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The relationship among nutritional intake status, 
stress and infant birthweight was examined using 
questionnaire-based analyses in pregnant women in 
Shimane Prefecture, Japan. 

In Survey 1, a Food Frequency Questionnaire 
Based on Food Groups （FFQg） was administered 
to 26 pregnant women at around 12, 26, and 36 
weeks of gestation and the results were analyzed. 
The group that experienced stress had significantly 
lighter birthweight and tended to have lower energy 
intake in early pregnancy and higher energy intake 
in late pregnancy than the group that felt little or 
no stress. In Survey 2, a self-administered diet his-
tory questionnaire was given to 84 pregnant women 
at 12 weeks of gestation. The results showed that 
birthweight was not significantly different between 
the high and low stress groups, whereas women in 
the former group consumed significantly more en-
ergy with adequate PFC balance. Collectively, PFC 
balance maintained within recommended range might 
reduce the influence of stress on infant birthweight.

Keywords: pregnant women, birthweight, nutrition, 
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INTRODUCTION

Low birthweight infants have been suggested to be 
at increased risk of developing non-communicable 
diseases such as obesity, glucose intolerance, hyper-
lipidemia, and cardiovascular disorders in the future 
［1–4］. In Japan, the ratio of low birthweight infants 
（birthweight less than 2500 g） to total births has 
increased since 1975 and currently stands at about 
10%. This is one of the highest rates among OECD 
（Organization for Economic Cooperation and Devel-
opment） countries ［5］. The average birthweight in 
Japan peaked in 1975 and has been decreasing for 
both males and females, with a national average of 
3,000 grams in 2010, about 200 grams less than in 
1975 ［6］. The “Healthy Parent and Child 21” （2nd 
phase） policy in Japan has set a goal of reducing 
the percentage of low birthweight babies ［7］.

It has been reported that pre-pregnancy thinness 
（body mass index <18.5 kg/m2）, poor weight gain 

during pregnancy, and maternal short stature are risk 
factors for low birthweight births in Japan ［8–10］. 
In the late 1990s, the percentage of low birthweight 
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infants born at full-term （after 37 weeks） increased 
more than those born preterm infants （less than 37 
weeks） in Japan ［11］.

An analysis of data from World Health Organiza-
tion （WHO） maternal surveys in 29 countries, in-
cluding Japan, reported that poor socioeconomic sta-
tus （which has been associated with poor nutritional 
status） was associated with a high risk of small 
for gestational age （SGA） in full-term births ［12］. 
The WHO recommends that nutritional education be 
given to increase daily energy and protein intake 
for undernourished pregnant women to reduce the 
risk of low birthweight births ［13］. A study of 136 
healthy Japanese pregnant women showed that the 
average total energy intake was about 1600 kcal/day 
throughout the three trimesters of pregnancy, and 
failed to meet the estimated energy requirements 
throughout the entire pregnancy ［14］. 

In the “Healthy Parent and Child, Shimane Plan,” 
it was reported that, in recent years, the birth rate 
of low birthweight babies in both preterm and full-
term births has been higher in Shimane Prefecture 
than in the country of Japan as a whole. In the fi-
nal evaluation of Healthy Parent and Child 21, the 
following factors were described as the reasons for 
the recent increase in the number of low birthweight 
babies in Japan: （1） thinness among young women, 
（2） smoking, （3） increase in multiple births due to 

increased fertility treatment, （4） aging of pregnant 
women, （5） weight control during pregnancy, （6） 
reduction of gestational weeks due to the wide-
spread use of cesarean sections, and （7） advances 
in medical technology ［15］. However, no definitive 
explanation was given for the high percentage of 
low-birth-weight babies in Shimane Prefecture rela-
tive to the rest of Japan ［15］. 

Lifestyle and psychological characteristics of preg-
nant women that may be related to low birthweight 
births have been extracted, such as stress during 
pregnancy and overwhelming workplace conditions 
［16］. Intriguingly, it has been reported that the 

risk of SGA is actually reduced by the presence of 
stress in early pregnancy ［8］. It was also reported 
that a life-events checklist may be an invalid mea-
sure of stress in African-American populations ［17］. 
Thus, sometimes disparate results̶even results the 
opposite of those expected̶have been reported de-

pending on the survey and evaluation methods, such 
as the timing and psychological and social contents 
of stress （for review, see ［18］）. The situation in 
Shimane Prefecture is similarly uncertain. In Shi-
mane Prefecture, the labor force participation rate 
for women of working age （15–64 years old） is 
74.6% （national average 67.3%）, the highest in Ja-
pan, and the labor force participation rate for wom-
en of child-rearing age （25–44 years old） is 85.3% 
（national average 75.6%）, also the highest in Japan 
［19］. It is also necessary to clarify whether these 
high rates of labor force participation are related to 
the nutritional intake status of the mother and birth-
weight of the child. 

We previously surveyed the nutritional intake of 
29 pregnant women out of 42 participants who were 
given survey forms during early pregnancy at a 
birthing center in Shimane Prefecture ［20］. The av-
erage energy intake was less than the recommended 
amount, and the intake of many nutrients, including 
folic acid, was also below the recommended level 
［20］. In addition, 44.8% of the subjects missed at 

least one meal per week, and the protein-to-energy 
ratio was significantly lower in the subjects with 
missed meals than in the group without missed 
meals ［21］. However, the relationship between nu-
trient intake and birthweight in early, mid, and late 
pregnancy is still not clear. Therefore, in Survey 1 
of this research, we conducted a longitudinal study 
on the same group of subjects to clarify the rela-
tionship among the nutritional intake status at each 
stage of pregnancy （early, mid, and late）, the pres-
ence of stress, and birthweight. Our previous study 
showed that the energy intake and the intake of 
many nutrients during early pregnancy did not reach 
the required levels ［20］. However, the number of 
subjects and the amount of data were limited in 
that study, so for this report we conducted an addi-
tional survey, Survey 2, in which we obtained more 
detailed information in larger number of samples on 
the relationship among nutrient intake, stress during 
pregnancy, employment status during early pregnan-
cy and birthweight to provide basic information for 
reducing the number of low birthweight babies in 
Shimane Prefecture.
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MATERIALS AND METHODS

Survey 1
Participants
The Food Frequency Questionnaire Based on Food 
Groups （FFQg） was administered as a food intake 
frequency questionnaire at 12, 26, and 36 weeks of 
gestation to uncomplicated pregnant women under-
going antenatal health checkups at delivery facilities 
in Shimane Prefecture. This study was approved by 
the Ethics Committee of The University of Shimane 
Izumo Campus （approval no. 203）.

