Psychiatry Research 272 (2019) 581-586

Contents lists available at ScienceDirect

Psychiatry Research

-
;

Psychiatry Research S TIT

journal homepage: www.elsevier.com/locate/psychres

Demographic and lifestyle correlates of brain-derived neurotrophic factor in
a working population: The Furukawa Nutrition and Health Study

Check for
updates

Akiko Nanri®"*, Takeshi Kochi®, Masafumi Eguchi®, Isamu Kabe®, Tetsuya Mizoue”

2 Department of Food and Health Sciences, International College of Arts and Sciences, Fukuoka Women's University, Fukuoka, Japan
Y Department of Epidemiology and Prevention, Center for Clinical Sciences, National Center for Global Health and Medicine, Tokyo, Japan
¢ Department of Health Administration, Furukawa Electric Corporation, Tokyo, Japan

ARTICLE INFO ABSTRACT

This study aimed to examine the cross-sectional association of demographic and lifestyle factors with serum
brain-derived neurotrophic factor (BDNF) concentrations in a Japanese working population. Participants were
1678 men and 172 women aged 19-69 years who received health check-ups and participated in a nutrition and
health survey. Depressive symptoms were assessed using the Center for Epidemiologic Studies Depression (CES-
D) scale. Dietary intake was assessed using a validated self-administered diet history questionnaire. Serum BDNF
concentrations were measured using a solid phase sandwich enzyme-linked immunosorbent assay. Multiple
linear regression analysis was used to estimate the mean and 95% confidence interval of serum BDNF con-
centrations according to demographic and lifestyle factors. Higher body mass index (BMI) was significantly
associated with higher circulating BDNF concentrations. Current smokers had significantly higher mean BDNF
concentrations than never-smokers. BDNF concentrations were not associated with folate and 25-hydro-
xyvitamin D concentrations in serum, or dietary eicosapentaenoic acid and docosahexaenoic acid intake. Serum
BDNF concentrations were not associated with depressive symptoms or CES-D score per se. In this study, higher
BMI and smoking were associated with higher concentrations of serum BDNF, while nutrients that have been
linked to depression were not associated with BDNF concentrations among Japanese workers.
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1. Introduction polyunsaturated fatty acids (eicosapentaenoic acid and docosahex-
aenoic acid) (Grosso et al., 2016) are associated with a lower risk of

The proportion of the global population with depression in 2015 is depression. Moreover, non-dietary factors including smoking

estimated to be 4.4% and increased by 18.4% between 2005 and 2015
(WHO, 2017). Depression, a common illness affecting an estimated over
300 million people, results from a complex interaction of social, psy-
chological, and biological factors (WHO, 2018). Brain-derived neuro-
trophic factor (BDNF) is a dimeric protein found throughout the brain,
with particular abundance in the hippocampus and cerebral cortex, and
plays an important role in the survival, growth, and differentiation of
neurons (Lewin and Barde, 1996). A meta-analysis showed that serum
BDNF concentrations were significantly lower in depressed patients
than non-depressed subjects and that BDNF concentrations increased
after antidepressant treatment (Sen et al., 2008). A large body of evi-
dence indicates a significant role for BDNF in the pathophysiology of
depression.

Increasing attention has been paid to the role of lifestyles for the
prevention of depression. Epidemiological evidence suggests that folate
(Bender et al.,, 2017), vitamin D (Anglin et al., 2013), and n-3

(Luger et al., 2014), physical activity (Schuch et al., 2018), and obesity
(Jung et al., 2017) have been linked to depression. Work-related factors
such as long working hours (Virtanen et al., 2012), shift work
(Togo et al., 2017), and high job strain (Theorell et al., 2015) have also
been reported to be associated with depressive symptoms. To date, the
association of these dietary and non-dietary factors with BDNF con-
centration has been limited and inconsistent. It is important to clarify
whether and, if any, how lifestyle factors are related to BDNF for the
understanding of mechanism behind their association with depression.
Furthermore, previous studies did not observe the association between
BDNF concentrations and depressive symptoms (Goltz et al., 2017;
Terracciano et al., 2011), though it is suggested that BDNF may be a
biomarker for psychiatric disorders. Here, we examined the association
of serum BDNF concentration with demographic, lifestyle factors in-
cluding dietary factors, and depressive symptoms in a Japanese
working population.
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2. Methods
2.1. Study procedure and participants

