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Summary

Many recent clinical and epidemiological studies have demonstrated the effects of vitamin D on maternal depression,
yet few have examined the association of dietary intake of vitamin D with maternal depression. This study examined the
association of such intake with psychological distress during pregnancy and postpartum depressive symptoms at 1 month
after delivery. Data obtained from 104,102 pregnant women enrolled in the longitudinal Japan Environment and Children’s
Study were analyzed. Dietary vitamin D intake was determined using the Food Frequency Questionnaire, psychological
distress was assessed using the Kessler Psychological Distress Scale, and postpartum depressive symptoms were assessed
using the Edinburgh Postnatal Depression Scale. Multivariable logistic regression for psychological distress during mid-
late pregnancy revealed that odds ratios (ORs) for the second through fourth quintiles of vitamin D intake were significantly
lower compared with the reference level regardless of whether intake was before or during pregnancy. At 1 month after
delivery, vitamin D intake during pregnancy was associated with a reduced risk of postpartum depressive symptoms for
all except the first quintile of vitamin D intake: second quintile (0.88, 95% CI 0.82-0.94), third (0.83, 95% CI 0.78-0.89),
fourth (0.87, 95% CI 0.81-0.93), and fifth (0.90, 95% CI 0.83-0.97). Post-adjustment trend tests revealed a significant
association between dietary vitamin D intake during pregnancy and postpartum depressive symptoms (p for trend = 0.004).
Overall, dietary vitamin D intake was associated with lower risks of psychological distress during pregnancy and
postpartum depressive symptoms at 1 month after delivery, suggesting the potential applicability of dietary vitamin D in

reducing maternal depression.
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1. Introduction

Many recent clinical and epidemiological studies have demonstrated the effects of vitamin D on health. Vitamin D is
primarily involved in bone metabolism, and its deficiency can cause osteoporosis. We obtain vitamin D from dietary intake
(e.g., from fish and mushrooms) or synthesize it in the skin upon exposure to ultraviolet radiation in sunlight. Vitamin D
is hydroxylated in the liver and Kidneys to produce the active form of vitamin D (1,25-hydroxyvitamin D), which binds to
receptors and has various biological effects Y. These receptors are distributed widely throughout the body 2, including in
the brain . Vitamin D is therefore believed to be associated with brain function and thus with mental health 4.

Low blood levels of the active form of vitamin D are commonly observed in Japanese people, particularly women. One
of the cited reasons is that many women, worried about skin aging, use sunblock. Applying 2 mg per 1 cm? of sunblock
with sun protection factor-10 has been shown to reduce vitamin D synthesis in the skin by 90% 5. Moreover, roughly 80%
of all pregnant Japanese women are reported to have a vitamin D deficiency ©, with a mean vitamin D blood level of 16.7
+6.99 ng/mL. This is lower than in that of pregnant women in, for instance, Sweden (19 ng/mL) ") and Latvia (34.0 ng/mL)
8. Vitamin D deficiency in pregnant women is associated with risks that include preterm birth and gestational diabetes %
and should be prevented. However, in Japan, depending on the season, vitamin D deficiency can still develop even with
15 min or more exposure to sunlight daily ®. These findings suggest that exposure to sunlight alone is unlikely to prevent
vitamin D deficiency and thus that dietary vitamin D intake is also important in prevention.

Depression is a common mental disorder, with around 300 million people worldwide thought to be living with depression
10), 1ts risk factors include being female and certain life events 1Y. Among women, the major life events of pregnancy and
delivery have been found to be associated with an increased risk of maternal depression 2. Depression during pregnancy
is a known risk factor for postpartum depression ), and this consequent postpartum depression can diminish mothers’
quality of life, increase their suicide rate, and negatively affect their parenting 4. Preventing maternal depression is
therefore of the utmost importance.

Many epidemiological studies have examined the association between serum concentrations of vitamin D and maternal
depression 1918 but recent systematic reviews have found inconsistent evidence for the association %21, This lack of

definitive evidence might be due to differences among studies in relation to the participants’ background, sample size,



timing of measurements for the assessment of depression, and methods for measuring serum vitamin D levels. Although
serum vitamin D levels are the best indicator of vitamin D sufficiency in the body, the measurement results reflect
sufficiency not at the time of measurement but roughly 3 weeks earlier, as the half-life of vitamin D is approximately 3
weeks . Therefore, serum vitamin D may not be the optimal parameter for assessing vitamin D levels throughout a fixed
period such as pregnancy.

Using dietary intake of vitamin D as an alternative parameter may enable vitamin D sufficiency to be estimated
throughout pregnancy. However, only one study has examined the association between dietary intake of vitamin D and
maternal depression. In that study, Miyake et al. reported that dietary intake of vitamin D during pregnancy may be
associated with depressive symptoms during pregnancy ?2. However, their study included only 1,745 subjects and did not
examine how dietary intake of vitamin D during pregnancy is associated with depressive symptoms after delivery.

