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ABSTRACT

In Japan, the prevalences of type 2 diabetes and depression are increasing, but evidence linking these diseases to diet
is limited. The present study reviewed the association of type 2 diabetes with intakes of rice, fish/seafood, and soy
product and isoflavone, and the association of depressive symptoms with folate, vitamin D, and dietary pattern, in the
Japanese population. The analysis of type 2 diabetes comprised around 55 000 men and women aged 45 to 75 years
who completed a questionnaire for the Japan Public Health Center-based Prospective Study and were free of type 2
diabetes at baseline. The odds ratio of self-reported physician-diagnosed type 2 diabetes during the subsequent 5
years increased with rice intake among women and among physically inactive men but decreased with total fish/
seafood intake among men. In addition, risk tended to decrease with soy product and isoflavone intake among
overweight and postmenopausal women. Depressive symptoms were assessed using the Center for Epidemiologic
Studies Depression Scale. The participants were approximately 530 workers aged 21 to 67 years who participated
in a health survey at the time of a periodic health check. A cross-sectional and prospective inverse association
between serum folate and depressive symptoms was observed. Serum 25-hydroxyvitamin D level was suggestively
associated with decreased prevalence of depressive symptoms in late autumn. In addition, a healthy Japanese
pattern—characterized by high intakes of vegetables, fruit, mushrooms, and soy products—was inversely associated
with depressive symptoms. The findings suggest that diet has a role in the development of type 2 diabetes and
depression in Japanese.
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INTRODUCTION

The prevalence of type 2 diabetes is increasing worldwide.1

In Japan the prevalence of diabetes has increased from 6.9 to
8.9 million between 1997 and 2007.2 Obesity is a strong
determinant of type 2 diabetes but is much less common
among Japanese than among Western populations.3

Nevertheless, the prevalence of type 2 diabetes in the
Japanese population is not much lower than in some
Western populations,4 a fact that has been attributed to
genetic differences between Asian and white populations.5

Limited evidence is available regarding the role of
environmental factors, particularly dietary factors, that might
account for the epidemic of type 2 diabetes among Japanese.
White rice, fish/seafood, and soy products are traditionally
consumed by Japanese. As compared with brown rice, white
rice has less dietary fiber, vitamins, and minerals6—which are
associated with decreased risk of type 2 diabetes—and has

a higher glycemic index.7 The results of an ecologic study
suggested that fish intake may play a role in the prevention
of type 2 diabetes.8 Soy products and isoflavone, a major
phytoestrogen found in soybeans, improved glucose tolerance
and had an antidiabetic effect in animal studies.9

Depression is also an important public health issue
worldwide.10 Persons with severe depression have limited
social life due to their symptoms and are at increased risk of
suicide.10 In Japan, the number of people with depression is
increasing,11 and the suicide rate is among the highest in the
world: approximately 30 000 deaths from suicide have been
recorded since 1998.12 In particular, death from suicide has
been markedly increasing among men aged 40 to 69 years.12

Folate is involved in the metabolism of monoamines, such as
serotonin in the brain.13 Vitamin D receptor and the vitamin
B-activating enzyme 1-α-hydroxylase are widely distributed
in human brain tissue.14 Thus, these nutrients may be related
to mood disorders.
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Dietary pattern analysis has generated much interest in
nutritional epidemiology. Dietary pattern is an integrated
variable that combines consumption of several foods or food
groups. Because individuals consume food as part of a diet
and not as single items or nutrients, these patterns are
expected to have a greater impact than any individual item on
disease risk.15 In addition, dietary pattern analysis can clarify
the actual effect of the overall diet.