As part of the Japan Epidemiology Collaboration on Occupational
Health Study, the Furukawa Nutrition and Health Study, a nutritional
epidemiological survey was conducted during the periodic health ex-
amination among workers of a manufacturing company and its af-
filiated companies in Chiba Prefecture and Kanagawa Prefecture,
Japan, in April 2012 and May 2013, respectively. Prior to the health
checkup, we asked approximately 2800 workers to participate in the
survey and to complete two types of survey questionnaires: one speci-
fically inquired about diet and the other about overall health-related
lifestyle. Of these, 2162 participants (1930 men and 232 women aged
18-70 years) agreed to participate in the survey with a response rate of
about 77%. On the day of the health checkup, research staff checked the
questionnaires for completeness and, where necessary, clarified details
with the subjects. Participants were asked to donate 7 ml of venous
blood. Additionally, we obtained health checkup data including the
results of anthropometric and biochemical measurements and in-
formation on history of disease. The study protocol was approved by
the Ethics Committee of the National Center for Global Health and
Medicine, Japan. Written informed consent was obtained from all
participants prior to the survey.

Of the 2162 participants, we excluded 58 participants who reported
a history of cancer, cardiovascular disease, chronic hepatitis, chronic
kidney disease including nephritis, and pancreatitis. We further ex-
cluded 218 participants who lacked data on BDNF. Finally, we excluded
those with missing data on covariates used in the present analysis,
leaving 1850 participants (1678 men and 172 women) for analysis.

2.2. Blood measurements

At the time of the survey, venous blood donated for the study was
drawn into an anticoagulant-free vacuum tube and centrifuged to se-
parate the serum. After conducting measurements for insulin, the re-
maining serum sample was stored at —80 °C until analysis. Serum fo-
late, 25-hydroxyvitamin D, and BDNF concentrations were determined
at an external laboratory (LSI Medience Corporation, Tokyo, Japan).
Folate was measured using a chemiluminescent immunoassay, with
intra-assay coefficients of variation of 3.1% at 2.6 ng/mL and 3.3% at
18.7 ng/mL. 25-hydroxyvitamin D was measured using a competitive
protein binding assay, with intra-assay coefficients of variation of
10.9% at 13.3ng/mL and 8.9% at 21.3ng/mL. Serum BDNF con-
centrations were measured using a solid phase sandwich enzyme-linked
immunosorbent assay using a Human BDNF Quantikine ELISA kit (R&D
Systems, Minneapolis, MN, USA) in a single assay, with intra-assay
coefficients of variation of 3.9% at 17.5 ng/mL and 5.6% at 39.2 ng/mL.

2.3. Other variables

The questionnaire inquired about marital status, shift work, over-
time work, job grade, smoking, alcohol consumption, physical activity
during work and housework or on the commute to work, and leisure-
time physical activity. Physical activity during work and housework,
commutes and leisure time were expressed as the sum of metabolic
equivalents (METs) multiplied by the duration (in hours) across all le-
vels of physical activity. Body height was measured to the nearest
0.1 cm with subjects standing without shoes. Body weight in light
clothes was measured to the nearest 0.1kg. BMI was calculated as
weight in kilograms divided by the square of height in meters.

