrations found no association with
depressive symptoms [ 11,29], probably due to tight regulation by
homeostasis of circulating calcium concentrations [30].

The present study showed a significant and inverse associa-
tion between iron intake and depressive symptoms, consistent
with a finding of a cross-sectional study of an elderly Chinese
population [15]. Another study in U.S. adolescents, where energy
intake was not adjusted for, however, found no significant as-
sociation between them [13]. Inconsistency among these dietary
studies may be partly ascribed to poor correlation between di-
etary iron intake and body iron status [31]. However, studies that
measured blood ferritin concentrations, a good marker of sys-
temic iron storage in healthy individuals [32], also have shown
inconsistent results. Of five community studies that measured
ferritin concentrations [33-37], three showed a significant in-
verse association between serum ferritin and depressive symp-
toms [33-35], but the other two found no significant association
[36,37]. Brain iron uptake may be constitutive and independent
of plasma transferrin, transferrin saturation, or regional brain
iron concentration [38]. Additionally, serum ferritin is increased
in the setting of inflammatory conditions [39]. These issues
might account for the inconsistent results among blood studies.

Four population-based, cross-sectional studies and one pro-
spective study have consistently shown an inverse association
between zinc intake and depressive symptoms [4-8]. Further-
more, a biomarker study found a linear, inverse association be-
tween Beck depression scores and serum zinc concentrations [5].
The present finding, together with those of previous studies
[4-7] in the community setting support the notion that elevated
zinc intake is associated with a reduction in prevalence of
depressive symptoms.

The mechanism linking magnesium, calcium, iron, and zinc to
depressive symptoms is unclear, but several have been sug-
gested. Magnesium is a cofactor of tryptophan hydroxylase and is
necessary for serotonin receptor binding in vitro [40]. Magne-
sium is a potent antagonist of the N-methyl-p-aspartate receptor
complex [41]. Additionally, magnesium may contribute to
lowering systemic inflammation [42], which has been associated
with depression [43]. Calcium activates tryptophan hydroxylase
in the biosynthetic pathway leading to serotonin synthesis [44].
Additionally, dopamine synthesis in the brain is enhanced by a

calcium/calmodulin-dependent system [45]. Iron plays a role in
the oxygenation of brain parenchyma and the synthesis of neu-
rotransmitters, such as dopamine and serotonin [46], and iron
deficiency decreases dopamine receptor density in animals [47].
Zinc might increase levels of brain-derived neurotropic factor by
enhancing the function of the serotonergic system and by
inhibiting the activity of glycogen synthase kinase-3 [48].

The prevalence of depressive symptoms (CES-D scale score
>16) in the present study population (27.8 %) was higher than
those in Western populations (e.g., 11.9 % in a British study [49]),
but similar to that of a Japanese study (29.9%) [50]. This is
probably due to the fact that the Japanese tend to express their
positive emotion in a modest manner, leading to a high score on
depression scales [51]. We confirmed, however, that results did
not materially change when we used a higher cutoff point (CES-D
scale score >19).

The major strengths of this study include its high participa-
tion rate and adjustment for known and suspected risk factors of
depressive symptoms. However, our study also had several
limitations. First, an association derived from a cross-sectional
study does not necessarily indicate causality. Second, although
we adjusted for a variety of potential confounding variables, we
cannot rule out the possibility that the observed associations are
due to unmeasured confounders and residual confounding.
Third, we were unable to disentangle the effect of each mineral
intake from that of other minerals because the correlation be-
tween minerals was high. Fourth, mineral intake does not
necessarily reflect body mineral status, which is determined not
only dietary intake but also other factors including absorption,
metabolism, and excretion. Thus, studies using reliable bio-
markers of minerals are needed to confirm our results. Finally,
because the study participants were Japanese manufacturing
employees, caution is required in generalizing the present
findings.

Conclusion

Higher intake of magnesium, calcium, iron, and zinc was
associated with a lower prevalence of depressive symptoms in
Japanese employees. The inverse association in this cross-
sectional observation requires confirmation in prospective
study among populations with different background in terms of
ethnics, sex, age, anthropometry, physical activity, and physio-
logical and psychological conditions. Additionally, intervention
trials are required to confirm the effect of mineral supplements
on mood.

Acknowledgments

The authors acknowledge Fumiko Zaizen (Furukawa Electric
Corporation) and Ayami Kume, Sachiko Nishihara, Yuho Mizoue,
Saeko Takagiwa, and Yuriko Yagi (National Center for Global
Health and Medicine) for their help in data collection.