This study therefore examined the association of dietary vitamin D intake with psychological distress during pregnancy
and postpartum depressive symptoms at 1 month after delivery, using a large dataset comprising 104,102 fetal records
registered in the Japan Environment and Children’s Study (JECS), an ongoing national epidemiological study on children’s
health and environment. My a priori hypothesis was that dietary vitamin D intake whether before and/or during pregnancy
would be associated with a lower risk of psychological distress and postpartum depressive symptoms. This thesis is based

on the primary research article published for the study in 2023 23,

2. Methods
2.1. Study population

The JECS protocol has been described in detail elsewhere 2425, Briefly, as a nationwide government-funded birth cohort
study, the JECS aims to evaluate the impact of various environmental factors on child health and development. The
pregnant women enrolled were recruited from 15 Japanese regional centers between January 2011 and March 2014.
Eligibility criteria were as follows: residing in a study area at the time of recruitment and expecting to reside continuously
in Japan for the foreseeable future; having an expected delivery date between 1 August 2011 and mid-2014; and being able

to participate in the study without difficulty, that is, able to understand the Japanese language and complete a self-



administered questionnaire. Non-residents of the study areas were excluded from the study even if they visited cooperating
healthcare providers within the study areas.

The present study analyzed the jecs-ag-20160424 dataset released in June 2016 and the allbirth_revice001_ver001
dataset released in October 2016. The full dataset comprises 104,102 fetal records. In total, | excluded 1,003 records for
multiple births and 5,645 for multiple registrations as well as data for 29 pregnancies for women who withdrew from the
study. After then excluding questionnaires with incomplete answers, this left the following for final analysis: data for
77,741 pregnancies in early pregnancy, 77,074 pregnancies in mid-late pregnancy, and 74,840 pregnancies in the
postpartum period (Figure 1). The study protocol was approved by the Japanese Ministry of the Environment’s Institutional
Review Board on Epidemiological Studies (Approval No. 100910001), the ethics committees of all participating
institutions, and the Ethics Committee of the University of Toyama (Approval No. R2019035). The study was performed
in compliance with the principles of the Helsinki Declaration as revised in 2008. All participants provided written informed

consent.
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Fig. 1 Participant flow chart

2.2. Assessment of dietary vitamin D intake

Dietary intake of vitamin D was determined using the Food Frequency Questionnaire (FFQ), a semi-quantitative tool
that has been validated for use in large-scale Japanese epidemiologic studies 26). Data on vitamin D intake was collected
at two time points: (1) before pregnancy (covering 1 year before learning of the pregnancy); (2) during pregnancy (covering

dietary intake after learning of the pregnancy up until mid-late pregnancy). Pregnant women were asked how often they



consumed each food type. Portion size for each food type was categorized as small (50% smaller than standard), medium
(same as standard), or large (50% larger than standard). Nine frequency categories for each item were used: less than 1
time/month, 1-3 times/month, 1-2 times/week, 3-4 times/week, 5-6 times/week, every day, 2-3 times/day, 4-6 times/day,

and > 7 times/day. | used standard tables of food composition to calculate the daily intake of vitamin D.

2.3. Assessment of psychological distress
The K6 was administrated during early pregnancy and again during mid-late pregnancy. The K6 was developed by
Kessler et al. 2" and the Japanese version was validated by Furukawa et al 28). The K6 comprises six items rated on a 5-
point scale (range O to 4). The total score ranges from 0 to 24, with higher scores indicating a greater degree of
psychological distress. | defined a K6 score > 13 as indicating psychological distress as this has been suggested to be the

optimal cut-off to balance false-positive and false-negative results 29,

2.4, Assessment of postpartum depressive symptoms

The Edinburgh Postnatal Depression Scale (EPDS) was used to assess postpartum depressive symptoms 1 month after
delivery. The EPDS consists of 10 items rated on a 4-point scale (range 0 to 3) 29. I defined an EPDS score > 9 as indicating
postpartum depressive symptoms. This value has been suggested to be the optimal cut-off for the Japanese population, and

its validity and reliability have been reported 3.

2.5. Statistical analysis

Data are expressed as the mean + standard deviation or median unless stated otherwise. To estimate the risks of
psychological distress and postpartum depressive symptoms for each level of vitamin D intake, | categorized participants
according to quintile of vitamin D intake based on the findings of previous studies 2. Then, | examined the association of
the following possible combinations of factors: (1) vitamin D intake before pregnancy and psychological distress during
early pregnancy; (2) vitamin D intake before pregnancy and psychological distress during mid-late pregnancy; (3) vitamin

D intake during pregnancy (covering dietary intake after learning of the pregnancy up until mid-late pregnancy) and



psychological distress during mid-late pregnancy; (4) vitamin D intake before pregnancy and postpartum depressive
symptoms at 1 month after delivery; and (5) vitamin D intake during mid-late pregnancy and postpartum depressive
symptoms at 1 month after delivery.

I then performed logistic regression analysis to calculate odds ratios (ORs) and 95% confidence intervals (CIs). In tests
for trends, categorical numbers were assigned to quintile distributions for vitamin D intake and were evaluated as
continuous variables.