Survey items
1. Characteristics of participants 
Age, height, pre-pregnancy weight, pre-pregnancy 
BMI, mid-pregnancy weight gain, late pregnancy 
weight gain, infant birthweight, gender, and early 
and late pregnancy hemoglobin levels were studied.

2. Nutritional analysis
The Food Frequency Questionnaire Based on Food 
Groups （FFQg） was used to survey dietary intake. 
The FFQg is a food intake frequency questionnaire 
that assesses the content of daily meals through 
items concerning 29 food groups and 10 cooking 
methods. The reliability and validity of the question-
naire have been examined, and it has been shown 
that the total energy and nutrient intakes can be es-
timated by food group based on the estimated intake 
and frequency of intake for one week out of the 
last one to two months using the FFQg ［22］. The 
items about eating habits and health consciousness 
also allow the examination of eating habits ［22］. 

3. Stress 
In early, mid, and late pregnancy, the respondents 
were asked if they felt stressed or tired, and they 
responded with “often,” “sometimes” or “rarely.”

Statistical analysis
Correlations with infant birthweight were assessed 
by the following steps:
（1） Correlation coefficients were calculated to 

clarify the relationship between infant birthweight 
and maternal age, height, pre-pregnancy weight, 
pre-pregnancy BMI, weight at delivery, and weight 

gain during pregnancy.
（2） Correlation coefficients were calculated to deter-
mine the relationship between infant birthweight and 
maternal nutrition intake during early, mid, and late 
pregnancy.
（3） To determine the correlation between stress 

and infant birthweight/maternal nutrition intake, an 
unpaired t-test was conducted between two groups 
of women who answered “often” or “sometimes” 
and those who answered “rarely” to the question of 
whether they felt stressed or fatigued during preg-
nancy.

Statistical processing was performed using IBM 
SPSS Version 25.0 statistical analysis software. A 
two-tailed unpaired t-test was used for analysis be-
tween two groups, and the significance level was 
set at 5%.

Survey 2
Participants
The data from a previous study ［23］ were reana-
lyzed from a different point of view in the present 
study. In the previous study, the Diet History Ques-
tionnaire （DHQ）, a self-administered questionnaire 
on food intake, was administered at 12 weeks of 
gestation to pregnant women who were undergo-
ing prenatal health checkups at Shimane University 
Hospital （Study on the Effects of Maternal Nutri-
tion and Lifestyle on the Fetus: Research Control 
Number: 20160428-6） ［23］. The DHQ is a ques-
tionnaire developed to quantitatively examine the 
intake of nutrients and foods ［24］. It can calculate 
the intake of about 40 nutrients and 150 foods, and 
has been used in a number of nutritional epidemio-
logical studies; its accuracy and reliability are well 
established ［24］.

This study was approved by the Ethics Committee 
of Shimane University （approval number: 20210225-
1）.

Survey items
1. Characteristics of participants
Data on the following characteristics were collect-
ed for all subjects: age, height, weight in early 
pregnancy （at 12 weeks）, BMI in early pregnancy, 
weight at delivery, BMI at delivery, weight gain 
during pregnancy, stress scores, smoking status, em-
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ployment status, gestational weeks, and infant birth-
weight.

2. Nutritional analysis
The survey on dietary intake during pregnancy was 
conducted using the DHQ.

3. Stress 
The Japanese version of the Social Readjustment 
Rating Scale （SRRS） was used for the stress sur-
vey ［25］. The SRRS consists of 65 items describ-
ing life events and lifestyle changes, and the higher 
the score, the higher the level of stress ［25］.

Statistical analysis
Correlations with infant birthweight were assessed 
by the following steps:
（1） Correlation coefficients were calculated to clar-
ify the relationship between infant birthweight and 
maternal characteristics, nutrition intake, and stress 
scores.
（2） To investigate the correlation between maternal 
nutrient intake and the body size of the child at 
birth, infants were classified based on the tables of 
birth size standards by gestational age for Japanese 
neonates ［26］ according to their weight and ges-
tational age into the following groups: a light-for-
dates （LFD） group with birthweight below the 10th 
percentile weight; an appropriate-for-dates （AFD） 
group with birthweight between the 10th and 90th 
percentile weights; and a heavy-for-dates （HFD） 
group with birthweight above the 90th percentile 
weights. The 10th and 90th percentile weights were 
taken from Tables 2 and 3 for boys, and Tables 4 
and 5 for girls ［26］.
（3） The following analysis of variance among the 

three groups was conducted to examine whether the 
body size of pregnant women in early pregnancy af-
fects their infant birthweight. The BMI of pregnant 
women in the first trimester of pregnancy was clas-
sified into three groups: underweight （BMI less than 
18.5）, normal （BMI 18.5 to 25.0）, and obese （BMI 
25.0 or greater）, and analysis of variance among 
the three groups was conducted.
（4） It has been reported that 30% of those with an 

SRRS score of less than 150, 50% of those with a 
score of 150–299, and 80% of those with a score 

of 300 or more have the potential for health prob-
lems in the following year ［27］. In order to exam-
ine the effects of stress on infant birthweight and 
maternal nutrient intake, we classified the pregnant 
women with SRRS scores of less than 300 points 
into a low stress group, and those with scores of 
more than 300 points into a high stress group. We 
then compared the groups using unpaired t-test.
（5） To examine the correlation between the type of 
work and infant birthweight/maternal nutrient intake, 
unpaired t-test was used to compare results between 
the full-time group and the part-time group.
（6） To examine the correlation between smoking 
status and infant birthweight, unpaired t-test was 
used to compare results between smokers and non-
smokers.

Statistical processing was performed using IBM 
SPSS ver. 22.0 statistical software. Unpaired t-test 
was used for analysis between two groups, and one-
way analysis of variance （ANOVA） was used for 
analysis among three groups, with a two-tailed sig-
nificance level of 5%.

RESULTS

All values were expressed as the mean ± standard 
deviation （SD）.