In this review, the author examines the association of type 2
diabetes with intakes of rice, fish/seafood, and soy/isoflavone,
using data from the Japan Public Health Center-based
Prospective Study (JPHC study),16–18 and the association of
depressive symptoms with folate, vitamin D, and dietary
pattern among a Japanese working population (KOM
study).19–22

DIETARY FACTORS AND TYPE 2
DIABETES

JPHC Study
The JPHC Study was launched in 1990 (cohort I) and 1993
(cohort II).23,24 The participants in cohort I included residents
aged 40 to 59 years in 5 Japanese public health center areas.
The participants in cohort II included residents aged 40 to 69
years in 6 Japanese public health center areas. A questionnaire
survey was conducted at baseline, 5-year follow-up, and
10-year follow-up. Information on medical histories and
health-related lifestyle, smoking, drinking, and dietary habits
was obtained at each survey. This study was approved by the
Institutional Review Board of the National Cancer Center of
Japan.

At the baseline, 5-year follow-up (second), and 10-year
follow-up (third) surveys, participants completed a self-
administered questionnaire on lifestyle and health. In the
present analysis, responses to the second survey were used as
baseline data because the questionnaire used for the second
survey was more comprehensive than the baseline survey in
inquiring about food intakes. At the second survey, a food
frequency questionnaire (FFQ) was used to assess average
intakes of 147 food and beverage items during the previous
year.25 For most food items, 9 options for frequency of
consumption were provided, ranging from almost none to 7 or
more times/day. A standard portion size was specified for each
food, and respondents were asked to choose their usual
portion size from 3 options (ie, less than one-half, standard,
or more than 1.5 times). Daily food intake was calculated by
multiplying daily frequency of consumption and the standard
portion size by its usual portion size. Daily nutrient intake was
calculated using the Standard Tables of Food Composition
in Japan.6 Intake of isoflavones (daidzein and genistein) was
calculated based on a food composition table specifically
developed to assess isoflavone content in Japanese foods.26,27

Type 2 diabetes that was newly diagnosed during the 5-year
period after the second survey was identified by the self-

administered questionnaire at the third survey. At the third
survey, study participants were asked if they had ever received
a diagnosis of diabetes, and if so, when the initial diagnosis
was made. Only participants who had received a diagnosis
after the second survey (ie, the baseline of the present
analysis) were regarded as incident cases. To confirm the
validity of self-reported diabetes, we examined a series of
medical records from study participants in 3 districts of the
study areas and found that 94% of self-reported diabetes cases
were confirmed by medical records.28

From the study population of the JPHC Study (n = 140 420)
at baseline, participants who did not respond to the
questionnaire survey at the baseline, second, or third
surveys or who reported a history of type 2 diabetes or
severe disease before follow-up were excluded. After further
exclusion of participants with missing information on
exposure variables and those who reported extreme total
energy intake, a total of around 55 000 participants (25 000
men and 30 000 women) remained for analysis. During the
5-year period, around 1000 participants were newly diagnosed
with diabetes.

Rice and type 2 diabetes16

Among women, rice intake was associated with increased
incidence of type 2 diabetes after adjustment for covariates,
including body mass index (BMI); the multivariable-adjusted
odds ratio (OR) for the highest versus lowest quartile category
was 1.65 (95% CI, 1.06–2.57; Table 1). Among men,
incidence of type 2 diabetes tended to increase with rice
intake, though the association was not statistically significant
(Table 1). White rice has a high glycemic index,7 which is
associated with increased risk of type 2 diabetes.29 Further,
a number of beneficial nutrients including insoluble fiber and
magnesium, which are protectively associated with type 2
diabetes, are removed when producing polished white rice.6