Depressive symptoms were assessed using the Japanese version
(Shima et al., 1985) of the Center for Epidemiologic Studies Depression
(CES-D) scale (Radloff, 1977), which was incorporated into the lifestyle
questionnaire. This scale consists of 20 questions addressing 6 symp-
toms of depression. Each question is scored on a scale of 0-3 according
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to the frequency of the symptom, and the total CES-D score ranges from
0 to 60. The criterion validity of the CES-D scale has been well estab-
lished both in Western (Radloff, 1977) and Japanese (Shima et al.,
1985) participants. Depressive symptoms were defined as present when
participants had a CES-D score =16. A cutoff value =19, which may be
suitable for Japanese populations (Wada et al., 2007), was also used.
Moreover, we defined severe depressive symptoms by a CES-D score
=28 according to a study by Terracciano et al. (2011).

Dietary habits during the preceding month were assessed using a
validated, brief self-administered diet history questionnaire (BDHQ)
(Sasaki, 2004) covering 56 foods and beverages commonly consumed
by Japanese populations. Dietary intake of energy and selected nu-
trients, including eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), was estimated using an ad hoc computer algorithm for
BDHQ according to the Standard Tables of Food Composition in Japan.
In a validation study of the BDHQ against 16-day weighted dietary
records among 92 men and 92 women aged 31-76 years, the Pearson
correlation coefficients for energy-adjusted intake of EPA and DHA
were 0.31 and 0.30 in men, and 0.40 and 0.30 in women, respectively
(Kobayashi et al., 2012).

2.4. Statistical analysis

For characteristics of participants, data were expressed as mean and
percentages for continuous variables and categorical variables, re-
spectively. Factors considered in the analysis were age, sex, site, BMI,
marital status, job grade, overtime work, shift work, smoking status,
alcohol consumption, physical activity during work and housework or
on the commute to work, leisure-time physical activity, history of dia-
betes, serum folate concentration, serum 25-hydroxyvitamin D con-
centration, EPA intake, and DHA intake. To examine the association
between these factors and serum BDNF concentration, we used multiple
linear regression analysis to calculate the mean and 95% confidence
interval (CI) of serum BDNF concentration for each exposure category
with adjustment for other covariates. Moreover, we examined the as-
sociation between depressive symptoms or mental disease under phy-
sician treatment and BDNF concentration using the above analysis
method to confirm whether BDNF reflects the depressive status of the
study population. Two-side P values <0.05 were regarded as statisti-
cally significant. All analyses were performed using Statistical Analysis
System (SAS) version 9.3 (SAS Institute, Cary, NC, USA).

3. Results

The characteristics of the study participants are shown in Table 1.
Ninety one percent of participants were men. Mean + standard de-
viation (SD) of age was 43.5 *+ 9.2 years. Mean * SD (range) of serum
BDNF concentrations were 30.1 = 6.7 (1.0-62.3) ng/mL in all,
30.3 *+ 6.7 (1.0-62.3) ng/mL in men, and 28.4 + 6.1 (11.2-44.9) ng/
mL in women. Men had a higher BMI and were more likely to be current
smokers and alcohol drinkers and to be engaged in shift work, overtime
work, and work-related and leisure-time physical activity than women.
In addition, men had lower serum folate concentrations, but higher
serum 25-hydroxyvitamin D concentrations than women.

Multivariable-adjusted mean serum BDNF concentrations according
to demographic and lifestyle factors are shown in Table 2. Serum BDNF
concentrations were significantly higher in participants aged 40-49
years than those aged <30 years in both the age-, sex-, and site-ad-
justed model and fully adjusted model. Serum BDNF concentrations
were significantly positively associated with BMI in both models. The
multivariable-adjusted mean BDNF concentrations were 29.3, 29.9,
30.6, 30.7, and 30.6 ng/mL for those with BMIs <21.0, 21.0-22.9,
23.0-24.9, 25.0-26.9, and =27.0kg/m? respectively (P for
trend = 0.003). Serum BDNF concentrations in current smokers were
also significantly higher than those in never-smokers: the multivariable-
adjusted mean BDNF concentration was 29.2 ng/mL in never-smokers,
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Table 1
Characteristics of participants.
All Men Women