Survey 1
Flow chart of participant selection （Fig. 1）
The survey forms were distributed to 42 uncompli-
cated pregnant women receiving antenatal checkups 
at delivery handling facilities in Shimane Prefecture 
from July 2017 to August 2018, and 26 who con-
tinued to respond to the survey were included in 
the analysis.

Maternal characteristics of participants （Table 1）
Maternal characteristics were as follows: age was 
29.8 ± 4.6 years, height was 155.7 ± 5.2 cm, 
pre-pregnancy weight was 49.8 ± 6.5 kg, pre-preg-
nancy BMI was 20.6 ± 2.7 kg/m2, and weight gain 
was 10.4 ± 3.2 kg.

In terms of pre-pregnancy BMI, 4 participants 
（15.4%） were underweight （BMI less than 18.5）, 
21 （80.8%） were normal weight （BMI between 
18.5 and 25.0）, and 1 （3.8%） was obese （BMI 
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greater than 25.0）.
Newborn characteristics were as follows. There 

were 15 males （57.5%） and 11 females （42.3%）. 
The number of gestational weeks was 39.1 ± 1.0 
weeks, and the infant birthweight was 3035.4 ± 
344.2 g overall, or 3112.7 ± 346.1 g in males and 
2929.9 ± 327.5 g in females. The number of low 
birthweight infants was 1 （3.8%）.

Relationship with infant birthweight　
(1) Correlation between infant birthweight and the 
maternal characteristics
In the analysis of the correlation between the infant 
birthweight and the maternal characteristics, gesta-
tional weeks showed a weak correlation at r = 0.446. 
There was no significant correlation between infant 
birthweight and any of the following characteristics: 
maternal height, pre-pregnancy weight/BMI, weight 
gain, or BMI/weight at delivery.

(2) Nutrient intakes in early, mid, and late pregnan-
cy, and correlation with infant birthweight 
The energy intake was 1518 ± 400.6 kcal in early 
pregnancy, 1677.7 ± 300.5 kcal in mid pregnancy, 
and 1730.0 ± 376.8 kcal in late pregnancy.

Protein intake was 50.7 ± 16.3 g in early, 58.9 ± 
11.0 g in mid, and 59.4 ± 12.9 g in late pregnancy, 
meeting the estimated average requirement of 40 g/
day （mid pregnancy + 5 g/day, late pregnancy + 
20 g）. The protein–energy ratio was within the rec-
ommended range for pregnant women （13%–20% 
in early pregnancy and mid pregnancy, 15%–20% 

in late pregnancy） in early pregnancy and mid 
pregnancy, but less than the recommended range in 
late pregnancy. Fats were 51.9 ± 18.3 g in early 
pregnancy, 62.7 ± 15.8 g in mid pregnancy, and 
61.2 ± 15.9 g in late pregnancy, and the fat ener-
gy ratio was higher than the recommended range 
（20%–30%） in mid and late pregnancy. Carbohy-

drates were 207.3 ± 48.9 g in early, 213.6 ± 42.3 
g in mid, and 229.8 ± 51.1 g in late pregnancy, 
and the carbohydrate energy ratio was within the 
recommended range （50%–65%） in each period.

Folic acid intake was 188.7 ± 66.8 μg in early, 
210.6 ± 56.5 μg in mid, and 221.2 ± 62.0 μg in 
late pregnancy, which was less than the estimated 
average requirement of 200 μg/day （pregnant wom-
en + 200 μg/day）. Nine respondents （34.6%） in 
early, 7 （26.9%） in mid, and 5 （19.2%） in late 
pregnancy responded that they took supplements.

The results of a correlation study of the relation-
ship between infant birthweight and maternal nutri-
ent intake during early, middle, and late pregnancy 
showed no significant correlation.

The number of pregnant women who missed a 
meal at least once a week was 10 （38.5%） in the 
early, 8 （30.8%） in the mid, and 6 （23.1%） in the 
late pregnancy group. The most common responses 
to the question “What do you think about missing 
meals?” were “No appetite” （5 respondents） in the 
early pregnancy group, “I want to avoid missing 
meals” （3 respondents） in the mid pregnancy group, 
and “No appetite” （3 respondents） in the late preg-
nancy group.

Fig. 1. Flow chart of participant selection （Survey1）

July 2017–August 2018 

Uncomplicated pregnant women  

in Shimane Prefecture 

Consent to participate 

n = 42

Mother-newborn pairs included 

 in final analysis 

n = 26

Excluded (n = 16) 

Decline (n = 5)  

Early only (n = 7) 

Maternal perinatal complication (n = 4) 

Table 1. Characteristics of participants n = 26
Variables   Mean ± SD

Maternal characteristics
　Age （years）   29.8 ± 4.6
　Height （cm）  155.7 ± 5.2
　Pre-pregnancy weight （kg）    49.8 ± 6.5
　Pre-pregnancy BMI （kg/m2）   20.6 ± 2.7
　Middle weight gain （kg）     5.3 ± 2.3
　Late weight gain （kg）   10.4 ± 3.2
　Hemoglobin : Early （g/dl）   12.5 ± 0.6
　　　　　　   Late （g/dl）   11.2 ± 0.7
Newborn characteristics
　Gestational weeks （wk）   39.1 ± 1.0
　Birthweight （g）   3035.4 ± 344.2
　Male birthweight （g）   3112.7 ± 346.1
　Female birthweight （g）   2929.9 ± 327.5
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(3) Correlation between stress and infant birth-
weight/maternal energy intake （Table 2）　
A comparison of infant birthweight and gestational 
weeks between 14 （53.8%） women who reported 
feeling stressed or tired during pregnancy （stress 
group） and 12 （46.2%） women who reported feel-
ing little or no stress （little or no stress group） 
showed no significant difference in weeks of deliv-
ery. The infant birthweight of the stress group was 
2909.2 ± 289.0 g, and that of the little or no stress 
group was 3182.6 ± 355.9 g. The infant birthweight 
of the stress group lower than that of the little or 
no stress group. Energy intake tended to be lower 
during early pregnancy in the stress group. 

Survey 2
Flow chart of participant selection （Fig. 2）
Of the 108 women whose nutritional status could 
be assessed, 84 who met the eligibility criteria 
（pregnant women with singleton pregnancies） and 
did not meet any of the exclusion criteria （pregnant 
women with maternal perinatal complications, com-
plications in the newborn, or very preterm births of 
less than 28 weeks） were analyzed. The association 
of nutritional intake, smoking, stress, and type of 
work with the infant birthweight was examined.