These facts might explain the finding of a positive association
between rice intake and type 2 diabetes. Interestingly, in the
present study, subjects with a higher intake of rice tended to
have a lower BMI than those with a lower intake, suggesting
that rice or a rice-based diet—probably due to its low fat
content—may better aid in obesity prevention than a diet with
low rice consumption. However, risk of type 2 diabetes was
positively associated with rice intake, which suggests that a
high rice intake may increase type 2 diabetes risk independent
of BMI.
There was a marginally significant trend association

between rice consumption and type 2 diabetes risk among
men and women who did not engage in strenuous physical
activity at work or during leisure time but not among those
who did engage in such activity (Table 1). These results
underscore the importance of physical activity in assessing
the diet–diabetes risk relation. More specifically, low physical
activity may be necessary for rice consumption to affect type 2
diabetes risk.
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In a recent meta-analysis of 7 prospective cohorts in 4
reports,30 high intake of white rice was significantly associated
with increased risk of type 2 diabetes, especially among Asian
populations. The pooled relative risk of type 2 diabetes for
the highest category of white rice intake was 1.55 (95% CI,
1.20–2.01) as compared with the lowest category among
Asian populations, whereas the corresponding value was 1.12
(95% CI, 0.94–1.33) in Western populations. The Japanese
rice-centered diet is characterized by low fat intake and
has major advantages over the Western diet in terms of
contributing to cardiovascular health31; however, the same
may not be true for preventing type 2 diabetes. Among
Japanese who consume rice as a major staple food, dietary
strategies that prevent type 2 diabetes without increasing risk
of cardiovascular disease might need to be explored.

Fish and type 2 diabetes17

Among men, total fish/seafood intake was inversely
associated with type 2 diabetes risk; the multivariable-
adjusted OR for type 2 diabetes in the highest versus the
lowest quartile of intake was 0.73 (95% CI, 0.54–1.00;
Table 1). Additional adjustment for vitamin D and
polyunsaturated fatty acid intakes attenuated the association.
Among women, total fish/seafood intake was not associated
with type 2 diabetes risk. In an analysis by fish size, intake
of small/medium-sized fish significantly decreased the risk
of type 2 diabetes among men, whereas intake of large fish
was not associated with type 2 diabetes (Table 1). Among
men, type 2 diabetes risk tended to decrease with oily fish
intake but not with lean fish intake (Table 1). Fish, especially
oily fish, are a major dietary source of n-3 fatty acids and

Table 1. Multivariable-adjusted odds ratios (95% CI) for type 2 diabetes by quartile of rice and fish intake and quintile of soy
product and isoflavone intake

Quartiles of rice and fish intake
P for trenda

Q1 (low) Q2 Q3 Q4 (high)

Rice16

Menb 1.00 (reference) 1.24 (0.996–1.55) 1.25 (0.93–1.67) 1.19 (0.85–1.68) 0.32
Strenuous physical activity <1 hour/dayc 1.00 (reference) 1.26 (0.95–1.68) 1.58 (1.09–2.29) 1.36 (0.86–2.17) 0.08
Strenuous physical activity ≥1 hour/dayc 1.00 (reference) 1.49 (0.93–2.39) 0.83 (0.44–1.55) 1.20 (0.62–2.33) 0.85

Womenb 1.00 (reference) 1.15 (0.85–1.55) 1.48 (1.08–2.02) 1.65 (1.06–2.57) 0.005
Strenuous physical activity <1 hour/dayc 1.00 (reference) 1.23 (0.86–1.76) 1.39 (0.95–2.03) 1.55 (0.90–2.66) 0.08
Strenuous physical activity ≥1 hour/dayc 1.00 (reference) 0.57 (0.24–1.32) 1.27 (0.56–2.87) 1.13 (0.35–3.62) 0.30

Total fish/seafood17,d

Men 1.00 (reference) 0.84 (0.67–1.07) 0.80 (0.62–1.03) 0.73 (0.54–1.00) 0.04
Women 1.00 (reference) 1.06 (0.79–1.42) 1.04 (0.75–1.43) 1.01 (0.69–1.49) 0.96