No of participants 1850 1678 172
Age (mean * SD, year) 435 = 9.2 43.6 = 9.2 43.2 + 8.8
BMI (mean + SD, kg/m?) 23.4 = 3.4 23,5 = 3.3 21.6 = 3.4
Site A (survey in April 2012, %) 55.0 54.9 55.8
Married (%) 69.9 71.7 52.9
Job grade (low, %) 66.2 63.2 95.3
Shift work (yes, %) 20.2 22.2 0.6
Overtime work (=30 hours/month, %) 25.3 26.9 9.9
Work-related physical activity (mean = SD, MET-hour/day) 14.0 = 16.9 145 + 17.3 9.2 * 10.9
Leisure-time physical activity (mean = SD, MET-hour/week) 8.2 * 15.6 8.4 + 15.6 6.3 = 16.0
Current smoker (%) 29.6 31.6 9.9
Alcohol consumption (=1 day/week, %) 54.5 57.4 26.2
History of diabetes (yes, %) 2.9 3.1 1.2
Serum folate concentrations (mean * SD, ng/mL) 5.2 + 29 5.0 = 2.7 7.2 = 3.9
Serum 25(OH)D concentrations (mean + SD, ng/mL) 21.5 £ 53 21.6 = 5.3 20.3 £ 5.1
EPA intake (mean *+ SD, % energy) 0.12 + 0.08 0.12 = 0.08 0.13 + 0.08
DHA intake (mean * SD, % energy) 0.21 = 0.12 0.21 = 0.11 0.24 = 0.12
CES-D score (mean *+ SD) 124 £ 7.8 124 £ 79 12.0 £ 7.2
Depressive symptoms (CES-D = 16, %) 28.0 28.1 27.3
Depressive symptoms (CES-D = 19, %) 18.7 18.9 16.9

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; CES-D, Center for Epidemiologic Studies Depression Scale; MET, metabolic equivalent.

31.3ng/mL in current smokers with a consumption of <20 cigarettes/
day, and 32.1 ng/mL in current smokers with a consumption of =20
cigarettes/day. Moreover, BDNF concentrations were significantly
lower in alcohol drinkers consuming =46 g of ethanol/day and un-
married participants than nondrinkers and married participants, re-
spectively, in the fully adjusted model. Women, participants in the
highest quartile of leisure-time physical activity, those without a history
of diabetes, and those with high serum 25-hydroxyvitamin D con-
centrations had significant lower serum BDNF concentrations than men,
those in the lowest quartile of leisure-time physical activity, those with
a history of diabetes, and those in the lowest quartile of serum 25-hy-
droxyvitamin D concentration, respectively, in the age-, sex-, and site-
adjusted model. After adjustment for all covariates, however, these
associations disappeared.

Regarding nutritional factors, serum BDNF concentrations were not
associated with serum folate and dietary EPA and DHA intake. There
were no significant differences in serum BDNF concentration between
participants with and without depressive symptoms (for both criteria of
CES-D score =16 and =19). The multivariable-adjusted mean serum
BDNF concentrations were 30.1 ng/mL and 30.2ng/mL (CES-D score
=16; P = 0.86), and 29.9 ng/mL and 30.2 ng/mL (CES-D score =19;
P = 0.48) in participants with and without depressive symptoms, re-
spectively. When we defined severe depressive status as CES-D score
=28, serum BDNF concentrations were significantly lower in partici-
pants with CES-D =28 than those with CES-D <16; the multivariable-
adjusted mean BDNF concentrations were 28.8 ng/mL and 30.2 ng/mL,
respectively (P = 0.06). Serum BDNF did not differ between partici-
pants with (n = 39) and without (n = 1811) mental disease who were
under treatment (31.3 and 30.1 ng/ml in participants with and without
a current medical history of mental disease, respectively; P = 0.28).