Characteristics of participants （Table 3）
Maternal characteristics were as follows: primiparae 
were 39 （46.4%）; age was 32.3 ± 4.4 years; height 
was 157.9 ± 5.4 cm; early pregnancy weight was 
52.8 ± 8.8 kg; early pregnancy BMI was 21.2 ± 3.4 
kg/m2; weight at delivery was 62.4 ± 8.9 kg; and 
weight gain was 9.6 ± 3.3 kg.

In terms of BMI at 12 weeks of gestation, 17 

Table 2. Correlation between stress and infant birthweight / maternal energy intake n = 26
 Mean ± SD

Birthweight Gestational 
weeks

Pre-pregnancy 
BMI Weight gain

Energy
Early Mid Late

（g） （wk） （kg/m2） （kg） （kcal）
Stress group 
   n = 14 2909.2±289.0 39.1±1.0 19.8±2.1 10.9±3.4 1432.9±377.2 1669.8±290.1 1769.0±362.2

Little or no 
stress group
  n = 12 

3182.6±355.9 39.1±1.1 21.4±3.1 9.8±3.0 1617.2±420.3 1687.0±325.0 1684.6±404.3

p-value 0.041* 0.887 0.132 0.380 0.250 0.888 0.580 

*P < 0.05 by unpaired t-test.

n = 84
Variables   Mean ± SD

Maternal characteristics
　Age （years）   32.3 ± 4.4
　Height （cm） 157.9 ± 5.4
　Early pregnancy weight （kg）   52.8 ± 8.8
　Early pregnancy BMI （kg/m2）   21.2 ± 3.4
　Weight at delivery （kg）   62.4 ± 8.9
　BMI at delivery （kg/m2）   25.0 ± 3.1
　Weight gain （kg）     9.6 ± 3.3
Newborn characteristics
　Gestational weeks （wk）   38.8 ± 1.1
　Birthweight （g）   3017.0 ± 364.9
　Male birthweight （g）   3083.9 ± 361.9
　Female birthweight （g）   2950.1 ± 359.7

n = 75
　Stress     275.3 ± 145.7

Fig. 2. Flow chart of participant selection （Survey2）

Table 3. Maternal and newborn characteristics
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participants （20.2%） were underweight （BMI less 
than 18.5）, 55 （65.5%） were normal weight （BMI 
between 18.5 and 25.0）, and 12 （14.3%） were 
obese （BMI greater than 25.0）. 

Newborn characteristics were as follows: males 
were 42 （50.0%）, females were 42 （50.0%）, ges-
tational weeks were 38.8 ± 1.1 weeks, and infant 
birthweight was 3017.0 ± 364.9 g overall, 3083.9 
± 361.9 g for males, and 2950.1 ± 359.7 g for fe-
males. The number of low birthweight infants was 
5 （6.0%）.

Of the 84 participants, stress scores could be 
assessed in 75 participants. The stress score was 
275.3 ± 145.7.

Of the subjects whose employment details were 
known, 32 worked full-time, 11 worked part-time, 
1 was in management, and 5 worked at night; em-
ployment details were unknown in 35 subjects. Re-
garding smoking, 57 （67.9%） of the subjects did 
not smoke, 4 （4.8%） smoked 1–9 cigarettes/day, 15 
（17.9%） smoked 10–19 cigarettes/day, and smok-

ing status was unknown in 8. In terms of physical 
activity level （PAL）, 43 （51.2%） had low PAL 
（PAL level I: most time spent in a seated position 
and mainly engaged in static activities）, 40 （47.6%） 
had normal PAL （level II: most work sedentary, but 
with some movement around the workplace, work 
in a standing position, serving of customers, etc., 
or engagement in commuting, shopping, housework, 
light sports, etc.）, and 1 （1.2%） had high PAL 
（level III: jobs requiring a lot of moving or stand-
ing）.

Correlations with infant birthweight 
(1) Correlation between infant birthweight and char-
acteristics, nutrition intake status, and stress scores
1） Correlations between infant birthweight and ma-

ternal characteristics were examined as a whole, 
and for mothers of boys （hereinafter referred to 
as “boys”） and mothers of girls （hereinafter re-
ferred to as “girls”）.

Correlation coefficients with the overall gesta-
tional weeks were as follows: whole, r = 0.389; 
boys, r = 0.403; and girls, r = 0.396. Correlation 
coefficients with the height of pregnant women 
were as follows: whole, r = 0.315; boys, r = 
0.422.

Correlation coefficients with the early pregnan-
cy weight were as follows: whole, r = 0.256.

Correlation coefficients with the weight at de-
livery were as follows: whole, r = 0.385; boys, 
r = 0.333; girls, r = 0.431. Correlation coeffi-
cients with weight gain were as follows: over-
all, r = 0.361; girls, r = 0.432. BMI at delivery 
was weakly correlated with the whole group at r 
= 0.272; girls, r = 0.366. No correlations were 
found between infant birthweight and either age 
or early pregnancy BMI.

2） Weak correlation coefficients between infant 
birthweight and nutrition intake in early pregnan-
cy were as follows. For the overall subject group: 
vitamin B12, r = 0.244; seeds and nuts, r = 
−0.237. For boys: vitamin A, r = 0.403; vitamin 
B2, r = 0.361; vitamin C, r = 0.316; vitamin 
B12, r = 0.432; folic acid, r = 0.333: manganese, 
r = 0.372; seeds and nuts, r = −0.338; sugar, r 
= 0.358; green and yellow vegetables, r = 0.365; 
other beverages, r = 0.350; and seafood, r = 
0.343. All these results showed weak correlations. 
In girls, there was no correlation greater than r = 
0.3 between infant birthweight and nutritional in-
take status.

3） The correlation between infant birthweight and 
the stress score of the pregnant women was r = 
－0.017.