Large fish (men)17,d,e 1.00 (reference) 0.97 (0.76–1.24) 1.02 (0.79–1.32) 1.06 (0.80–1.41) 0.63
Small and medium-sized fish (men)17,d,e 1.00 (reference) 0.86 (0.67–1.09) 0.82 (0.63–1.06) 0.68 (0.50–0.92) 0.02
Oily fish (men)17,d,e 1.00 (reference) 0.94 (0.75–1.19) 0.88 (0.69–1.12) 0.79 (0.59–1.05) 0.10
Lean fish (men)17,d,e 1.00 (reference) 0.99 (0.78–1.26) 0.95 (0.73–1.23) 1.05 (0.80–1.38) 0.83

Quintiles of soy product and genistein intake
P for trenda

Q1 (low) Q2 Q3 Q4 Q5 (high)

Soy products18,f

Men 1.00 (reference) 1.05 (0.82–1.36) 1.00 (0.76–1.30) 1.00 (0.76–1.32) 1.02 (0.75–1.38) 0.95
Women 1.00 (reference) 0.84 (0.62–1.13) 0.93 (0.69–1.25) 0.77 (0.55–1.06) 0.98 (0.70–1.39) 0.73

BMI <25 kg/m2 1.00 (reference) 0.82 (0.53–1.28) 1.05 (0.69–1.61) 0.82 (0.51–1.32) 0.93 (0.55–1.56) 0.80
BMI ≥25 kg/m2 1.00 (reference) 0.78 (0.52–1.18) 0.79 (0.52–1.20) 0.62 (0.39–0.99) 0.89 (0.55–1.44) 0.41
Premenopause 1.00 (reference) 1.60 (0.82–3.13) 1.11 (0.53–2.35) 1.01 (0.45–2.27) 1.26 (0.49–3.23) 0.92
Postmenopause 1.00 (reference) 0.75 (0.53–1.07) 0.96 (0.68–1.36) 0.72 (0.50–1.05) 1.01 (0.68–1.50) 0.97

Genistein18,f

Men 1.00 (reference) 1.05 (0.82–1.36) 1.16 (0.91–1.51) 1.00 (0.78–1.33) 0.95 (0.77–1.32) 0.71
Women 1.00 (reference) 0.71 (0.52–0.96) 0.88 (0.65–1.19) 0.81 (0.59–1.11) 0.90 (0.63–1.29) 0.77

BMI <25 kg/m2 1.00 (reference) 0.69 (0.44–1.09) 0.99 (0.64–1.54) 0.99 (0.63–1.57) 0.73 (0.43–1.27) 0.76
BMI ≥25 kg/m2 1.00 (reference) 0.65 (0.43–0.99) 0.74 (0.49–1.14) 0.59 (0.37–0.94) 0.91 (0.56–1.50) 0.57
Premenopause 1.00 (reference) 1.65 (0.82–3.31) 1.29 (0.59–2.82) 1.48 (0.64–3.39) 1.48 (0.56–3.90) 0.54
Postmenopause 1.00 (reference) 0.59 (0.41–0.85) 0.85 (0.60–1.20) 0.73 (0.51–1.05) 0.84 (0.56–1.26) 0.67

Abbreviations: BMI, body mass index; Q, quartile or quintile.
aBased on multiple logistic regression analysis with assignment of ordinal numbers to categories of each food or nutrient.
bAdjusted for age, study area, BMI, smoking status, alcohol consumption, family history of diabetes mellitus, total physical activity, history of
hypertension, occupation, total energy intake, coffee consumption, and intakes of calcium, magnesium, dietary fiber, fruit, vegetables, fish, bread,
and noodles.
cAdjusted for the all variables in footnote b except total physical activity.
dAdjusted for all variables in footnote b except occupation and intakes of fish, bread, and noodles, but including meat and rice intake.
eLarge fish: salmon, skipjack/tuna, cod/flatfish, and sea bream; small/medium-sized fish: horse mackerel/sardine, saury/mackerel, and eel; oily fish:
salmon, horse mackerel/sardine, saury/mackerel, eel, and sea bream; lean fish: skipjack/tuna and cod/flatfish.
fAdjusted for all variables in footnote b except occupation, total physical activity, and intakes of fruit, bread, and noodles, but including leisure-time
physical activity and green tea consumption.
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vitamin D, which were found to be associated with decreased
risk of type 2 diabetes.32,33 In the present study, the inverse
association between total fish/seafood intake and type 2
diabetes was attenuated after adjustment for vitamin D and
polyunsaturated fatty acids. The decreased risk of type 2
diabetes associated with fish intake might be due not only to
vitamin D and polyunsaturated fatty acids but also to other
components such as fish protein or the synergistic effect of
several nutrients.