References

[1] Doris A, Ebmeier K, Shajahan P. Depressive illness. Lancet 1999;354:

1369-75.

Murakami K, Sasaki S. Dietary intake and depressive symptoms: a sys-

tematic review of observational studies. Mol Nutr Food Res 2010;54:

471-88.

Davison KM, Kaplan BJ. Vitamin and mineral intakes in adults with mood

disorders: comparisons to nutrition standards and associations with soci-

odemographic and clinical variables. ] Am Coll Nutr 2011;30:547-58.

[4] Jacka FN, Maes M, Pasco JA, Williams LJ, Berk M. Nutrient intakes and the
common mental disorders in women. ] Affect Disord 2012;141:79-85.

2

3


http://refhub.elsevier.com/S0899-9007(14)00493-6/sref1
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref1
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref2
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref2
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref2
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref3
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref3
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref3
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref4
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref4

690

[5]

[6]
17

[8

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

T. Miki et al. / Nutrition 31 (2015) 686-690

Amani R, Saeidi S, Nazari Z, Nematpour S. Correlation between dietary zinc
intakes and its serum levels with depression scales in young female stu-
dents. Biol Trace Elem Res 2010;137:150-8.

Yary T, Aazami S. Dietary intake of zinc was inversely associated with
depression. Biol Trace Elem Res 2012;145:286-90.

Maserejian NN, Hall SA, McKinlay JB. Low dietary or supplemental zinc is
associated with depression symptoms among women, but not men, in a
population-based epidemiologic survey. ] Affect Disord 2012;136:781-8.
Vashum KP, McEvoy M, Milton AH, McEIduff P, Hure A, Byles ], et al. Dietary
zinc is associated with a lower incidence of depression: findings from two
Australian cohorts. ] Affect Disord 2014;166:249-57.

Jacka FN, Overland S, Stewart R, Tell GS, Bjelland I, Mykletun A. Association
between magnesium intake and depression and anxiety in community-
dwelling adults: the Hordaland Health Study. Aust N Z ] Psychiatry
2009;43:45-52.

Yary T, Aazami S, Soleimannejad K. Dietary intake of magnesium may
modulate depression. Biol Trace Elem Res 2013;151:324-9.

Bae Y], Kim SK. Low dietary calcium is associated with self-rated depression
in middle-aged Korean women. Nutr Res Pract 2012;6:527-33.

Derom ML, Martinez-Gonzalez MA, Sayon-Orea Mdel C, Bes-Rastrollo M,
Beunza JJ, Sanchez-Villegas A. Magnesium intake is not related to depres-
sion risk in Spanish university graduates. J Nutr 2012;142:1053-9.
Fulkerson JA, Sherwood NE, Perry CL, Neumark-Sztainer D, Story M.
Depressive symptoms and adolescent eating and health behaviors: a
multifaceted view in a population-based sample. Prev Med 2004;38:
865-75.

Oishi J, Doi H, Kawakami N. Nutrition and depressive symptoms in
community-dwelling elderly persons in Japan. Acta Med Okayama
2009;63:9-17.

Woo ], Lynn H, Lau WY, Leung ], Lau E, Wong SY, et al. Nutrient intake and
psychological health in an elderly Chinese population. Int J Geriatr Psy-
chiatry 2006;21:1036-43.

Gilbody S, Lightfoot T, Sheldon T. Is low folate a risk factor for depression? A
meta-analysis and exploration of heterogeneity. ] Epidemiol Community
Health 2007;61:631-7.

Skarupski KA, Tangney C, Li H, Ouyang B, Evans DA, Morris MC. Longitu-
dinal association of vitamin B-6, folate, and vitamin B-12 with depressive
symptoms among older adults over time. Am ] Clin Nutr 2010;92:330-5.
Sanchez-Villegas A, Henriquez P, Figueiras A, Ortuno F, Lahortiga F, Marti-
nez-Gonzalez MA. Long chain omega-3 fatty acids intake, fish consumption
and mental disorders in the SUN cohort study. Eur ] Nutr 2007;46:337-46.
Zhou BF, Stamler ], Dennis B, Moag-Stahlberg A, Okuda N, Robertson C,
et al. Nutrient intakes of middle-aged men and women in China, Japan,
United Kingdom, and United States in the late 1990s: the INTERMAP study.
J Hum Hypertens 2003;17:623-30.