4. Discussion

In this cross-sectional study of Japanese workers, higher BMI, cur-
rent smoking, and age 40-49 years were associated with higher serum
BDNF concentration, whereas heavy alcohol consumption (=46g of
ethanol/day) was associated with lower serum BDNF concentration.
Nutritional factors including serum folate and 25-hydroxyvitamin D
concentrations and dietary EPA and DHA intake were not associated
with serum BDNF. To our knowledge, this is among a few studies to
report the association of serum BDNF concentration with demographic
and lifestyle factors.
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Published studies have reported inconsistent findings regarding the
association between BDNF and BMI. Consistent with our present
finding, circulating BDNF was previously shown to be positively asso-
ciated with BMI in US women (Golden et al., 2010) and in a Japanese
study among patients with type 2 diabetes (Suwa et al., 2006). In
contrast, a study in Turkey observed that serum BDNF concentrations
were lower in obese (BMI =30kg/m?) than non-obese participants
(BMI <25.0 kg/mz) (Celik Guzel et al., 2014). Moreover, serum BDNF
concentrations were not associated with BMI among apparently healthy
men and women in Hong Kong (Chan et al., 2008) and the Netherlands
(Bus et al., 2011). Similarly, there was no association between plasma
BDNF and BMI among depressed and control participants in an elderly
US population (Pillai et al., 2012). BDNF is involved in not only neu-
rological development but also body weight control and energy
homeostasis, and BDNF deficiency causes decreased satiety and hy-
perphagia through impairment in hypothalamic and hippocampal
functions including the mechanisms associated with appetite regulation
(Rosas-Vargas et al., 2011). However, the following is also suggested.
Proinflammatory cytokines can stimulate BDNF secretion from mono-
cytes (Kerschensteiner et al., 1999; Schulte-Herbruggen et al., 2005);
thus, the elevated BDNF levels may be indicative of an inflammatory
state associated with greater adiposity (Thorand et al., 2006; Warnberg
et al., 2006). Given the inconsistent epidemiological data and different
mechanistic explanation, further investigation is required for the asso-
ciation between obesity and BDNF.

Our finding that serum BDNF concentrations were higher in current
smokers than in never-smokers is consistent with those from large-scale
studies in the Netherlands (Bus et al., 2011, 2012; Jamal et al., 2015)
and Thailand (Suriyaprom et al., 2013). Moreover, serum BDNF con-
centrations tended to increase with the total number of smoking years
in the Dutch study (Jamal et al., 2015) and with the number of cigar-
ettes smoked per day in the Thai study (Suriyaprom et al., 2013). In
animal studies, BDNF mRNA and protein expression is increased in the
hippocampus after nicotine infusion (Andresen et al., 2009). Acute ni-
cotine administration reduces BDNF mRNA expression due to its in-
hibitory effect on BDNF mRNA (Kenny et al., 2000). However, after
chronic administration, tolerance to the inhibitory effect of nicotine on
BDNF mRNA develops, leading to increased BDNF expression
(Kenny et al., 2000).

Folate, vitamin D, EPA, and DHA have been reported to be asso-
ciated with depressive symptoms (Anglin et al., 2013; Bender et al.,
2017; Grosso et al., 2016). However, in the present study, serum
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Table 2
Multivariable-adjusted mean serum brain-derived neurotrophic factor concentrations (ng/mL) in relation to demographic and lifestyle factors.

Multivariable-adjusted model”
BDNF? (ng/mL) Trend P*

Age-, sex-, and site-adjusted model®
BDNF? (ng/mL) Trend P*

No of participants

Age® (year)

<30 (ref) 87 29.1 (27.7-30.4) 0.012 29.1 (27.7-30.5) 0.040
30-39 589 30.3 (29.8-30.8) 30.2 (29.6-30.7)

40-49 739 30.8 (30.3-31.3)° 30.9 (30.4-31.4)°

50-59 307 29.7 (29.0-30.4) 29.7 (29.0-30.5)

=60 128 27.4 (26.3-28.5) 27.4 (26.2-28.6)

Sex”

Men (ref) 1678 30.3 (30.0-30.6) <0.001 30.2 (29.9-30.5) 0.16
Women 172 28.4 (27.4-29.4)° 29.4 (28.3-30.5)

Site®

A (survey in April 2012) (ref) 1018 28.8 (28.4-29.2) <0.001 28.8 (28.4-29.2) <0.001
B (survey in May 2013) 832 31.7 (31.3-32.2)° 31.8 (31.3-32.2)°

BMI (kg/m?)