Some34–36 but not all Western studies have reported an
increased risk of type 2 diabetes associated with fish intake.
Environmental contaminants, such as dioxins in fish, may
increase risk of type 2 diabetes.37 However, among the present
Japanese population, which had a much higher fish intake than
that in Western populations,2,38 the risk of type 2 diabetes was
not positively associated with total fish/seafood intake or
intake of large fish, which are higher in the food chain and
thus likely to have higher concentrations of environmental
contaminants.

The inconsistent finding of no association in Western
studies and an inverse association in the present study might
be partly due to the use of different cooking methods.
As compared with raw fish, deep-fried fish has higher
concentrations of contaminants39 and fewer potential health
benefits.40 Patel et al41 observed an inverse association of type
2 diabetes with intake of non-fried fish (fresh, frozen, or
canned) but not fried fish. Among the present participants,
grilling (58.9%) and stewing (26.4%) of seafood were much
more common than frying (3.9%). High consumption of non-
fried fish among Japanese might partly account for the inverse
association between fish intake and type 2 diabetes.

The findings from the JPHC Study provide evidence of
a protective role of fish intake against type 2 diabetes in
Japanese men. However, a recent meta-analysis of 13 cohorts
showed that total fish intake and risk of type 2 diabetes were
inversely associated among Asian/Australian populations,
not associated among European populations, and positively
associated in US studies.42 Therefore, the association between
fish intake and type 2 diabetes warrants further investigation,
and the biological mechanisms underlying the inverse
association among Asian populations need to be clarified.

Soy products, isoflavone, and type 2 diabetes18

Overall, type 2 diabetes was not associated with intakes of soy
products, daidzein, or genistein in either men or women,
although somewhat lower ORs were observed among women
in the higher intake categories (Table 1). In an analysis
stratified by BMI, type 2 diabetes risk in overweight women
(BMI ≥25 kg/m2) was significantly lower in the fourth versus
the lowest quintile of intakes of soy products, daidzein, and
genistein (Table 1). Overweight women in the fourth quintile
of intake had an approximately 40% lower risk of developing
type 2 diabetes than those in the lowest quintile. Such
decreases in ORs were not observed in women with a BMI

of less than 25 kg/m2. Given that obesity induces insulin
resistance,43 soy products and isoflavones may reduce risk of
type 2 diabetes by improving insulin sensitivity.
When the association of soy products with type 2 diabetes

was further examined by menopausal status, postmenopausal
women in the fourth versus the lowest quintile of soy intake
had an approximately 30% lower risk of type 2 diabetes,
although the trend association was not clear. In contrast, no
such association was observed among premenopausal women.
Isoflavones are structurally similar to endogenous estrogens
and thus have a weak estrogenic effect.44,45 Estrogen may
have a role in glucose homeostasis by modulating expression
of genes involved in insulin sensitivity and glucose uptake.46

Further, estrogen is a major regulator of adipocyte
development and adipocyte number and inhibits lipogenesis
by reducing the activity of lipoprotein lipase, an enzyme that
regulates lipid uptake by adipocytes.45