Kobayashi S, Honda S, Murakami K, Sasaki S, Okubo H, Hirota N, et al. Both
comprehensive and brief self-administered diet history questionnaires
satisfactorily rank nutrient intakes in Japanese adults. ] Epidemiol
2012;22:151-9.

Kobayashi S, Murakami K, Sasaki S, Okubo H, Hirota N, Notsu A, et al.
Comparison of relative validity of food group intakes estimated by
comprehensive and brief-type self-administered diet history question-
naires against 16 d dietary records in Japanese adults. Public Health Nutr
2011;14:1200-11.

Science and Technology Agency. Standard Tables of Food Composition in
Japan. Fifth revised and enlarged. Tokyo: Printing Bureau of the Ministry of
Finance; 2005 (in Japanese).

Science and Technology Agency. Standard Tables of Food Composition in
Japan, fatty acids section. Fifth revised and enlarged. Tokyo: Printing Bu-
reau of the Ministry of Finance; 2005 (in Japanese).

Shima S, Shikano T, Kitamura T, Asai M. New self-rating scale for depres-
sion. Jpn J Clin Psychiatry 1985;27:717-23 (in Japanese).

Radloff LS. The CES-D scale: a self-report depression scale for research in
the general population. Appl Psychol Meas 1977;1:385-401.

Wada K, Tanaka K, Theriault G, Satoh T, Mimura M, Miyaoka H, et al. Val-
idity of the Center for Epidemiologic Studies Depression Scale as a
screening instrument of major depressive disorder among Japanese
workers. Am ] Ind Med 2007;50:8-12.

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-
Locke C, et al. 2011 Compendium of physical activities: a second update of
codes and MET values. Med Sci Sports Exerc 2011;43:1575-81.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

Ministry of Health Labour and Welfare. Dietary Reference Intakes for Jap-
anese; 2010. Tokyo: Daiichi Shuppan Publishing Co., Ltd.; 2010 (in
Japanese).

Jung KI, Ock SM, Chung JH, Song CH. Associations of serum Ca and Mg
levels with mental health in adult women without psychiatric disorders.
Biol Trace Elem Res 2010;133:153-61.

Tietz NW. Fundamentals of clinical chemistry, third edition. Philadelphia:
W.B. Saunders; 1987.

Asakura K, Sasaki S, Murakami K, Takahashi Y, Uenishi K, Yamakawa M,
et al. Iron intake does not significantly correlate with iron deficiency
among young Japanese women: a cross-sectional study. Public Health Nutr
2009;12:1373-83.

Cook JD, Skikne BS. Iron deficiency: definition and diagnosis. ] Intern Med
1989;226:349-55.

Yi S, Nanri A, Poudel-Tandukar K, Nonaka D, Matsushita Y, Hori A, et al.
Association between serum ferritin concentrations and depressive
symptoms in Japanese municipal employees. Psychiatry Res 2011;189:
368-72.

Baune BT, Neuhauser H, Ellert U, Berger K. The role of the inflammatory
markers ferritin, transferrin and fibrinogen in the relationship between
major depression and cardiovascular disorders—the German Health
Interview and Examination Survey. Acta Psychiatr Scand 2010;121:
135-42.

Vahdat Shariatpanaahi M, Vahdat Shariatpanaahi Z, Moshtaaghi M,
Shahbaazi SH, Abadi A. The relationship between depression and serum
ferritin level. Eur ] Clin Nutr 2007;61:532-5.

Hunt JR, Penland JG. Iron status and depression in premenopausal women:
an MMPI study. Minnesota Multiphasic Personality Inventory. Behav Med
1999;25:62-8.

Baune BT, Eckardstein A, Berger K. Lack of association between iron
metabolism and depressive mood in an elderly general population. Int
Psychogeriatr 2006;18:437-44.

Beard JL, Wiesinger JA, Li N, Connor JR. Brain iron uptake in hypo-
transferrinemic mice: Influence of systemic iron status. ] Neurosci Res
2005;79:254-61.

Huang TL, Lee CT. Low serum albumin and high ferritin levels in chronic
hemodialysis patients with major depression. Psychiatry Res 2007;152:
277-80.

Kantak KM. Magnesium deficiency alters aggressive behavior and cate-
cholamine function. Behav Neurosci 1988;102:304-11.