Confounders and covariates considered in this study were as follows: energy intake; maternal age when the first
questionnaire was administered; pre-pregnancy body mass index (< 18.5, 18.5-25, or > 25 kg/m?); highest maternal
educational level (1, junior high or high school; 2, technical junior college, technical/vocational college, or associate
degree; or 3, bachelor’s or postgraduate degree); annual household income (< 4 million, 4-6 million, or > 6 million JPY);
alcohol intake in early pregnancy, which was used only for the analysis of psychological distress in early pregnancy (1,
never; 2, previously drank alcohol but quit; or 3, current drinker), and alcohol intake in mid-late pregnancy, which was
used for the analysis of psychological distress in mid-late pregnancy and for postpartum depressive symptoms at 1 month
after delivery (1, never; 2, previously drank alcohol but quit before learning of the pregnancy; 3, previously drank alcohol
but quit after learning of the pregnancy; or 4, current drinker); smoking status in early pregnancy, which was used only for
the analysis of psychological distress in the early pregnancy (1, never smoked; 2, previously smoked but quit before
learning of current pregnancy; 3, previously smoked but quit after learning of current pregnancy; or 4, current smoker) and
the same categorization of smoking status in mid-late pregnancy, which was used for the analysis of psychological distress
in the mid-late pregnancy and for postpartum depressive symptoms at 1 month after delivery; morning sickness (1, never;
2, nausea but no vomiting; 3, vomiting but able to eat; or 4, vomiting and unable to eat); physical activity during mid-late
pregnancy (MET-min/day; metabolic equivalent of task multiplied by the number of minutes per day); history of anxiety
disorder (yes or no); history of depression (yes or no); employment status during the mid-late pregnancy (yes or no); time
spent outside during the mid-late pregnancy (hours); study area; season when the questionnaire was answered (spring,
summer, fall, or winter); use of vitamin D supplementation (yes or no); and presence of neonatal physical anomaly for

only the analysis of postpartum depressive symptoms at 1 month after delivery 3. The variables were categorized



according to standard medical practice in Japan and/or the results of previous studies 3. Two-sided P values less than 0.05
were considered to indicate statistical significance. Data were analyzed using SAS version 9.4 software (SAS Institute Inc.,

Cary, NC).

3. Results
3.1 Participant characteristics

Table 1 shows the characteristics of the participants divided into five groups based on their daily vitamin D intake during
pregnancy. In groups with higher dietary vitamin D intake, participants were slightly older, had higher energy intake, had
a smaller proportion of underweight participants, and most did not smoke, tended to have higher education and annual

household income levels, and were more physically active.



Table 1. Characteristics of pregnant women according to quintile of vitamin D intake during pregnancy (n = 74,840)

Quintile of vitamin D intake

1 (low) 2 3 4 5 (high)
Median intake of vitamin D, pg/day 1.2 2.6 3.9 55 9.3
Median intake of energy 1254 1461 1589 1792 2142
Maternal age, years 29.9 30.7 31.1 314 315
Pre-pregnancy BMI, n (%)
<185 2,440 (16.3) 2,394 (16.5) 2,547 (16.1) 2,278 (15.5) 2,252 (15.2)
18.5-25 10,833 (72.4) 10,624 (73.2) 11,785 (74.5) 11,008 (74.8) 10,920 (73.7)
>25 1,691 (11.3) 1,504 (10.4) 1,497 (9.5) 1,425 (9.7) 1,642 (11.1)
Highest educational level, n (%)
Junior high school or high school 6,279 (42.0) 5,181 (35.7) 5,170 (32.7) 4,376 (29.8) 4,621 (31.2)
Technical junior college,
technical/vocational college, or
associate degree 6,057 (40.5) 6,172 (42.5) 6,767 (42.8) 6,324 (43.0) 6,510 (43.9)
Bachelor’s degree or
postgraduate degree 2,628 (17.6) 3,169 (21.8) 3,892 (24.6) 4,011 (27.3) 3,683 (24.9)
Annual household income (JPY),
n (%)
<4 million 6,976 (46.6) 5,936 (40.9) 5,960 (37.7) 5,183 (35.2) 5,363 (36.2)
4-6 million 4,623 (30.9) 4,826 (33.2) 5,463 (34.5) 4,975 (33.8) 5,068 (34.2)
> 6 million 3,365 (22.5) 3,760 (25.9) 4,406 (27.8) 4,553 (31.0) 4,383 (29.6)
Alcohol intake, n (%)
Never 5,242 (35.0) 4,938 (34.0) 5,214 (32.9) 4,732 (32.2) 4,742 (32.0)
Quit before learning of pregnancy 2,324 (15.5) 2,293 (15.8) 2,522 (15.9) 2,469 (16.8) 2,722 (18.4)
Quit after learning of pregnancy 7,073 (47.3) 6,912 (47.6) 7,633 (48.2) 7,074 (48.1) 6,897 (46.6)
Current drinker 325 (2.2) 379 (2.6) 460 (2.9) 436 (3.0) 453 (3.1)
Smoking status, n (%)
Never 8,095 (54.1) 8,414 (57.9) 9,506 (60.1) 8,999 (61.2) 8,849 (59.7)
Smoked previously but quit
before learning of pregnancy 3,460 (23.1) 3,424 (23.6) 3,731 (23.6) 3,539 (24.1) 3,629 (24.5)
Smoked previously but quit after
learning of pregnancy 2,593 (17.3) 2,058 (14.2) 1,971 (12.5) 1,675 (11.4) 1,780 (12.0)
Current smoker 816 (5.5) 626 (4.3) 621 (3.9) 498 (3.4) 556 (3.8)
Morning sickness, n (%)
Never 2,633 (17.6) 2,508 (17.3) 2,629 (16.6) 2,440 (16.6) 2,536 (17.1)
Nausea but no vomiting 6,175 (41.3) 6,382 (44.0) 7,000 (44.2) 6,418 (43.6) 6,289 (42.5)
Vomiting but being able to eat 4,316 (28.8) 4,029 (27.7) 4,584 (29.0) 4,255 (28.9) 4,460 (30.1)
Vomiting and being unable to eat 1,840 (12.3) 1,603 (11.0) 1,616 (10.2) 1,598 (10.9) 1,529 (10.3)
Median physical activity (METs: 58.9 66.0 70.7 70.7 84.9
min/day)
History of anxiety disorder, yes (%) 503 (3.4) 443 (3.1) 379 (2.4) 371 (2.5) 433 (2.9)
History of depression, yes (%) 504 (3.4) 433 (3.0) 457 (2.9) 418 (2.8) 430 (2.9)
Employed, n (%) 8,585 (57.4) 7,868 (54.2) 8,461 (53.5) 7,934 (53.9) 7,917 (53.4)
Major congenital anomaly, yes (%) 348 (2.3) 326 (2.2) 348 (2.2) 333(2.3) 340 (2.3)
Time spent outdoors durin
second?third trimester, h ’ 17 16 17 17 18
Season when questionnaire was
answered, n (%)
Spring 3,360 (22.5) 3,304 (22.8) 3,621 (22.9) 3,472 (23.6) 3,408 (23.0)
Summer 3,643 (24.4) 3,535 (24.3) 3,864 (24.4) 3,631 (24.7) 3,602 (24.3)
Fall 4,546 (30.4) 4,313 (29.7) 4,559 (28.8) 4,203 (28.6) 4,261 (28.8)
Winter 3,415 (22.8) 3,370 (23.2) 3,785 (23.9) 3,405 (23.2) 3,543 (23.9)
Use of vitamin D supplementation,
yes (%) 15 (0.1) 24 (0.2) 21(0.1) 29 (0.2) 23(0.2)