(2) Comparison by body size at birth （Table 4）
When participants were classified into three groups 
according to the body size at birth gestational age 
［26］, 11 （13.1%） were in the LFD （below the 
10th percentile） group, 60 （71.4%） were in the 
AFD （between the 10th and 90th percentile） group, 
and 13 （15.5%） were in the HFD （above the 90th 
percentile） group. 
1） Characteristics of the subjects （Table 4）

The maternal height and BMI at delivery were 
significantly lower in the LFD group than in the 
HFD group （p = 0.019, p = 0.045）, and the 
maternal weight in early pregnancy （p = 0.021）, 
and weight at delivery were significantly lighter 
in the LFD group than in the HFD group （p = 
0.002）. 

2） Nutritional intake status
The energy intake of the LFD group was 
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1568.8 ± 452.6 kcal in early pregnancy, which 
was below the estimated requirement.

Protein intake was 47.5 ± 14.4 g for the LFD 
group, which was within the estimated mean re-
quirement and above the recommended 50 g for 
the HFD group.

There was no significant difference in energy 
intake, protein, fat, or carbohydrate intake among 
the three groups. Vitamin B12 and potassium in-
takes were significantly lower in the LFD group 
than in the HFD group, and vitamin B6, vitamin 
B12, folic acid, potassium, magnesium, and di-
etary fiber intakes were significantly lower in the 
AFD group than in the HFD group （data not 
shown）.

In the comparison of PFC balance, which is 
the composition of the ratio of caloric value sup-
plied by the three macronutrients, i.e., protein, fat, 
and carbohydrate, there was no significant differ-
ence among the three groups （data not shown）.

In terms of intake by food group, seafood in-
take was significantly lower in the LFD group 

than in the HFD group, and confectionery and 
other vegetable intakes were significantly lower in 
the AFD group than in the HFD group （data not 
shown）.

(3) Comparison by BMI in early pregnancy （Table 5）
Participants were classified into three groups by 
early pregnancy BMI. There were 17 participants 
（20.2%） in the underweight group, 55 （65.5%） in 

the normal group, and 12 （14.3%） in the obese 
group.
1） Characteristics of the subjects （Table 5）

When infant birthweight was compared, there 
was no significant difference among the three 
groups. Weight gain was 11.1 ± 3.1 kg in the 
underweight group, 9.5 ± 3.2 kg in the normal 
group, and 8.3 ± 3.6 kg in the obese group, with 
a trend toward weight gain in the underweight 
group （p = 0.070）.

2） Nutrient intake
There was no significant difference in nutrient 

intake among the three groups. 

Table 4. Correlation between subject characteristics and infant body size at birth

Table 5. Infant birthweight and maternal weight gain by BMI in early pregnancy

Mean± SD

Birthweight Gestational
weeks Height Early pregnancy

BMI
Weight at 
delivery Weightgain Energy

（g） （wk） （cm） （kg/m2） （kg） （kg） （kcal）
LFD
　n=11 2572.6±162.2 39.2±1.1 155.6±4.2 20.4±3.1 58.1±8.0  8.7±2.3 1568.8±452.6

AFD
　n=60 2976.6±245.6 38.7±1.0 157.5±5.3 21.1±3.3 61.5±8.2  9.4±3.2 1467.3±546.3

HFD
　n=13 3579.6±265.2 39.2±1.2 161.5±5.4 22.6±3.8 70.2±9.4 11.4±3.9 1808.8±485.4

p-value

†1 <0.001* 0.185   0.015* 0.218   0.001* 0.093 0.110
†2 <0.001* 0.341 0.526 0.860 0.413 0.806 0.827
†3 <0.001* 0.333   0.034* 0.287   0.003* 0.121 0.092
†4 <0.001* 0.998   0.019* 0.237   0.002* 0.122 0.510

*P<0.05 by one-way analysis of variance.
p-values: †1 for LFD/AFD/HFD, †2 for LFD/AFD, †3 for AFD/HFD, and †4 for LFD/HFD.

Variable
Mean ± SD

p-valueUnderweight Normal Obese
n = 17 n = 55 n = 12

Birthweight (g) 3041.2 ± 403.3 2986.3 ± 331.4 3123.3 ± 459.5 0.482 
Gestational  weeks (wk) 38.9 ± 1.3 38.7 ± 1.0 39.2 ± 1.0 0.373 
Weight gain (g) 11.1 ± 3.1   9.5 ± 3.2   8.3 ± 3.6 0.070 
*P<0.05 by one-way analysis of variance.
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With respect to intake by food group, the in-
take of milk was significantly lower in the under-
weight group than in the normal group.

(4) Correlation between stress and infant birth-
weight/maternal nutrient intake （Tables 6,7）
1） Duration of pregnancy, infant birthweight and 

maternal weight gain （Table 6）
The results of the comparison between the low 

stress group （n = 46 participants; 61.3%） and 
the high stress group （n = 29; 38.7%） showed 
no significant differences in the duration of preg-
nancy or infant birthweight.

2） Nutrient intake （Table 7）
Comparison of the differences in nutrient in-

take between the high stress group and low 
stress group showed that the energy intake was 
1409.2 ± 451.7 kcal/day for the low stress group 
and 1663.1 ± 641.1 kcal/day for the high stress 
group, with the high stress group consuming sig-

nificantly more energy （p = 0.048）. The high 
stress group consumed significantly more protein, 
n-3, carbohydrates, vitamin K, vitamin B1, niacin, 
vitamin B6, folic acid, pantothenic acid, sodium, 
potassium, magnesium, phosphorus, iron, zinc, 
copper, dietary fiber and vitamin A （Table 7, and 
data not shown）. 

There were no significant differences in PFC 
balance between the low stress and high stress 
groups, and the protein energy ratio, fat energy 
ratio, and carbohydrate energy ratio were all with-
in the recommended range.

In terms of intake by food group, the high-
stress group consumed significantly more cereals, 
green and yellow vegetables, and other vegetables.

