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Abstract

Background

Vitamin D is an essential nutrient for maintaining blood calcium and phosphorus levels and

controlling bone density. Deficiency in it leads to rickets, osteomalacia, osteoporosis, and

various other diseases. Recently, it has gained attention for reportedly reducing the risk of

COVID-19 severity. However, there are no reports evaluating pregnant women in the Hok-

kaido region of Japan. This study aims to elucidate the current status of vitamin D levels in

pregnant women in the Hokkaido region.

Methods

This study measured the serum concentrations of Vitamin D2 and D3 in 206 pregnant

women participating in the Japan Environment and Children’s Study-Hokkaido sub-cohort

at the Hokkaido Regional Center. It analyzed the relationship between these concentrations

and the months, seasons, and sunshine hours.

Results

The mean maternal age was 31.7 ± 4.7 years, and the mean prepregnancy BMI was 21.0 ±
2.5 kg/m2. Only two women have given birth at least once. Regarding sunscreen use, 65

participants (31.6%) responded “often” or “sometimes.” Five women used the supplement

containing Vitamin D. The value of 25(OH)D2 was above 1 ng/ml in four of them. The aver-

age 25(OH)D3 level was 12.1 ng/ml, with a median of 11.0 ng/ml. Four participants (1.9%)

had levels below 5 ng/ml. The highest median of 25(OH)D3 was in July, and the lowest was

in April. The concentration of 25(OH)D3 was significantly higher in summer than in winter. A
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correlation was found between 25(OH)D3 and sunshine hours, with 25(OH)D3 concentra-

tions gradually increasing as sunshine hours increase.

Conclusion

It was found that almost all pregnant women in Hokkaido were deficient in vitamin D. It is

necessary to implement measures to enhance vitamin D levels in pregnant women to safe-

guard the health of women and fetuses in Hokkaido.

Introduction

Vitamin D is classified into two types: vitamin D2 (ergocalciferol) and vitamin D3 (cholecalcif-

erol). Vitamin D2 is derived from plants such as mushrooms, while Vitamin D3 comes from

animals such as fish and is also produced in the skin through exposure to sunlight [1]. They

have different side chains but are metabolized similarly and have the same physiological

effects. Both are metabolized to 25-hydroxyvitamin D in the liver, and this form is further

metabolized to 1α,25-dihydroxyvitamin D, the active form, in the kidney. 1α,25-dihydroxyvi-

tamin D binds to Vitamin D receptors in the nucleus of a target cell, inducing gene expression

of Vitamin D-dependent proteins, thereby exerting its effects [2].

Vitamin D maintains blood calcium and phosphorus levels and controls bone density. A

deficiency in it leads to rickets, osteomalacia, and osteoporosis [2]. Recently, vitamin D has

been shown to have immunomodulatory and antiviral effects [3,4]. It has received further

attention for its reported potential to reduce the risk of COVID-19 severity [5]. In addition,

vitamin D is also known to be involved in common cancers, autoimmune diseases, infectious

diseases, and cardiovascular diseases [6,7], and it is one of the important nutritional factors for

leading a healthy life. Recently, due to concerns such as skin cancer prevention leading people

to avoid sunlight, Vitamin D deficiency has become a concern [2,8]. Young women are partic-

ularly concerned about Vitamin D deficiency because they use sunscreen and sunshades to

prevent skin tanning [9]. Pregnant women are similarly affected, as it is suggested they avoid

going outside more because hormones during pregnancy can cause spots [10]. Maternal low

vitamin D levels are associated with a higher risk of preeclampsia, gestational diabetes, preterm

birth, cesarean section, low birth weight, asthma or recurrent wheezing, and impaired neuro-

logical development in children [11–14]. Yorifuji et al, [15] reported that craniotabes in nor-

mal newborns reflects a mild form of rickets in utero and occurs due to vitamin D deficiency

in the pregnant woman, leading to vitamin D deficiency in the fetus. Vitamin D is an impor-

tant nutrient during pregnancy. There are numerous reports about assessing vitamin D in

pregnant women [16–18]. In Japan, the number of these reports is gradually increasing as the

importance of vitamin D becomes clearer [19–22]. However, as far as we are aware, there is no

report evaluating pregnant women in the Hokkaido region, Japan. It is crucial to assess the

current status of vitamin D to safeguard the health of pregnant women and their fetuses.