DIETARY FACTORS AND DEPRESSIVE
SYMPTOMS

KOM Study
Surveys were conducted in July and November 2006 among
employees of 2 municipal offices in northeastern Kyushu,
Japan. All full-time workers (n = 601) attending a periodic
health examination were invited to participate, except those
on long sick leave or maternity leave. Participants were asked
to fill out survey questionnaires beforehand. The ques-
tionnaires were checked for completeness by research staff
and, where necessary, answers were clarified by requesting
the necessary information from the subjects during the
examination. Routinely collected information from the
health examination, including anthropometric measurements,
biochemical data, and information on medical history,
smoking, and alcohol drinking were also obtained. This
study was approved by the ethics committee of the National
Center for Global Health and Medicine. Written informed
consent was obtained from all participants.
Dietary habits during the preceding month were assessed

using a validated brief self-administered diet history
questionnaire (BDHQ).47 Dietary intakes of 58 food and
beverage items, energy, and selected nutrients were estimated
using an ad hoc computer algorithm for the BDHQ, with
reference to the Standard Tables of Food Composition in
Japan.6 To derive dietary patterns, principal component
analysis was performed based on energy-adjusted intakes
using a density method of 52 food and beverage items. The
factors were rotated by orthogonal transformation (varimax
rotation) to maintain uncorrelated factors and ensure greater
interpretability. The present study determined 3 factors with
eigenvalues, the scree test, and the interpretability of the
factors. Dietary patterns were named according to the food
items with the highest loadings on each of the 3 factors.
The factor scores for each dietary pattern were calculated for

Nutritional Epidemiology of Type 2 Diabetes and Depressive Symptoms246

J Epidemiol 2013;23(4):243-250



each participant by summing intakes of food items weighted
by their factor loadings.

Serum folate and 25-hydroxyvitamin D concentrations were
measured at an external laboratory (Mitsubishi Chemical
Medience, Tokyo, Japan) using a chemiluminescent
immunoassay and a competitive protein-binding assay,
respectively.

Depressive symptoms were assessed using the Japanese
version48 of the Center for Epidemiologic Studies Depression
(CES-D) scale,49 which was included in the lifestyle
questionnaire in both surveys. The criterion validity of the
CES-D scale has been well established in Western49 and
Japanese48 subjects. Depressive symptoms were defined as
present when subjects had a CES-D score of 16 or higher.
Another cutoff value (≥19), which may be more suitable for
Japanese,50 was also used.

Of the 601 eligible workers, 547 (age 21–67 years)
participated in the survey (response rate 91%). After
exclusion of participants with missing information for any
of the analyzed variables, 521 to 530 workers (approximately
310 men and 215 women) remained for each analysis. Of
these, approximately 36% had depressive symptoms.

Serum folate and depressive symptoms19,22

Serum folate concentration was inversely associated with
prevalence of depressive symptoms among men (P for
trend = 0.03) but not among women (Table 2). Among men,
the multivariable-adjusted ORs for depressive symptoms were
approximately 50% to 70% lower in the upper 3 quartiles
of serum folate versus the lowest quartile. The inverse
association was more evident when the higher cutoff (CES-D
scale score of ≥19) was used (Table 2). The results were

Table 2. Multivariable-adjusted odds ratios (95% CI) of depressive symptoms by tertile or quartile of serum folate, 25-
hydroxyvitamin D, and dietary pattern

Quartiles of serum folate concentrations
P for trenda

Q1 (low) Q2 Q3 Q4 (high)

Serum folate (cross-sectional association)22

Menb

CES-D score ≥16 1.00 (reference) 0.53 (0.27–1.03) 0.33 (0.16–0.68) 0.51 (0.25–1.03) 0.03
CES-D score ≥19 1.00 (reference) 0.61 (0.31–1.23) 0.37 (0.17–0.82) 0.35 (0.16–0.75) 0.003

Womenb

CES-D score ≥16 1.00 (reference) 0.93 (0.40–2.18) 0.92 (0.41–2.08) 0.91 (0.38–2.16) 0.83
CES-D score ≥19 1.00 (reference) 0.67 (0.26–1.71) 1.03 (0.44–2.42) 0.80 (0.31–2.03) 0.89

Tertiles of serum folate concentrations
P for trenda

T1 (low) T2 T3 (high)