Bresink I, Danysz W, Parsons CG, Mutschler E. Different binding affinities of
NMDA receptor channel blockers in various brain regions-indication of
NMDA receptor heterogeneity. Neuropharmacology 1995;34:533-40.
Almoznino-Sarafian D, Berman S, Mor A, Shteinshnaider M, Gorelik O,
Tzur I, et al. Magnesium and C-reactive protein in heart failure: an anti-
inflammatory effect of magnesium administration? Eur J Nutr 2007;46:
230-7.

Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive
protein, IL-1, and IL-6: a meta-analysis. Psychosom Med 2009;71:171-86.
Knapp S, Mandell AJ, Bullard WP. Calcium activation of brain tryptophan
hydroxylase. Life Sci 1975;16:1583-93.

Sutoo D, Akiyama K. Regulation of blood pressure with calcium-dependent
dopamine synthesizing system in the brain and its related phenomena.
Brain Res Brain Res Rev 1997;25:1-26.

Beard JL, Connor JR, Jones BC. Iron in the brain. Nutr Rev 1993;51:157-70.
Erikson KM, Jones BC, Hess EJ, Zhang Q, Beard JL. Iron deficiency decreases
dopamine D1 and D2 receptors in rat brain. Pharmacol Biochem Behav
2001;69:409-18.

Szewczyk B, Poleszak E, Sowa-Kucma M, Siwek M, Dudek D, Ryszewska-
Pokrasniewicz B, et al. Antidepressant activity of zinc and magnesium in
view of the current hypotheses of antidepressant action. Pharmacol Rep
2008;60:588-99.

Akbaraly TN, Brunner EJ, Ferrie JE, Marmot MG, Kivimaki M, Singh-
Manoux A. Dietary pattern and depressive symptoms in middle age. Br ]
Psychiatry 2009;195:408-13.

Nagase Y, Uchiyama M, Kaneita Y, Li L, Kaji T, Takahashi S, et al. Coping
strategies and their correlates with depression in the Japanese general
population. Psychiatry Res 2009;168:57-66.

Iwata N, Umesue M, Egashira K, Hiro H, Mizoue T, Mishima N, et al. Can
positive affect items be used to assess depressive disorders in the Japanese
population? Psychol Med 1998;28:153-8.


http://refhub.elsevier.com/S0899-9007(14)00493-6/sref5
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref5
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref5
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref6
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref6
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref7
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref7
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref7
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref8
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref8
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref8
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref9
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref9
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref9
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref9
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref10
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref10
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref11
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref11
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref12
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref12
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref12
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref13
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref13
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref13
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref13
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref14
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref14
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref14
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref15
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref15
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref15
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref16
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref16
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref16
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref17
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref17
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref17
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref18
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref18
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref18
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref19
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref19
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref19
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref19
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref20
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref20
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref20
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref20
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref21
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref21
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref21
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref21
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref21
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref22
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref22
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref22
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref23
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref23
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref23
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref24
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref24
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref25
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref25
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref26
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref26
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref26
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref26
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref27
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref27
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref27
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref28
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref28
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref28
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref29
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref29
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref29
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref30
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref30
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref31
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref31
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref31
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref31
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref32
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref32
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref33
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref33
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref33
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref33
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref34
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref34
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref34
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref34
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref34
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref35
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref35
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref35
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref36
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref36
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref36
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref37
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref37
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref37
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref38
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref38
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref38
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref39
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref39
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref39
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref40
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref40
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref41
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref41
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref41
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref42
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref42
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref42
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref42
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref43
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref43
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref44
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref44
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref45
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref45
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref45
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref46
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref47
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref47
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref47
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref48
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref48
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref48
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref48
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref49
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref49
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref49
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref50
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref50
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref50
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref51
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref51
http://refhub.elsevier.com/S0899-9007(14)00493-6/sref51

	Dietary intake of minerals in relation to depressive symptoms in Japanese employees: The Furukawa Nutrition and Health Study
	Introduction
	Materials and methods
	Study design and participants
	Dietary intake
	Depressive symptoms
	Other variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