The Hokkaido region, situated at 43˚N latitude, is Japan’s northernmost area and falls

within the subarctic zone. The average temperature in Hokkaido is 9.2˚C, the lowest in Japan

(Fig 1). Moreover, Hokkaido is unique in Japan with its low typhoon risk, absence of a rainy

season, and extended snowfall duration. It is known that vitamin D levels change with the sea-

sons, generally being higher in the summer than in the winter [18], due to the body’s produc-

tion of vitamin D being linked to sunlight exposure. In Hokkaido, snow covers the ground for

about 4 months. In this season, it is risky for pregnant women to walk outdoors because they

might slip or fall. Therefore, it is predicted that pregnant women have low vitamin D levels
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due to limited outdoor exposure, with significant differences in vitamin D levels between sum-

mer and winter.

This study aims to analyze vitamin D levels in pregnant women in the Hokkaido region

and assess the impact of the climate in Hokkaido region. We measured the vitamin D levels in

206 pregnant women from the Hokkaido region and analyzed the differences across seasons.

Material and methods

1. Study participants

The Japan Environment and Children’s Study (JECS) is an ongoing prospective birth cohort

study involving approximately 100,000 parents and their children across 15 regions in Japan.

The JECS recruitment began in January 2011 and lasted until March 2014, spanning three

years. Hence, the JECS is comprised of 15 regional subcohorts. At the Hokkaido Regional Cen-

ter of the JECS, approximately 8,000 participants consist in the JECS-Hokkaido sub-cohort,

which is part of the JECS cohort. Of the roughly 8,000 participants, 215 randomly selected

individuals from the Sapporo region are under continuous investigation in an Additional

Study. This study involved 206 participants (Fig 2). This study was conducted as an Additional

Study at Hokkaido Regional Center in the JECS funded by the Ministry of the Environment,

Fig 1. Location and climate of Hokkaido.

https://doi.org/10.1371/journal.pone.0312516.g001
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Japan. This study was approved by the Ministry of the Environment, Japan, the National Insti-

tute for Environmental Studies, and the ethics committee of the Center for Environmental and

Health Sciences at Hokkaido University. Study participants were briefed on the study’s pur-

pose and method, the voluntary nature of research cooperation, the freedom to withdraw, the

benefits and disadvantages of participation, measures to protect personal information, and the

handling and disposal of data. They were also informed about the methods of presenting

research results and agreed to participate. The JECS received written consent from all partici-

pants. All studies were conducted in compliance with Declaration of Helsinki.

In this study, serum was collected by doctor, nurse or clinical laboratory technician from

206 mothers who participated in a detailed JECS survey at the Hokkaido Regional Center dur-

ing the second or third trimester of pregnancy.

Fig 2. Study participants flow chart.

https://doi.org/10.1371/journal.pone.0312516.g002
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2. Measurement of Vitamin D

Serum samples were stored at −30˚C at Hokkaido University until Vitamin D measurement.

Serum concentrations of 25-hydroxyvitamin D2 (25(OH)D2), a metabolite of Vitamin D2,

and 25-hydroxyvitamin D3 (25(OH)D3), a metabolite of Vitamin D3, were measured using

liquid chromatography tandem mass spectrometry (LC-MS/MS) at LSI Medience (Tokyo,

Japan). The obtained value of 25(OH)D3 was classified as normal for�30, shortage for 20 to

<30, and deficient for<20 according to the method by Holick et al [23]. Deficiencies were

also classified as mild for 10 to<20, moderate for 5 to<10, and severe for<5 according to the

Gani and How method [24]. The obtained value of 25(OH)D3 was analyzed based on the

month of sampling, the season of sampling, and the number of sunshine hours. In Sogawa’s

study, spring is defined as March to May, summer as June to August, fall as September to

November, and winter as December to February [19]. The sunshine hours over the 20 days

prior to serum sampling were calculated based on data from the Japan Meteorological Agency

[25].