(5) Correlation between type of work and infant 
birthweight/maternal nutrient intake （Tables 8, 9）
1） Infant birthweight and maternal weight gain （Ta-

ble 8）

Table 6. Correlation between stress and infant birthweight / maternal weight gain

Table 7. Correlation between stress and maternal nutrient intake
Mean ± SD

p-valueVariable Low stress
 （less than 300）

High stress
 （over 300）

n = 46 n = 29
Energy （kcal） 1409.2 ± 451.7 1663.1 ± 641.1   0.048*
Protein （g）   45.1 ± 15.0   54.9 ± 22.2   0.025*
Dietary fats （g）   46.3 ± 22.4   54.0 ± 25.9 0.182 
Carbohydrate （g） 199.2 ± 58.1 235.2 ± 94.5   0.044*
Protein energy ratio （%） 12.7 ± 2.0 13.3 ± 2.0 0.262 
Fat energy ratio （%） 28.4 ± 6.9 28.9 ± 6.6 0.775 
Carbohydrate energy ratio （%） 57.9 ± 8.0 56.8 ± 7.5 0.559 
Vitamin B1 （mg）   0.6 ± 0.2   0.7 ± 0.3   0.039*
Vitamin B2 （mg）   1.0 ± 0.3   1.1 ± 0.6 0.186 
Vitamin B6 （mg）   0.7 ± 0.2   0.9 ± 0.4   0.018*
Vitamin B12 （μg）   3.3 ± 1.8   4.1 ± 2.6 0.135 
Folic acid （μg） 189.2 ± 59.5   239.9 ± 117.2   0.037*
 *P < 0.05 by unpaired t-test.

Mean ± SD

p-valueVariable Low stress
 （less than 300）

High stress
 （over 300）

n = 46 n = 29
Birthweight （g） 3033.5 ± 379.7 2997.1 ± 360.8 0.681 
Gestational  weeks （wk） 38.7 ± 1.1 38.9 ± 1.0 0.627 
Early pregnancy BMI （kg/m2） 21.5 ± 3.1 20.4 ± 3.4 0.160 
Weight gain （g）   9.8 ± 3.2   9.7 ± 3.7 0.899 
 *P < 0.05 by unpaired t-test.
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The results of the comparison between the two 
working-status groups, i.e., the full-time group 
（n = 32, 74.4%） and part-time group （n = 11, 

25.6%）, the weight gain was 10.1 ± 2.6 kg in 
the full-time group and 7.8 ± 4.3 kg in the part-
time group. There was no significant difference 
in the duration of pregnancy or infant birthweight 
between the two groups.

2） Nutrient intake （Table 9）
A comparison of nutritional intake by work 

status showed that the mean energy intake of nu-
trients was 1606.2 ± 549.7 kcal/day for the full-
time group and 1277.7 ± 449.4 kcal/day for the 
part-time group, n-3, vitamins B2 and B6, folic 
acid, pantothenic acid, potassium, iron, zinc, cop-
per and cholesterol were also significantly higher 

in the full-time group （Table 9, data not shown）. 
By food group, the intake of potatoes, beans, 
and eggs was significantly higher in the full-time 
group.

(6) Correlation between smoking status and infant 
birthweight/maternal weight gain （Table 10）
Comparison between the no smoking group and the 
smoking group showed no significant difference in 
the characteristics and the duration of pregnancy, 
but the infant birthweight tended to be lighter in the 
smoking group （p = 0.104）.

DISCUSSION

Relationship between the subject characteristics 

Table 8. Correlation between type of work infant birthweight / maternal weight gain

Table 10. Correlation between smoking status and infant birthweight / maternal weight gain

Table 9. Correlation between type of work and maternal nutrient intake
Mean ± SD

p-valueVariable Full-time Part-time 
n = 32 n = 11

Energy （kcal） 1606.2 ± 549.7 1277.7 ± 449.4 0.082 
Protein （g）   50.8 ± 16.9   41.1 ± 12.1 0.086 
Dietary fats （g）   53.0 ± 25.1   39.7 ± 17.6 0.111 
Carbohydrate （g） 226.1 ± 78.4 185.3 ± 73.5 0.138 
Protein energy ratio （%） 12.6 ± 2.3 13.0 ± 1.5 0.588 
Fat energy ratio （%） 28.7 ± 6.8 27.8 ± 8.2 0.706 
Carbohydrate energy ratio （%） 57.4 ± 8.3 58.0 ± 8.3 0.840 
 *P < 0.05 by unpaired t-test.

Mean ± SD
p-valueVariable Full-time Part-time 

n = 32 n = 11
Birthweight （g） 2965.4 ± 400.5 3000.1 ± 339.9 0.799 
Gestational  weeks （wk） 39.0 ± 1.1 38.5 ± 0.9 0.189 
Early pregnancy BMI （kg/m2） 20.7 ± 3.3 22.3 ± 3.3 0.169 
Weight gain （g） 10.1 ± 2.6   7.8 ± 4.3 0.122 
 *P < 0.05 by unpaired t-test.

Mean ± SD
p-valueVariable No smoking Smoking 

n = 57 n = 19
Birthweight （g） 3059.5 ± 373.2 2900.9 ± 333.4 0.104 
Gestational  weeks （wk） 38.9 ± 1.1 38.6 ± 0.9 0.420 
Early pregnancy BMI （kg/m2） 20.8 ± 3.2 21.7 ± 3.2 0.291 
Weight gain （g）   9.4 ± 3.5 10.8 ± 2.7 0.136 
 *P < 0.05 by unpaired t-test.
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and infant birthweight
In the examination of the relationship between the 
infant birthweight and the gestational weeks, a weak 
correlation was observed in both Survey 1 and Sur-
vey 2. In Survey 2, weak correlations were found 
between birthweight and maternal height, weight 
in early pregnancy, weight at delivery, and BMI at 
delivery, weight gain. In terms of maternal charac-
teristics compared by birthweight, LFDs had shorter 
maternal height and lower early pregnancy weight 
and delivery weight than HFDs. A previous study 
demonstrated that the observed association between 
maternal height and fetal growth measures （i.e., 
birth length and birth weight） is mainly defined 
by fetal genetics ［28］. In previous studies ［8–10］, 
thinness （body mass index <18.5 kg/m2） before 
pregnancy and poor weight gain during pregnancy 
were reported as risk factors for low birthweight 
and undue weight gain, suggesting that the maternal 
body shape affects the infant birthweight. In 2019, 
the percentage of thin women in their 20s in Japan 
was 20.7% ［29］, and a survey in Shimane Pre-
fecture in 2016 reported that approximately 20% 
of women in their 20s and 30s were thin, and the 
proportion of thin people was higher among women 
in their 30s and 40s than in the rest of the country 
［30］. Since 15% of the subjects in Survey 1 and 

20.2% of the subjects in Survey 2 were emaciated, 
education about body shape is necessary even be-
fore pregnancy.