BMI, body mass index. JPY, Japanese yen. METSs, metabolic equivalents



3.2. Dietary vitamin D intake and the risk of psychological distress

Table 2 shows the participants divided into 5 groups based on their daily vitamin D intake and shows the ORs and 95%
Cls for psychological distress according to quintile of vitamin D intake relative to the first quintile. Multivariable logistic
regression of vitamin D intake before pregnancy revealed that ORs for psychological distress during early pregnancy were
significantly lower only in the second, third, and fifth quintiles (0.78, 95% C1 0.69-0.89; 0.82, 95% CI 0.72-0.93; and 0.85,
95% CI 0.74-0.97, respectively), and the trend test was not significant. As for vitamin D intake before pregnancy and
during pregnancy, ORs for the second to fourth quintile were significantly lower during mid-late pregnancy. Post-
adjustment trend tests revealed significant associations between vitamin D intake during pregnancy and psychological
distress during mid-Ilate pregnancy (p for trend = 0.03), although no significant association was observed between vitamin

D intake before pregnancy and psychological distress during mid-late pregnancy.

Table 2. Odds ratios (95% confidence intervals) for psychological distress according to quintile of vitamin D intake

Quintile of vitamin D intake p-¥g:ue
1 (low) 2 3 4 5 (high) trend

Vitamin D intake before pregnancy and psychological distress during early pregnancy (n = 77,741)

Median intake of vitamin D, pg/day 14 3.0 4.3 6.0 10.1

K6 <13,n 14,616 15,260 15,125 15,290 14,805

K6>13,n 602 458 469 523 593

Crude odds ratio 1.00 0.73(0.64-0.82) 0.75(0.67-0.85)  0.83(0.74-0.94) 0.97 (0.87-1.09) 0.66

Adjusted odds ratio ® 1.00 0.78 (0.69-0.89)  0.82(0.72-0.93)  0.89 (0.79-1.02) 0.85(0.74-0.97) 0.16
Vitamin D intake before pregnancy and psychological distress during mid-late pregnancy (n = 77,068)

Median intake of vitamin D, pg/day 14 3.0 4.3 6.0 10.1

K6 <13,n 14,623 15,051 14,997 15,198 14,772

K6=>13,n 556 451 413 437 570

Crude odds ratio 1.00 0.79 (0.69-0.89) 0.72 (0.64-0.82)  0.76 (0.67-0.86) 1.01 (0.90-1.14) 1.00

Adjusted odds ratio ® 1.00 0.86 (0.76-0.98)  0.81(0.70-0.92)  0.84 (0.73-0.96) 0.92 (0.81-1.06) 0.19
Vitamin D intake during pregnancy and psychological distress during mid-late pregnancy (n = 77,074)

Median intake of vitamin D, pg/day 12 2.6 3.9 55 9.3

K6 <13,n 14,884 14,498 15,800 14,731 14,734

K6>13,n 601 453 430 414 529

Crude odds ratio 1.00 0.77 (0.68-0.88)  0.67 (0.59-0.76)  0.70 (0.61-0.79) 0.89 (0.79-1.00) 0.01

Adjusted odds ratio ® 1.00 0.84 (0.74-0.96)  0.76 (0.67-0.87)  0.79 (0.69-0.90) 0.89 (0.77-1.01) 0.03

K6, Kessler Psychological Distress Scale.