3. Participant data

We collected the following mother data: Maternal age (<25, 25–30, 31–35,�36 years), parity

(0,�1), and pre-pregnancy BMI (<18.5, 18.5–25.0, >25.0) were collected from medical rec-

ords and questionnaires. Maternal body mass index (BMI) was calculated using the formula:

body weight(kg)/(height(m))2. Annual household income (<2, 2 to<4, 4 to<6, 6 to<8, 8 to

<10, and�10 million Japanese yen (JPY)), smoking habit (never smoked, quit smoking before

pregnancy, quit smoking after pregnancy, and smoked during pregnancy), alcohol consump-

tion (never drank, quit drinking before pregnancy, quit drinking after pregnancy, and drank

during pregnancy), education (junior high school, high school, technical school, vocational

school, junior college, university, and graduate school), use of vitamin D supplements (never,

once or twice a week, third of fourth a week, more than fifth a week, everyday, and used sup-

plements but unclear whether it contains vitamin D), use of sunscreen (never, rarely, some-

times, and often), work for agriculture, forestry and fisheries (yes and no) were obtained from

self-administered questionnaires, which were written during the pregnancy.

4. Statistically analysis

When analyzing seasonal differences in 25(OH)D3, we assessed them using statistical methods

based on their distribution. If the distribution is Gaussian, we use analysis of variance

(ANOVA) to compare seasonal differences in 25(OH)D3. When detecting statistical signifi-

cance in the ANOVA test with a P-value less than 0.5, we conducted a Student’s t-test to deter-

mine which seasons differed statistically. If the distribution was non-Gaussian, we used

Kruskal–Wallis and Mann–Whitney U tests. We planned to conduct both statistical tests if we

had difficulty evaluating the 25(OH)D3 distribution precisely. Further analysis used univari-

able linear regression to evaluate the relationship between 25(OH)D3 levels and hours of sun-

shine. All our analyses were performed using JMP Pro version 16.1.0 (SAS Institute Inc., Cary,

NC, USA).

Result

1. Participant characteristics

Table 1 shows the characteristics of mothers. The average maternal age was 31.7 ± 4.7 years,

and 2 mothers (1.0%) had at least one previous birth. The average BMI prior to pregnancy was

21.0±2.5 kg/m2. About 60% of the participants had a household income between 2 and 6
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Table 1. Characteristic of participants.

Characteristic All

n %

Maternal age (years), mean(SD) 31.7

(4.7)

<25 13 6.3

25–30 73 35.4

31–35 71 34.5

�36 46 22.3

unkown 3 1.5

Parity

0 204 99.0

�1 2 1.0

BMI before pregnancy, mean (SD) 21.0

(2.5)

<18.5 27 13.1

18.5–25.0 163 79.1

>25.0 10 4.9

unkown 6 2.9

Household income (Million Japanese

yen)

<2 8 3.9

2 to <4 65 31.6

4 to <6 60 29.1

6 to <8 38 18.4

8 to <10 16 7.8

�10 11 5.3

unkown 8 3.9

Smoking habit

never smoked 121 58.7

quit smoking before pregnancy 56 27.2

quit smoking after pregnancy 17 8.3

smoked during pregnancy 9 4.4

unkown 3 1.5

Alcohol consumption

never drank 46 22.3

quit drinking before pregnancy 26 12.6

quit drinking after pregnancy 128 62.1

drank during pregnancy 4 1.9

unkown 2 1.0

Education

junior high school 6 2.9

high school 45 21.8

technical school 7 3.4

vocational school 58 28.2

junior college 33 16.0

university 50 24.3

Graduate School 5 2.4

unkown 2 1.0

(Continued)
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million Japanese yen. Of the 121 mothers, 58.7% have never smoked, 56 (27.2%) quitted smok-

ing before pregnancy, 17 (8.3%) quitted smoking after pregnancy, and 9 (4.4%) smoked during

pregnancy. 128 mothers (62.1%) quitted drinking alcohol after pregnancy. The final education

of participants was primarily vocational school (28.2%), followed by university (24.3%), high

school (21.8%), junior college (16.0%), technical school (3.4%), junior high school (2.9%), and

graduate school (2.4%). Regarding sunscreen use, 65 participants (31.6%) responded “often”

or “sometimes.” Fifty-seven participants (27.7%) had never used sunscreen. Five mothers

(2.5%) used the supplement containing Vitamin D. 1 mother (0.5%) work in agriculture, for-

estry, or fisheries.

2. Vitamin D status

The value of 25(OH)D2 above 1 ng/ml was found in 4 women, with a maximum of 1.6 ng/ml.

The average 25(OH)D3 level was 12.1 ng/ml, with a median of 11.0 ng/ml. The number of

participants with 25(OH)D3 concentrations was 4 (1.9%) for 30 ng/ml or more, 11 (5.3%) for

20 ng/ml or more and less than 30 ng/ml, and 191 (92.7%) for below 20 ng/ml, as shown in

Table 2. Additionally, 4 participants (1.9%) had levels below 5 ng/ml.