<21.0 (ref) 428 29.4 (28.8-30.0) 0.001 29.3 (28.7-30.0) 0.003
21.0-22.9 498 29.9 (29.3-30.4) 29.9 (29.3-30.5)

23.0-24.9 439 30.4 (29.8-31.0)° 30.6 (30.0-31.2)°

25.0-26.9 252 30.7 (29.9-31.5)° 30.7 (29.9-31.5)°

=27.0 233 30.9 (30.1-31.7)° 30.6 (29.8-31.5)°

Marital status

Married (ref) 1294 30.2 (29.9-30.6) 0.45 30.4 (30.0-30.7) 0.031
Others 556 30.0 (29.4-30.5) 29.6 (29.0-30.2)°

Job grade

Low (ref) 1225 30.3 (29.9-30.6) 0.14 30.2 (29.9-30.6) 0.23
Middle 357 30.1 (29.5-30.8) 30.2 (29.5-30.9)

High 268 29.5 (28.7-30.3) 29.6 (28.8-30.4)

Overtime work (hour/month)

<10 (ref) 554 29.8 (29.2-30.4) 0.49 29.8 (29.2-30.3) 0.34
10-29 828 30.4 (29.9-30.8) 30.3 (29.9-30.8)

= 30 468 30.1 (29.5-30.7) 30.2 (29.6-30.8)

Shift work

Day shift (ref) 1095 30.0 (29.6-30.4) 0.15 30.1 (29.8-30.5) 0.94
Flexible work 368 29.8 (29.1-30.5) 30.1 (29.4-30.8)

Midnight shift or shiftwork 387 30.7 (30.1-31.4) 30.1 (29.3-30.9)

Smoking status

Never (ref) 734 29.2 (28.7-29.7) <0.001 29.2 (28.8-29.7) <0.001
Past 569 29.9 (29.3-30.4) 29.9 (29.3-30.4)

<20 cigarettes/day 343 31.4 (30.7-32.1)° 31.3 (30.6-32.0)°

> 20 cigarettes/day 204 32.1 (31.3-33.0)° 32.1 (31.1-33.0)°

Alcohol drinking

Nondrinker (ref) 600 30.6 (30.1-31.1) 0.12 30.5 (29.9-31.0) 0.12
Occasional 241 29.9 (29.1-30.7) 30.2 (29.4-31.0)

<23 g of ethanol/day 498 29.6 (29.1-30.2)° 29.8 (29.2-30.4)

23-<46 g of ethanol/day 349 30.6 (29.9-31.3) 30.5 (29.8-31.2)

=46 g of ethanol/day 162 29.3 (28.3-30.3)° 29.0 (28.0-30.1)°

Work-related physical activity

Quartile 1 (ref) 486 29.9 (29.3-30.4) 0.09 30.0 (29.4-30.6) 0.85
Quartile 2 439 29.8 (29.2-30.5) 30.2 (29.5-30.8)

Quartile 3 461 30.3 (29.7-30.9) 30.4 (29.8-31.0)

Quartile 4 464 30.5 (29.9-31.1) 30.0 (29.3-30.7)

Leisure-time physical activity

Quartile 1 (ref) 496 30.7 (30.2-31.3) 0.003 30.5 (29.9-31.0) 0.075
Quartile 2 431 30.3 (29.7-30.9) 30.3 (29.6-30.9)