2Adjusted for age, energy intake, pre-pregnancy body mass index, highest maternal educational level, annual household income, alcohol
intake, smoking status, morning sickness, physical activity, employment status, history of anxiety disorder, history of depression, time spent
outdoors during pregnancy, study area, season when the questionnaire was answered, and use of vitamin D supplementation.

Values in bold indicate significance (p < 0.05).

3.3. Dietary vitamin D intake and risk of postpartum depressive symptoms

Table 3 shows participants divided into 5 groups based on their daily vitamin D intake and shows the ORs and 95% Cls

10



for postpartum depressive symptoms according to quintile of vitamin D intake relative to the first quintile. Multivariable
logistic regression of vitamin D intake before pregnancy revealed that ORs for postpartum depressive symptoms at 1 month
after delivery were significantly lower in the second to fifth quintiles (0.89, 95% CI 0.83-0.95; 0.84, 95% CI 0.78-0.89;
0.86, 95% CI 0.80-0.92; and 0.90, 95% CI 0.83-0.97, respectively). Post-adjustment trend tests showed significant
associations (p for trend = 0.002). As for vitamin D intake during pregnancy, ORs for the second to fifth quintile were
significantly lower at 1 month after delivery (0.88, 95% CI 0.82-0.94; 0.83, 95% CI 0.78-0.89; 0.87, 95% CI 0.81-0.93;
and 0.90, 95% CI 0.83-0.97, respectively). Post-adjustment trend tests also revealed significant associations between

dietary vitamin D intake during pregnancy and postpartum depressive symptoms (p for trend = 0.004).

Table 3. Odds ratios (95% confidence intervals) for postpartum depressive symptoms according to quintile of vitamin D intake

Quintile of vitamin D intake p-\f/g:ue
1 (low) 2 3 4 5 (high) trend

Vitamin D intake before pregnancy and postpartum depressive symptoms at 1 month after delivery (n = 74,834)

Median intake of vitamin D, pg/day 14 3.0 4.3 6.0 10.1

EPDS<9,n 12,432 13,037 13,110 13,208 12,593

EPDS>9,n 2,242 2,040 1,906 2,009 2,257

Crude odds ratio 1.00 0.87(0.81-0.93)  0.81 (0.75-0.86)  0.84 (0.79-0.90) 0.99 (0.93-1.06) 0.60

Adjusted odds ratio 1.00 0.89 (0.83-0.95)  0.84 (0.78-0.89)  0.86 (0.80-0.92) 0.90 (0.83-0.97) 0.002
Vitamin D intake during pregnancy and postpartum depressive symptoms at 1 month after delivery (n = 74,840)

Median intake of vitamin D, pg/day 1.2 2.6 3.9 55 9.3

EPDS<9,n 12,643 12,555 13,813 12,745 12,627

EPDS>9,n 2,321 1,967 2,016 1,966 2,187

Crude odds ratio 1.00 0.85(0.80-0.91)  0.80 (0.75-0.85)  0.84 (0.79-0.90) 0.94 (0.89-1.01) 0.06

Adjusted odds ratio ® 1.00 0.88 (0.82-0.94)  0.83(0.78-0.89)  0.87 (0.81-0.93)  0.90 (0.83-0.97) 0.004

EPDS, Edinburgh Postnatal Depression Scale

aAdjusted for age, energy intake, pre-pregnancy body mass index, maternal highest educational level, annual household income, alcohol intake,
smoking status, morning sickness, physical activity, employment status, history of anxiety disorder, history of depression, major congenital
anomaly, time spent outdoors during pregnancy, study area, season when the questionnaire was answered, and use of vitamin D
supplementation.

Values in bold indicate significance (p < 0.05).

4. Discussion

Using data from the JECS, | performed logistic regression analysis of the associations of dietary vitamin D intake with
psychological distress and postpartum depressive symptoms. | found that dietary vitamin D intake was associated with a
reduced risk of psychological distress during pregnancy and postpartum depressive symptoms at 1 month after delivery.
For postpartum depressive symptoms, vitamin D intake showed a significant inverse association. To my knowledge, this