Fig 3 shows the distribution of Vitamin D levels among pregnant women. The number of

participants with Vitamin D3 concentrations between 10 ng/ml and<12, 12, and<14 ng/ml,

and 14 and<16 ng/ml were 43, 44, and 35, respectively, higher than in other ranges. The high-

est median of 25(OH)D3 was 14.4 ng/ml in July, and the lowest was 8.8 ng/ml in April (Fig 4).

In season, the median level of 25(OH)D3 was highest in summer at 13.0 ng/ml and lowest in

spring at 9.8 ng/ml. Seasonal variations in the concentrations of 25(OH)D3 were significantly

different, as indicated by the ANOVA test (P-value < 0.0001). Additionally, the concentration

Table 1. (Continued)

Characteristic All

n %

Use of supplements containing vitamin

D

never 186 90.3

once or twice a week 3 1.5

third or fourth a week 0 0.0

more than fifth a week 0 0.0

everyday 2 1.0

Used supplements but unclear whether it contains

vitaminD

13 6.3

unkown (undescribed) 2 1.0

use of sunscreen

never 57 27.7

rarely 16 7.8

sometimes 65 31.6

often 65 31.6

unkown 3 1.5

Work for Agriculture, forestry or

fisheries

Yes 1 0.5

No 204 99.0

unkown 1 0.5

https://doi.org/10.1371/journal.pone.0312516.t001
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of 25(OH)D3 in summer was significantly higher than in winter, with a P-value of<0.001 (Fig

5, Table 3). The Kruskal–Wallis and Mann–Whitney U tests also identify similar statistical sig-

nificance in sensitivity analyses.

The linear regression showed that the concentration of 25(OH)D3 was positively correlated

with sunshine duration (β = 0.020; 95% CI, 0.0016 to 0.038) (Fig 6).

Discussion

Except for four, all mothers had 25(OH)D2 levels below 1 ng/ml, which was under the detec-

tion limit. Machida et al. reported an average 25(OH)D2 level of 0.3 ng/ml in a study of 96 par-

ticipants undergoing health examinations in Gunma, Japan from 2017 to 2018 [26]. Takatani

et al. reported that the average 25(OH)D2 level among women 22 to 35 weeks pregnant in

Chiba, Japan, was 0.2 ng/ml [21]. Their results are similar to those of this study, showing that

the 25(OH)D2 levels in nearly all participants were below 1 ng/ml, indicating a very low intake

of Vitamin D2. Vitamin D2 is obtained solely from plants, particularly mushrooms. Pregnant

Table 2. Classification of vitamin D deficiency and distribution.

Vitamin D3 levels

(ng/ml)

mother

number %

Normal �30 4 1.9

Shortage 20 to <30 11 5.3

Deficiency Mild 10 to <20 115 55.8

Moderate 5 to <10 72 35.0

Severe <5 4 1.9

https://doi.org/10.1371/journal.pone.0312516.t002

Fig 3. Vitamin D levels in pregnant women.

https://doi.org/10.1371/journal.pone.0312516.g003
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Fig 4. Monthy variations of vitamin D levels in pregnant women.

https://doi.org/10.1371/journal.pone.0312516.g004

Fig 5. Seasonal vitamin D levels in pregnant women.

https://doi.org/10.1371/journal.pone.0312516.g005
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women are encouraged to eat mushrooms because they are rich in folic acid. Folic acid is very

important for pregnant women because it aids in rapid cell division and growth [27]. However,

the recommended intake of folic acid is too much to eat. Many mothers meet the recom-

mended intake through supplements. In this study, 83 mothers took folic acid supplements.

Therefore, it was assumed that the amount of eating mushrooms was reduced without needing

to eat it for folic acid and the 25(OH)D2 level became quite low.

Many participants had low 25(OH)D3 levels, with an average of 12.1 ng/ml and a median

of 11.0 ng/ml, but none were below the detection limit. In this study, the evaluation of Vitamin

D levels was based solely on 25(OH)D3, as 98% of participants had undetectable 25(OH)D2

levels. It was reported that the mean 25(OH)D level of pregnant women was 11.4 ng/ml in

Tokyo [22], 15.3 ng/ml in Chiba [21], 15.1 ng/ml in Kyoto, 16.1 ng/ml in Toyama, and 14.4

ng/ml in Tottori [20]. The 25(OH)D levels in pregnant women from Hokkaido were lower

compared to other regions, except Tokyo. The difference in latitude is regarded as one of the

reasons. The latitude of Hokkaido (43˚N) is higher than that of other areas (Tokyo: 35.7˚N,

Chiba: 35.6˚N, Kyoto: 35.0˚N, Toyama: 36.7˚N, Tottori: 35.5˚N) in same Japan. Zamfiova

Table 3. Seasonal 25(OH)D3 value.