Quartile 3 455 30.1 (29.5-30.7) 30.1 (29.5-30.7)

Quartile 4 468 29.4 (28.8-30.0)° 29.7 (29.1-30.3)

History of diabetes

No (ref) 1796 30.1 (29.8-30.34 0.023 30.1 (29.8-30.4) 0.12
Yes 54 32.1 (30.4-33.9)° 31.5 (29.8-33.3)

Serum folate concentrations

Quartile 1 (ref) 466 30.6 (30.0-31.2) 0.08 30.2 (29.6-30.8) 0.87
Quartile 2 454 30.3 (29.7-30.9) 30.1 (29.6-30.7)

Quartile 3 474 29.9 (29.3-30.5) 30.1 (29.5-30.6)

Quartile 4 456 29.8 (29.2-30.4) 30.1 (29.5-30.7)

Serum 25(OH)D concentrations

Quartile 1 (ref) 467 30.6 (30.0-31.2) 0.013 30.4 (29.8-31.0) 0.18
Quartile 2 461 30.6 (30.0-31.2) 30.5 (30.0-31.1)

Quartile 3 459 29.6 (29.0-30.2)° 29.6 (29.0-30.2)

Quartile 4 463 29.7 (29.1-30.3)° 30.0 (29.4-30.6)

EPA intake

Quartile 1 (ref) 462 30.2 (29.6-30.8) 0.39 29.9 (28.7-31.2) 0.89
Quartile 2 463 30.1 (29.5-30.7) 30.1 (29.2-30.9)

Quartile 3 463 30.3 (29.7-30.9) 30.4 (29.5-31.2)

Quartile 4 462 29.9 (29.3-30.5) 30.2 (28.7-31.6)

DHA intake
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No of participants

Age-, sex-, and site-adjusted model’

Multivariable-adjusted model”

BDNF® (ng/mL) Trend P* BDNF® (ng/mL) Trend P*
Quartile 1 (ref) 462 30.2 (29.6-30.8) 0.39 30.3 (29.0-31.5) 0.80
Quartile 2 463 30.1 (29.5-30.7) 30.1 (29.3-31.0)
Quartile 3 463 30.3 (29.7-30.9) 30.2 (29.3-31.1)
Quartile 4 462 29.8 (29.3-30.4) 29.9 (28.5-31.4)

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; CES-D, Center for Epidemiologic Studies Depression Scale; CI, confidence interval; ref, reference.

Adjusted for all confounders which were noted in Table.
BDNF concentrations (ng/mL) are expressed as mean (95%CI).

Except for age from adjustment factors.

Except for sex from adjustment factors.
Except for site from adjustment factors.

® N o U s w N e

concentrations or dietary intake of these nutrients were not associated
with serum BDNF concentration. In a randomized controlled trial
among 26 older adults in Australia (Pirotta et al., 2015), serum BDNF
concentrations did not change after 10 weeks of intervention in either
the vitamin D supplement or placebo group. In a randomized controlled
trial among 110 injured patients vulnerable to posttraumatic stress
disorder and depression in Japan (Matsuoka et al., 2014), there was no
difference in serum BDNF between the DHA supplement and placebo
groups after 12 weeks. Similarly, in a randomized controlled study
among 25 diabetic patients with major depression in the Netherlands
(Bot et al., 2011), 12-week supplementation with omega-3 ethyl-eico-
sapentaenoic acid (E-EPA) had no effect on serum BDNF concentration.
Regarding folate, in a cross-sectional US study among 496 middle-aged
and elderly men and women (mean age approximately 70 years)
(Golden et al., 2010), plasma BDNF concentrations were inversely as-
sociated with plasma folate in women but not in men. In a Japanese
study among women aged 11-19 years (Tsuchimine et al., 2015), serum
folate concentrations were lower in patients with depression (n = 24)
than in healthy controls (n = 26), but serum BDNF did not differ be-
tween the two groups. Animal studies have shown that n-3 poly-
unsaturated fatty acid supplementation increases brain BDNF levels
(Venna et al., 2009). In animal studies, BDNF can cross the blood-brain
barrier (Pan et al., 1998) and cortical levels of BDNF are correlated with
serum BDNF levels (Karege et al., 2002). However, the correlation be-
tween peripheral serum BDNF levels and brain BDNF levels in humans
remains to be elucidated (Krishnan and Nestler, 2008).