is the first study to have examined the relationship between dietary vitamin D intake and postpartum depressive symptoms.
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The aforementioned cross-sectional study that Miyake et al. conducted with 1,745 Japanese women found that dietary
intake of vitamin D may reduce the risk of depression during pregnancy 2?. In that study, compared to the group with the
lowest vitamin D intake, the group with the highest vitamin D intake (median= 8.5 pg/day) during pregnancy (5-39 weeks)
had a significantly reduced risk of depressive symptoms during pregnancy (5-39 weeks) even after adjusting for covariates
(0.52, 95% CI 0.30-0.89). However, in the present study, compared to the group with the lowest vitamin D intake (first
quintile), even the groups with higher but not the highest vitamin D intake during pregnancy demonstrated a reduced risk
of psychological distress: second quintile (0.84, 95% CI 0.74—0.96), third quintile (0.76, 95% CI 0.67—0.87), and fourth
quintile (0.79, 95% CI 0.69—0.90). This discrepancy in results may involve the difference in the percentages of women
with depressive symptoms in the populations. In the study by Miyake et al., 24.1% of women in the reference group (with
the lowest vitamin D intake) had depressive symptoms, compared with roughly 4% of participants who exceeded the cutoff
value for psychological distress in the present study. This suggests that the two populations differed in terms of health
status and their abilities to metabolize and formulate active vitamin D. Furthermore, this discrepancy in results may also
involve differences in the methods used for estimating vitamin D intake. In this study, I used the FFQ to estimate dietary
vitamin D intake, whereas Miyake et al. used the Diet History Questionnaire (DHQ). The FFQ is a tool for estimating the
amount of food intake from the frequency of food intake over a certain period, and its questions are easy for participants
to answer. The FFQ is therefore considered suitable for large-scale epidemiological studies like the present study. In
contrast, the DHQ includes questions not only about the frequency of food intake but also about cooking methods and
seasonings 3%, and as such, the DHQ is superior because it can determine vitamin D intake with greater accuracy 3¢. In
addition, the present study was primarily a cohort study, while that of Miyake et al. was a cross-sectional study. This
difference in study design may have contributed to the difference in results.

The mechanism underlying the association of dietary vitamin D intake with psychological distress during pregnancy
and postpartum depressive symptoms has not been sufficiently determined. However, an increased requirement for calcium
during pregnancy enhances the ability to produce active vitamin D, suggesting that serotonin secretion is enhanced and
that the risk of psychological distress during pregnancy is reduced regardless of the timing of vitamin D intake 37). This

enhanced ability to produce active vitamin D during pregnancy typically reverts to normal after delivery. However, after
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delivery, women require around 6—8 weeks to return to their pre-pregnancy physical status. Therefore, at 1 month after
delivery, when this study was conducted, this ability may have been higher than normal, and the risk of depressive
symptoms may have decreased according to the same mechanism as during pregnancy.

Interestingly, for almost all of the associations examined, participants in the third quintile of vitamin D intake had the
lowest risk of psychological distress during pregnancy and postpartum depressive symptoms. As in the study by Nielsen
etal '), T found the relationship between vitamin D intake and OR to be an inverted J-shape. Nielsen et al. found that high
serum concentrations of vitamin D during pregnancy were associated with a higher risk of postpartum depression, which
they speculated might be caused by a reduced level of active vitamin D. Active vitamin D, which is involved in various
biological functions, is hydrolyzed into inactive vitamin D (24,25-dehydroxyvitamin D) when serum concentrations of
calcium are normal or high 3739, In the second/third trimester, increased calcium requirements lead to reduced serum
concentrations of calcium, thereby potentially enhancing the production of active vitamin D. However, in the present study,
the group with the highest vitamin D intake had higher intake of calcium compared with the group that had the lowest
vitamin D intake. This high intake of calcium may have elevated serum concentrations of calcium to normal or high levels
and thus inhibited active vitamin D production, which may be why vitamin D intake was only weakly associated with
psychological distress and postpartum depressive symptoms among the group of participants with the highest vitamin D
intake. However, because the results rarely changed when adjusted for calcium intake during pregnancy (data not shown),
further studies concerning calcium intake are required. Another potential explanation for this phenomenon is overweight.
In the present study, analysis of BMI before pregnancy revealed that overweight (BMI=25) was lowest in the third quintile.
Overweight has been demonstrated to increase the risk of depression in women 49, Therefore, factors associated with
unadjusted overweight may have increased the risk of depressive symptoms in groups with higher vitamin D intake.

This is the largest study to date that has investigated the association of dietary intake of vitamin D with psychological
distress and postpartum depressive symptoms. Moreover, because the study was conducted in 15 regional centers across
Japan, the participants can be considered representative of pregnant women in Japan, unlike in Miyake et al.’s study where
they mentioned the possibility that their participants were not representative of Japanese women in the general population

22) However, there are several limitations to my study. First, although | employed the EPDS screening tool, which has
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been validated and is widely used, the FFQ has not been validated for use with pregnant women. Second, the observational
study design may have included unmeasured residual factors that might have confounded the results. Third, although the
results were adjusted for season, outdoor activity time, and study area, they were not adjusted for duration of exposure to
sunlight, which greatly affects vitamin D levels in the body. Finally, | cannot rule out the possibility that excluding
approximately 30,000 women based on the eligibility criteria, while necessary, may have introduced some selection bias.

In conclusion, the results of this study suggest that dietary vitamin D intake might be associated with reduced risks of
psychological distress and postpartum depressive symptoms. These findings can contribute to the prevention of maternal
depression. Further investigations, particularly dose-response relationships and biological mechanisms are required to

confirm these findings.

Acknowledgments

I would like to thank all the participants in this study and all of the individuals involved in data collection.