The highest weight gain during pregnancy was 
observed in the underweight group （BMI less than 
18.5） in early pregnancy （11.1 ± 3.1 kg）. In 
2006, the Ministry of Health, Labour and Welfare 
published recommended levels of weight gain for 
pregnant mothers in consideration of their pre-preg-
nancy body shape （optimal weight gain）. These 
levels were revised in March 2021 to the following: 
12–15 kg （9–12 kg before the revision） for low 
body weight （BMI less than 18.5） and 10–13 kg 
（7–12 kg before revision） for normal body weight 
（BMI between 18.5 and 25.0）, and 7–10 kg （in-

dividualized before revision） for obesity degree 1 
（BMI 25.0 to 30） ［31］. Average weight gains of 
the underweight and normal groups in the present 
study were slightly less than the lower limit of the 
revised desired weight gain. This may be due to the 

fact that the new guidance tailors the diet and nutri-
tional intake to the mother’s specific body type.

Relationship between maternal nutritional intake 
and infant birthweight
The average energy intake in early, mid, and late 
pregnancy in Survey 1, and in the early pregnancy 
in Survey 2 were both lower than the estimated re-
quirements, and the average energy intake in early 
pregnancy was less than 1600 kcal, as in the pre-
vious study ［14］. The estimated energy requirement 
for 30–49 year-old non-pregnant women is 1,750 
kcal for physical activity level I （2,050 kcal for 
level II）, and 1,800–2,100 kcal when 50 kcal for 
early pregnancy is added ［32］. According to the 
National Health and Nutrition Survey of 2019 Ja-
pan, the energy intake of women was 1600 kcal in 
their 20s and 1673 kcal in their 30s ［29］, and en-
ergy intake tends to be low in women who are not 
pregnant.

Although energy intake was also low in the pres-
ent study, the PFC balance was within the recom-
mended range. This may have contributed to the 
lack of association between nutrient intake and in-
fant birthweight.

In Survey 2, there was no significant difference in 
nutrient intake between the LFD and AFD groups, 
but the LFD group tended to consume more energy, 
fat, n-6, and carbohydrates on average. Intakes of 
vitamin B12 and potassium were significantly lower 
in the LFD group. Intake of vitamin B12 also has 
an effect on anemia. Although hemoglobin levels 
were not investigated in this study, the fact that in 
both the LFD and AFD groups intake of vitamin 
B12 was below the estimated average requirement 
suggests that intake of this vitamin should be pro-
moted.

The intake of seafood was lower in the LFD 
group than in the HFD group, whereas there was no 
significant difference in the energy intake between 
the two groups. Seafood is low in calories and con-
tains high quality animal protein. It also contains 
many nutrients, such as vitamins （D, E, B12）, es-
sential minerals （potassium, calcium, magnesium, 
etc.）, and a variety of functional components such 
as highly unsaturated fatty acids （DHA: docosahex-
aenoic acid; EPA: eicosapentaenoic acid） ［33］. It 
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is therefore necessary to take advantage of the local 
dietary habits, which in Japan often include seafood, 
and provide specific guidance for intake of seafood 
and other regional staples. 

In Survey 1, the number of pregnant women 
who missed a meal at least once a week was 10 
（38.5%） in the early, 8 （30.8%） in the mid, and 

6 （23.1%） in the late pregnancy group. The most 
common responses to the question “What do you 
think about missing meals?” were “No appetite” （5） 
in the early, “I want to avoid missing meals” （3） in 
the mid, and “No appetite” （3） in the late pregnan-
cy group. In the early stages of pregnancy, morning 
sickness may be a factor, but as a characteristic of 
the diet in Shimane Prefecture, it has been reported 
that about one in three women in their 20s are not 
in the habit of eating breakfast every day ［30］, and 
nationally, about 20% of women in their 20s tend 
to be thin and to have low energy intake, and the 
rate of missing breakfast has been reported to be 
30% for Japanese women in their 20s. Therefore, 
it is necessary to educate women about their body 
shape and dietary intake not only during pregnancy 
but also before pregnancy, since their pre-pregnancy 
eating habits may continue after pregnancy.

Relationship between stress and infant birthweight
In the Survey 2 on early pregnancy, there was no 
significant difference in the infant birthweight or 
weight gain during pregnancy between the high 
stress group and the low stress group. The high 
stress group consumed significantly more energy 
and other nutrients, and by food group, more green 
and yellow vegetables and other vegetables, than 
the low stress group. Further, in Survey 2, PFC bal-
ance was within the recommended range for both 
the high and low stress groups. On the other hand, 
in Survey 1 covering the entire period of pregnan-
cy, comparing the stress group with the little or no 
stress group, the stress group had a higher weight 
gain during pregnancy, but significantly lower infant 
birthweight. In terms of nutritional intake during the 
pregnancy, the stress group tended to have a lower 
energy intake in early pregnancy and a higher ener-
gy intake in mid and late pregnancy than the little 
or no stress group. This discrepancy between the 
results of surveys may be related to the different 

methods used to investigate stress.
An international systematic review reported that a 

healthy dietary pattern characterized by a high in-
take of vegetables, fruits, whole grains, low-fat dairy 
products, and fat-free protein foods tends to be as-
sociated with a lower risk of SGA ［34］. Healthy 
diet with an adequate PFC balance may reduce the 
influence of stress on infant birthweight.

Association between employment status and infant 
birthweight
In the comparison of nutrient intake, the part-time 
group tended to consume less of many nutrients, 
but there was no significant difference in the infant 
birthweight between the two groups. There was also 
no significant difference between the two groups in 
the PFC balance. It is possible that well-balanced 
nutrition may have been responsible for the lack of 
difference in birthweight between the two groups in 
this study.

Shimane Prefecture ranks first in Japan in both 
the labor force participation rate of women and the 
labor rate of the child-rearing generation, and the 
percentage of regular employees and staff is 52.1% 
［19］. Since 50% of working women are non-regular 
employees, it is necessary to monitor their dietary 
intake and provide them with lifestyle guidance in 
light of their working conditions.