Season Number Average medial

Spring 74 10.8±3.7 9.8

Summer 63 14.5±6.3 13.0

Autumn 26 13.1±5.8 12.2

Winter 43 10.2±3.3 10

https://doi.org/10.1371/journal.pone.0312516.t003

Fig 6. Correlation between vitamin D levels in pregnant women and sunshine hour.

https://doi.org/10.1371/journal.pone.0312516.g006
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et al. investigated the vitamin D levels of medical students in Florida (27˚N) and Pennsylvania

(42˚N). They reported that the average vitamin D level was lower in Pennsylvania than in Flor-

ida, and latitude was found to be a statistically significant risk factor for vitamin D deficiency

[28]. The reduction in vitamin D levels at higher latitudes is due to the increased oblique angle

of the sun’s rays. The high oblique angle caused UVB photons, which produce Vitamin D

when they irradiate the skin, to be efficiently absorbed by the ozone layer because the more

oblique angle causes the UVB photons to pass through the ozone layer for a greater distance. It

is known that the amount of UVB photons passing through the ozone layer decreases signifi-

cantly from November to February at latitudes of 37 degrees north or higher [29]. Van der Mei

et al. concluded that while latitude was related to vitamin D levels, behavioral factors were also

important [30]. The lower vitamin D levels in mothers from Tokyo compared to those in Hok-

kaido might be attributed to behavioral factors. Summer temperatures in Tokyo, Chiba,

Kyoto, Toyama, and Tottori are higher than those in Hokkaido. In these cities, the risk of heat

stress is higher than in Hokkaido. Pregnant women are among the groups most vulnerable to

heat stress [31]. Tokyo, the capital of Japan, likely has a higher interest in medical care among

its residents compared to other regions. Pregnant women in Tokyo may have avoided outdoor

activities to prevent heat stress, potentially resulting in lower vitamin D levels during the sum-

mer. However, because Nakajima et al. [22] did not report seasonal variations in Vitamin D

concentrations, these details cannot be disclosed at this time. Further research is needed to

identify factors in the future.

From a monthly perspective, July recorded the highest median 25(OH)D3 level at 14.4 ng/

ml, followed by August with 13.8 ng/ml. On the contrary, April had the lowest median 25

(OH)D3 level at 8.8 ng/ml, followed by February and November with levels of 9.6 ng/ml. In

Sweden’s study [17], the median levels of 25(OH)D3 are highest in August, followed by Sep-

tember. The median levels of 25(OH)D3 are lowest in March, followed by April. These results

are similar to our results. Vitamin D levels are generally higher in summer and autumn than

in spring and winter. In this study, the median 25(OH)D3 level in summer was significantly

higher than in spring and winter, and slightly higher than in autumn. It indicated that preg-

nant women and nonpregnant individuals show no difference in terms of increasing their

Vitamin D levels during the summer. The increase in vitamin D levels during summer is

attributed to the sun’s oblique angle of incidence, which is the same reason for latitude [29].

This means that although the sun is closest to Earth in winter among the seasons, the oblique

angle at which sunlight enters the atmosphere is high. Additionally, it is predicted that the

duration of sunshine hours are related to the seasonality of Vitamin D levels. Indeed, this

study confirms the correlation between Vitamin D levels and sunshine hours. The difference

in the mean 25(OH)D3 level between summer and winter in this study was 4.3 ng/ml. In the

Tokushima, Japan study [19], autumn exhibited the highest 25(OH)D levels in pregnant

women, while winter showed the lowest, with a difference of 5.6 ng/ml between the seasons.

The disparity in Vitamin D levels between winter and the season with the highest Vitamin D

levels in pregnant women was greater in Tokushima than in Hokkaido. Initially, it was pre-

dicted that the seasonal variation in vitamin D levels in Hokkaido would be greater due to

reduced outdoor activity caused by heavy snowfall, compared to other regions. The average

monthly snowfall in Hokkaido during the winter Vitamin D measurement period was 137 cm,

compared to 0.8 cm in Tokushima. The snow depth exceeded 10 cm daily throughout the win-

ter [25]. It is sufficiently high to pose a risk to pregnant women. The variation between the

highest and lowest seasonal vitamin D levels was smaller in Hokkaido than in Tokushima.