I would also like to thank the members of the JECS Group as of 2023: Michihiro Kamijima (Principal Investigator,
Nagoya City University, Nagoya, Japan), Shin Yamazaki (National Institute for Environmental Studies, Tsukuba, Japan),
Yukihiro Ohya (National Center for Child Health and Development, Tokyo, Japan), Reiko Kishi (Hokkaido University,
Sapporo, Japan), Nobuo Yaegashi (Tohoku University, Sendai, Japan), Koichi Hashimoto (Fukushima Medical University,
Fukushima, Japan), Chisato Mori (Chiba University, Chiba, Japan), Shuichi Ito (Yokohama City University, Yokohama,
Japan), Zentaro Yamagata (University of Yamanashi, Chuo, Japan), Hidekuni Inadera (University of Toyama, Toyama,
Japan), Takeo Nakayama (Kyoto University, Kyoto, Japan), Tomotaka Sobue (Osaka University, Suita, Japan), Masayuki
Shima (Hyogo Medical University, Nishinomiya, Japan), Seiji Kageyama (Tottori University, Yonago, Japan), Narufumi
Suganuma (Kochi University, Nankoku, Japan), Shoichi Ohga (Kyushu University, Fukuoka, Japan), and Takahiko Katoh
(Kumamoto University, Kumamoto, Japan).

The findings and conclusions of this article are solely the responsibility of the author and do not represent the official

views of the Ministry of the Environment, Japan.

14



References

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

Zhang R, Naughton DP. 2010. Vitamin D in health and disease: current perspectives. Nutr J 9:65.

Brumbaugh PF, Haussler MR. 1973. 1Alpha,25-dihydroxyvitamin D3 receptor: competitive binding of vitamin D
analogs. Life Sci 13:1737-1746.

Eyles DW, Smith S, Kinobe R, Hewison M, McGrath JJ. 2005. Distribution of the vitamin D receptor and 1 alpha-
hydroxylase in human brain. J Chem Neuroanat 29:21-30.

Anjum |, Jaffery SS, Fayyaz M, Samoo Z, Anjum S. 2018. The role of vitamin D in brain health: a mini literature
review. Cureus 10:e2960.

Balk SJ. 2011. Ultraviolet radiation: a hazard to children and adolescents. Pediatrics:791-817.

Kanatani KT, Nakayama T, Adachi Y, Hamazaki K, Onishi K, et al. 2019. High frequency of vitamin D deficiency in
current pregnant Japanese wimen associated with UV avoidance and hypo-vitamin D diet. PLoS ONE 14:e0213264.
Saraf R, Morton SM, Camargo CAJr, Grant CC. 2016. Global summary of maternal and newborn vitamin D status-A
systematic review. Matern Child Nutr 12:647-668.

Meija L, Piskurjova A, Nikolajeva K, Aizbalte O, Rezgale R, et al. 2023. Vitamin D intake and serum levels in pregnant
and postpartum women, Nutrients 15:3493.

Aghajafari F, Nagulesapillai T, Ronksley PE, Tough SC, O'Beirne M, et al. 2013. Association between maternal serum
25-hydroxyvitamin D level and pregnancy and neonatal outcomes: Systematic review and meta-analysis of
observational studies. BMJ 346:f1169.

GBD Disease and Injury Incidence and Prevalence Collaborators. 2018. Global, regional, and national incidence,
prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a
systematic analysis for the Global Burden of Disease Study. 2017. Lancet 392:1789-1858.

Hammen C. 2018. Risk Factors for Depression: An Autobiographical Review. Annu Rev Clin Psychol 14:1-28.

Brummelte S, Galea LA. 2016. Postpartum depression: Etiology, treatment and consequences for maternal care. Horm
Behav 77:153-166.

Agrawal |, Mehendale AM, Malhotra R. 2022. Risk factors of postpartum depression. Cureus 14:e30898.

15



14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Letourneau NL, Dennis CL, Cosic N, Linder J. 2017. The effect of perinatal depression treatment for mothers on
parenting and child development: A systematic review. Depress Anxiety 34:928-966.

Robinson M, Whitehouse AJ, Newnham JP, Gorman S, Jacoby P, Holt BJ, et al. 2014. Low maternal serum vitamin D
during pregnancy and the risk for postpartum depression symptoms. Arch Womens Ment Health 17:213-219.

Gur EB, Gokduman A, Turan GA, Tatar S, Hepyilmaz I, Zengin EB, et al. 2014. Mid-pregnancy vitamin D levels and
postpartum depression. Eur J Obstet Gynecol Reprod Biol 179:110-116.

Nielsen NO, Strom M, Boyd HA, Andersen EW, Wohlfahrt J, Lundqvist M, et al. 2013. Vitamin D status during
pregnancy and the risk of subsequent postpartum depression: a case-control study. PLoS One 8:e80686.

Brandenbarg J, Vrijkotte TG, Goedhart G, van Eijsden M. 2012. Maternal early-pregnancy vitamin D status is
associated with maternal depressive symptoms in the Amsterdam born children and their development cohort.
Psychosom Med 74:751-757.

Aghajafari F, Letourneau N, Mahinpey N, Cosic N, Giesbrecht G. 2018. Vitamin D deficiency and antenatal and
postpartum depression: a systematic review. Nutrients 10:478-493.