Serum folate (prospective association)19,c

CES-D score ≥16 1.00 (reference) 0.66 (0.29–1.52) 0.40 (0.16–0.99) 0.047
CES-D score ≥19 1.00 (reference) 0.26 (0.08–0.84) 0.27 (0.08–0.86) 0.02

Quartiles of serum 25-hydroxyvitamin D concentrations
P for trenda

Q1 (low) Q2 Q3 Q4 (high)

Serum 25-hydroxyvitamin D21,d,e

Workplace A (survey in July) 1.00 (reference) 0.60 (0.20–1.76) 0.75 (0.27–2.08) 0.70 (0.24–2.05) 0.62
Workplace B (survey in November) 1.00 (reference) 0.84 (0.45–1.58) 0.83 (0.44–1.58) 0.59 (0.30–1.15) 0.14

Tertiles of dietary pattern score
P for trenda

T1 (low) T2 T3 (high)

Dietary patterns20,e,f

Healthy Japanese pattern 1.00 (reference) 0.99 (0.62–1.59) 0.44 (0.25–0.78) 0.006
Animal food pattern 1.00 (reference) 1.47 (0.93–2.32) 0.97 (0.61–1.55) 0.91
Westernized breakfast pattern 1.00 (reference) 1.02 (0.64–1.64) 1.27 (0.77–2.10) 0.34

Abbreviations: CES-D, Center for Epidemiologic Studies Depression; Q, quartile; T, tertile.
aBased on multiple logistic regression analysis with assignment of ordinal numbers to categories of each food or nutrient.
bAdjusted for age, workplace, job position, marital status, job physical activity, non-job physical activity, smoking status, and alcohol consumption.
cAssociation of serum folate at baseline (in 2006) with prevalence of depressive symptoms at follow-up survey (in 2009); adjusted for all variables in
footnote b, plus sex and CES-D scale score at baseline.
dAdjusted for all variables in footnote b except workplace, but including sex, BMI, and dietary folate intake.
eDepressive symptoms was defined as a CES-D scale score ≥16.
fHealthy Japanese pattern: high intakes of vegetables, fruit, soy products, mushrooms, and green tea. Animal food pattern: high intakes of fish/
shellfish, meat, processed meat, mayonnaise, and egg. Westernized breakfast pattern: high intakes of bread, confectioneries, milk/yogurt,
mayonnaise, and egg and low intakes of rice, alcohol, and fish. Adjusted for all variables in footnote b, plus sex, BMI, history of hypertension, history
of diabetes mellitus, and total dietary intake.
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not materially different after adjustment for homocysteine.
Among women, there was no association. Folate is involved
in the metabolism of monoamines like serotonin in the brain.13

Moreover, 5-methyltetrahydrofolate is required in the
synthesis of methionine from homocysteine, which has a
neurotoxic effect.13 Methionine is a precursor of S-
adenosylmethionine, the methyl donor in many methylation
reactions in the brain involving neurotransmitters, nucleic
acids, proteins, and phospholipids.13,51 S-adenosylmethionine
also has antidepressant properties.13,51

Several studies have reported an association between blood
folate concentration and depressive symptoms. However, few
studies have prospectively examined this association.52–54

Therefore, to further examine the prospective association
between folate and depressive symptoms, in 2009 a follow-up
survey was conducted at the same municipal offices, 3 years
after the baseline survey (in 2006). Of the 547 subjects who
participated in the baseline survey, those with depressive
symptoms at baseline and nonparticipants in the follow-up
survey were excluded. Ultimately, 272 participants remained
for analysis. Serum folate concentration at baseline was
inversely associated with incidence of depressive symptoms
after 3 years; the multivariable-adjusted OR for depressive
symptoms associated with the highest versus the lowest tertile
of serum folate concentration was 0.40 (95% CI, 0.16–0.99;
Table 2). The decreased risk of depressive symptoms
associated with higher serum folate concentrations was more
evident in men; the multivariable-adjusted ORs (95% CI) for
depressive symptoms for the lowest through the highest tertile
of serum folate concentration were 1.00 (reference), 0.63
(0.22–1.82), and 0.16 (0.03–0.87) (P for trend = 0.03).