However, the low winter vitamin D levels in Hokkaido suggest that snow has a small effect.

This disparity between Hokkaido and Tokushima could be attributed to the significantly high

autumn vitamin D levels (21.6 ng/mL) in Tokushima. Further research, including behavioral
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surveys, is necessary to clarify the impact of snow on Vitamin D levels in pregnant women in

detail.

A 25(OH)D3 level of 30 ng/ml or higher is considered normal, levels between 20 ng/ml and

less than 30 ng/ml indicate a lack of Vitamin D, and levels below 20 ng/ml signify a Vitamin D

deficiency [23]. In addition, Vitamin D deficiency can be classified as mild, moderate, or

severe [24]. In this study, we employed this classification. From the results of measuring 25

(OH)D3, 92.7% of participants had vitamin D deficiency, and four of them had severe defi-

ciency. Considering the previously described effects of low Vitamin D levels on themselves

and the fetus, it can be reported that almost all pregnant women in Hokkaido are at high risk.

This situation is considered critical. In the survey conducted in Holbæk, Denmark (55.7

degrees north latitude) [17], which is at a higher latitude than Hokkaido, the mean 25(OH)D

level in pregnant women was 21.8 nm/ml, approximately 10 nm/ml higher than that in Hok-

kaido. In the survey conducted in Pennsylvania, USA [28], which is at a similar latitude to

Hokkaido, the average 25(OH)D level was 28.1 nm/ml. This level did not meet the normal

value but was quite higher than that in Hokkaido, although pregnant women were not

included in the comparison. These countries offer products fortified with Vitamin D. In Den-

mark, certain margarines and spreads are fortified with Vitamin D, while in the USA, it is

common for milk to be fortified with this nutrient. In contrast, Japan does not fortify any

foods with Vitamin D. In addition, Vitamin D supplements are not widespread in Japan. In

this study, only 2.5% of participants used them. While in Pennsylvania, 12.2% of participants

used them [28]. Differences in the use of Vitamin D fortification products and supplements

were considered a key reason for the varying Vitamin D concentrations between Hokkaido

and other cities. Many reports exist on the effects of Vitamin D-fortified products and supple-

ments on Vitamin D concentration. Promoting the use of Vitamin D supplements and intro-

ducing Vitamin D-fortified products is essential to safeguard the health of mothers and fetuses

in Hokkaido.

This report is the first to examine the Vitamin D levels of pregnant women in Hokkaido, as

far as we are aware. It can be said that this is the first general study of Vitamin D levels in preg-

nant women living in the highest latitude region of Japan. Additionally, the children of the par-

ticipants in this study can be followed to assess the impact of maternal Vitamin D levels on

growth over decades, as JECS is a prospective cohort study. However, in this study, Vitamin D

levels were measured at a single time point. The half-life of Vitamin D in the blood is known

to be 2–3 weeks. It is hypothesized that Vitamin D levels may vary depending on the timing of

measurement, even within the same pregnancy. This issue is currently being reviewed.

Conclusion

We assessed the levels of 25(OH)D2 and 25(OH)D3 in the serum of 206 pregnant women and

analyzed their vitamin D status in Hokkaido, Japan. Four participants had 25(OH)D2 levels

above 1 ng/ml, with the highest level being 1.6 ng/ml. The average 25(OH)D3 level was 12.1

ng/ml, the median was 11.0 ng/ml, 92.7% of participants had vitamin D deficiency, and 4 had

severe deficiency. Additionally, higher Vitamin D levels were observed in pregnant women

during summer and autumn compared to spring and winter, confirming the correlation

between Vitamin D levels and sunshine hours. From the study results, the relationship

between Hokkaido’s climate and pregnant women’s Vitamin D levels remains unclear, despite

nearly all pregnant women in Hokkaido being Vitamin D deficient. To address this critical

issue, it is essential to educate pregnant women about the prevalence of vitamin D deficiency

and to encourage them to take vitamin D supplements, particularly during the winter and
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spring months when there are fewer daylight hours and reduced chances to spend time

outdoors.

The conclusions of this article are solely the responsibility of the authors and do not repre-

sent the official views of the aforementioned government.
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