A meta-analysis reported lower serum BDNF concentrations in de-
pressed participants than in healthy control participants, suggesting
that BDNF may be a biomarker for psychiatric disorders (Sen et al.,
2008). Contrary to our expectation, however, we did not observe an
association between serum BDNF concentration and depressive symp-
toms (as assessed using CES-D) among apparently healthy participants.
Similarly, an Italian study did not observe an association between
serum BDNF concentration and CES-D score (r = —0.032, P = 0.15) in
a community-based cohort (2099 men and women aged 51.4 + 15.3
years) (Terracciano et al., 2011). A German study also reported no
association of serum BDNF with depressive symptoms (as assessed using
the Patient Health Questionnaire) in a population-based cohort (3926
men and women aged 20-79 years) (Goltz et al., 2017). In the meta-
analysis, most of the studies examined outpatients or inpatients diag-
nosed with major depressive disorders (Sen et al., 2008). In contrast,
the present and the previous (Italian and German) studies examined
apparently healthy populations for an outcome of depressive symptoms
(not major depressive disorders). When we defined the outcome as
severe depressive symptoms (CES-D score =28), we observed that
serum BDNF concentrations were lower in participants with severe
depressive symptoms than without depressive symptoms. The Italian
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Adjusted for age (year, continuous), sex, and site (survey in April 2012 or in May 2013).

Based on multiple linear regression with assignment of ordinal number or median value for each category.

There was significant difference compared with the reference category of the variable.

study reported similar findings (Terracciano et al., 2011). The CES-D
scale was developed for use in epidemiological studies of depressive
symptomatology in general populations (Radloff, 1977), not for the
diagnosis of clinical depression. The lack of an association between
BDNF and depressive symptoms might be because the criteria CES-D
score =16 included many participants with light to moderate depres-
sive symptoms.

Strengths of the present study include a high study participation
rate; measurement of circulating BDNF, folate, and 25-hydroxyvitamin
D concentrations; use of validated questionnaires for diet and depres-
sive symptoms; and adjustment for known and suspected risk factors of
depressive symptoms. Because this study was conducted in employees
of one particular company during nonselective recruitment for the an-
nual health checkup and had a high study participation rate, the pos-
sibility of bias associated with selective study participation is low. Our
study also had some limitations. First, associations derived under a
cross-sectional design cannot indicate causality. To minimize the pos-
sibility of reverse causality, we excluded participants with a history of
serious diseases that might affect depressive symptoms or lifestyle
factors including dietary habits. Second, because lifestyle factors were
self-reported and serum BDNF were measured using single assay,
measurement error due to incorrect recall and random variation is in-
evitable. Third, we did not obtain information for antidepressive
medication, which may influence serum BDNF concentrations
(Sen et al., 2008). We confirmed that serum BDNF concentrations did
no differ between participants with and without mental disease under
treatment. Fourth, although we adjusted for important risk factors for
depressive symptoms, we cannot rule out the possibility of bias due to
unrecognized confounders or residual confounding. Finally, because the
study participants were workers of one particular company and most of
them (91%) were men, the present findings may not be applicable to
the general population.

In conclusion, we observed that lifestyle factors including BMI,
smoking, and alcohol consumption were significant predictors of serum
BDNF concentration. In contrast, dietary factors including serum folate
and 25-hydroxyvitamin D, and dietary intake of DHA and EPA were not
associated with serum BDNF concentration. Our finding may be useful
for the understanding of mechanism behind the association between
lifestyle factors and depression.
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