The association was then evaluated prospectively, and a
decreased incidence of depressive symptoms was observed
among participants with higher serum folate concentrations at
baseline, which suggests that folate decreases depression risk
rather than depression status reduces folate level.

Serum vitamin D and depressive symptoms21

No association was observed between serum 25-
hydroxyvitamin D and depressive symptoms. Depressive
symptoms and vitamin D concentration vary seasonally.
Analysis of the seasonality of the association revealed a
differential association. In a November survey of workplace B
the prevalence of depressive symptoms tended to decrease
with serum 25-hydroxyvitamin D concentration (Table 2).
In contrast, a July survey of workplace A showed no such
association. Higher prevalence of depressive symptoms during
winter, when vitamin D insufficiency is common, has led to
the hypothesis that vitamin D is involved in the seasonality of
mood.14 The present finding of a protective effect of vitamin
D on depressive symptoms in late autumn is compatible
with this hypothesis. Although we had no information on the
seasonality of symptoms, it is reasonable to assume that
depressive symptoms in persons who received the survey in

late autumn were more likely to be associated with vitamin D
insufficiency than those in persons surveyed in summer.

Dietary patterns and depressive symptoms20

The present study identified 3 dietary patterns: healthy
Japanese, animal food, and Westernized breakfast. The
healthy Japanese dietary pattern is characterized by high
intakes of vegetables, fruit, soy products, mushrooms, and
green tea and was significantly associated with decreased
prevalence of depressive symptoms (Table 2). When subjects
with a history of mental disease were excluded, the
multivariable-adjusted ORs (95% CI) for depressive
symptoms in the lowest through the highest tertile of the
dietary pattern were 1.00 (reference), 1.00 (0.62–1.62), and
0.40 (0.22–0.71), respectively (P for trend = 0.002). Neither
the animal dietary pattern nor the Westernized breakfast
pattern was associated with depressive symptoms.
In the present study, as compared with subjects in the

lowest tertile of the healthy Japanese dietary pattern score,
those in the highest tertile consumed much more folate,55

vitamin C,56 and vitamin E,57,58 which were found to be
associated with decreased risk of depressive symptoms.
As mentioned above, folate is associated with depressive
symptoms through its role in the metabolism of monoamines
in the brain and is a determinant of homocysteine level.13 In
addition, oxidative stress caused by reactive oxygen species
and defective antioxidant defenses may be involved in the
pathophysiology of neuropsychiatric disorders.59 Therefore,
antioxidant vitamins like vitamin C and vitamin E may help
decrease the risk of mood disorders. The clear inverse
association with the healthy Japanese dietary pattern may be
due to the combined effect of these nutrients on mood.

CONCLUSIONS

In the JPHC Study, rice intake was associated with increased
risk of type 2 diabetes among women and physically inactive
men. In contrast, total fish/seafood intake and small/medium-
sized fish intake were associated with decreased risk of type 2
diabetes among men. In addition, type 2 diabetes risk tended
to decrease with increased soy product and isoflavone intake
among overweight women and postmenopausal women.
These results suggest that the typical Japanese diet affects
type 2 diabetes risk. Regarding depressive symptoms, a
cross-sectional and prospective inverse association of serum
folate with depressive symptoms and a suggestive inverse
association of serum vitamin D in seasons with less sunlight
were observed. Moreover, a healthy Japanese dietary
pattern—characterized by high intakes of vegetables, fruit,
mushrooms, and soy products—was associated with
decreased prevalence of depressive symptoms. Although
mental disorders are mainly associated with psychosocial
factors, the present findings suggest that diet also has a role in
the development of depression.
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