Wang J, Liu N, Sun W, Chen D, Zhao J, Zhang W. 2018. Association between vitamin D deficiency and antepartum
and postpartum depression: a systematic review and meta-analysis of longitudinal studies. Arch Gynecol Obstet
298:1045-1059.

Amini S, Jafarirad S, Amani R. 2019. Postpartum depression and vitamin D: A systematic review. Crit Rev Food Sci
Nutr 59:1514-1520.

Miyake Y, Tanaka K, Okubo H, Sasaki S, Arakawa M. 2015. Dietary vitamin D intake and prevalence of depressive
symptoms during pregnancy in Japan. Nutrition 31:160-165.

Tsunoda K, Hamazaki K, Matsumura K, Kasamatsu H, Tsuchida A, et al. 2023. Dietary intake of vitamin D during
pregnancy and the risk of postpartum depressive symptoms: The Japan Environment and Children's Study. J Nutr Sci
Vitaminol 69:14-20.

Kawamoto T, Nitta H, Murata K, Toda E, Tsukamoto N, Hasegawa M, et al. 2014. Rationale and study design of the

Japan environment and children's study (JECS). BMC Public Health 14:25.

16



25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

Michikawa T, Nitta H, Nakayama SF, Yamazaki S, Isobe T, Tamura K, et al. 2018. Baseline profile of participants in
the Japan Environment and Children’s Study (JECS). J Epidemiol 28:99-104.

Yokoyama Y, Takachi R, Ishihara J, Ishii Y, Sasazuki S, Sawada N, et al. 2016. Validity of short and long self-
administered food frequency questionnaires in ranking dietary intake in middle-aged and elderly Japanese in the Japan
Public Health Center-Based Prospective Study for the Next Generation (JPHC-NEXT) Protocol Area. J Epidemiol
26:420-432.

Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SL, et al. 2002. Short screening scales to monitor
population prevalences and trends in non-specific psychological distress. Psychol Med 32:959-976.

Furukawa TA, Kawakami N, Saitoh M, Ono Y, Nakane Y, Nakamura Y, et al. 2008. The performance of the Japanese
version of the K6 and K10 in the World Mental Health Survey Japan. Int J Methods Psychiatr Res 17:152-158.

Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E, et al. 2003. Screening for serious mental illness in
the general population. Arch Gen Psychiatry 60:184-189.

Cox JL, Holden JM, Sagovsky R. 1987. Detection of postnatal depression. Development of the 10-item Edinburgh
Postnatal Depression Scale. Br J Psychiatry 150:782-786.

Okano T, Murata M, Masuji F, Tamaki R, Nomura J, Miyaoka H, et al. 1996. Validation and reliability of Japanese
version of EPDS [Japanese Article]. Arch Psychiatry Diagn Clin Eval 7:525-533.

Shimizu M, Kato T, Adachi Y, Wada T, Murakami S, Ito Y, et al. 2022. Association between maternal vitamin D
intake and infant allergies: The Japan Environment and Children’s Study. J Nutr Sci Vitaminol 68:375-382.

Mezawa H, Tomotaki A, Yamamoto-Hanada K, Ishitsuka K, Ayabe T, Konishi M, et al. 2019. Prevalence of
Congenital Anomalies in the Japan Environment and Children's Study. J Epidemiol 29:247-256.

Matsumura K, Hamazaki K, Tsuchida A, Inadera H, JECS Group. 2021. Omega-3 fatty acid intake during pregnancy
and risk of infant maltreatment: a nationwide birth cohort — the Japan Environment and Children’s Study. Psychol Med
Online ahead of print:1-10, doi: 10.1017/S0033291721002427.

Sasaki S, Yanagibori R, Amano K. 1998. Validity of a self-administered diet history questionnaire for assessment of

sodium and potassium: comparison with single 24-hour urinary excretion. Jpn Circ J 62:431-435.

17



36) Subar AF, Ziegler RG, Thompson FE, Johnson CC, Weissfeld JL, Reding D, et al. 2001. Is shorter always better?
Relative importance of questionnaire length and cognitive ease on response rates and data quality for two dietary
questionnaires. Am J Epidemiol 153:404-409.

37) Patrick R, Ames BN. 2015. Vitamin D and the omega-3 fatty acids conyrol serotonin synthesis and action, Part 2:
relevance for ADHD, bipolar disorder, schizophrenia, and impulsive behavior. FASEB J 29:2207-2222.

38) Boyle IT, Gray RW, DelLuca HF. 1971. Regulation by calcium of in vivo synthesis of 1,25-dihydroxycholecalciferol
and 21,25-dihydroxycholecalciferol. Proc Natl Acad Sci USA 68:2131-2134.

39) Garabedian M, Holick MF, Deluca HF, Boyle IT. 1972. Control of 25-hydroxycholecalciferol metabolism by
parathyroid glands. Proc Natl Acad Sci USA 69:1673-1676.

40) Jung SJ, Woo HT, Cho S, Park K, Jeong S, et al. 2017. Association between body size, weight change and depression:

systematic review and meta-analysis. Br J Psychiatry 211:14-21.

18