CONCLUSIONS

The infant birthweight was weakly correlated with 
the gestational weeks in both Survey 1 and Survey 2, 
and with maternal height, weight in early pregnancy, 
weight at delivery, and weight gain during pregnan-
cy in Survey 2. The average energy intake for ear-
ly, mid, and late pregnancy in Survey 1 and early 
pregnancy in Survey 2 were all below the estimated 
requirements, but the PFC balance was within the 
recommended range. Intake of vitamin B12 was 
significantly lower in the LFD group. These findings 
suggest that pre-pregnancy body shape and nutri-
tional status during pregnancy may affect the infant 
birthweight. Therefore, education about nutritional 
intake, including pre-pregnancy body shape, energy 
intake, vitamin intake, and nutritional balance, is 
necessary not only during but also before pregnancy.
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In Survey 1 covering the entire period of preg-
nancy, the stress group had a higher weight gain 
during pregnancy, but significantly lower infant 
birthweight. In Survey 2, there was no significant 
difference in infant birthweight between the high 
and low stress groups in early pregnancy. Energy 
intake was significantly higher with adequate PFC 
balance in the high stress group. Discrepant results 
between the surveys may be related to the different 
methods used to investigate stress, and PFC balance 
within the recommended range might reduce the in-
fluence of stress on infant birthweight.

Acknowledgments
We thank the participants of the study, and Dr. 
Akihiro Matsumoto, Department of Developmental 
Biology, Shimane University Faculty of Medicine, 
for his help in the statistical analyses.

Disclosure statement 
All authors have nothing to disclose related to the 
content of this study.

REFERENCES

1） Fleming TP, Watkins A, Velazquez MA, et al. 
Origins of lifetime health around the time of 
conception: causes and consequences. Lancet 
2018;391:1842-1852. doi: 10.1016/S0140-6736
（18）30312-X.

2） Heidari-Beri  M. Early l ife nutri t ion and 
non-communicable disease. Adv Exp Med Biol 
2019;1121:33-40. doi: 10.1007/978-3-030-10616-
4_4.

3） De Mendonça ELSS, de Lima Macêna M, 
Bueno NB, de Oliveira ACM, Mello CS. Prema-
ture birth, low birth weight, small for gestational 
age and chronic non-communicable diseases in 
adult life: a systemic review with meta-analysis. 
Early Hum Dev 2020;149:105154. doi: 10.1016/
j.earlhumdev.2020.105154.

4） Itabashi K, Matsuda Y. DOHaD the basis and 
clinical. Tokyo: Kanehara Shuppan Co.; 2008. （in 
Japanese）

5） OECD. Health Status 2018. OECD.Stat. https://
stats.oecd.org/Index.aspx?DatasetCode=HEALTH_
STAT. （accessed December 28, 2021）.

6） Cabinet Office. The 2014 White Paper on Chil-
dren and Youth （Full Version）. https://www8.cao.
go.jp/youth/whitepaper/h26honpen/b1_02_01.html. 
（accessed September 20, 2021）. （in Japanese）

7） Ministry of Health, Labor and Welfare. Report of 
the study group on “Healthy Parent and Child 21 
（2nd phase）”. https://www.mhlw.go.jp/file/05-Shin-
gikai-11901000-Koyoukintoujidoukateikyoku-Soumu-
ka/0000064816.pdf. （updated November 11 2014. 
accessed September 20, 2021）. （in Japanese）

8） Qiu D, Sakamoto N, Arata N, Ooya Y. Epi-
demiological study on maternal factors in low 
birth weight infants. J Health Welfare Statistics 
2014;61:1-8. （in Japanese）

9） Yoshida H, Kato N, Yokoyama T. Current trends 
in low birth weight infants in Japan. J National 
Institute of Public Health 2014;63（1）:2-16. （Eng 
Abstr）

10） Kido K, Hayashi T. Maternal factors associat-
ed with pre- and peri-pregnant period influencing 
the deliveries of low birth-weight infants in term. 
Bulletin of the School of Nursing, Yamaguchi 
Prefectural University 2007;11:7-14. （Eng Abstr）

11） Ota E. Fetal birth weight and nutritional in-
tervention effects. Obstetrics and Gynecology 
2017;84:1185-1190. （in Japanese）

12） Ota E, Gauchimeg T, Morisaki N, et al. Risk 
factors and adverse perinatal outcomes among 
term and preterm infants born small-for-ges-
tational-age: secondary analyses of the WHO 
Multi-Country Survey on Maternal and Newborn 
Health. PloS ONE 2014;9:e105155. doi:10.1371/
journal.pone.0105155.

13） WHO. WHO recommendations on antenatal 
care for a positive pregnancy experience. https://
apps.who.int/iris/bitstream/handle/10665/250796/97
89241549912-eng.pdf?ua=1. （accessed December 
28, 2021）.

14） Kubota K. Effects of nutrition during pregnancy 
and children’s health. J Japanese Society of Clini-
cal Nutrition 2017;39.1:19-24. （in Japanese）

15） Shimane Prefecture. Healthy Parent and Child, 
Shimane Plan. https://www.pref.shimane.lg.jp/medi-
cal/kenko/iryo/shimaneno_iryo/hokenniryoukeikaku/
index.data/keikakuR3_6-2shou.pdf. （accessed De-
cember 28, 2021）. （in Japanese）

16） Sonoda K, Matsunari Y, Takei S. Life style and 

61Environmental factors and birthweight



psychological characteristics in pregnant woman 
that affect the fetal development. J Child Health 
2016;75:463-473. （in Japanese）

17） Berkowitz GS, Kasl SV. The role of psy-
chosocial factors in spontaneous preterm deliv-
ery. J Psychosom Res 1983;27:283-290. doi: 
10.1016/0022-3999（83）90050-8.

18） Hobel C, Culhane J. Role of psychosocial and 
nutritional stress on poor pregnancy outcome. 
J Nutr 2003;133:1709S-1717S. doi: 10.1093/
jn/133.5.1709S.

19） Ministry of Health, Labour and Welfare. Over-
view of measures related to working women. 
https://www.mhlw.go.jp/bunya/koyoukintou/josei-jit-
sujo/dl/16c-1.pdf. （accessed December 18, 2021）. 
（in Japanese）

20） Nakatani Y, Nagashima R, Kagohashi Y, 
Katsube A, Otani H. Maternal nutritional status 
during early pregnancy in Shimane prefecture first 
report: a comparison by delivery history. Bulle-
tin of the University of Shimane Izumo Campus 
2018;13:91-98. （in Japanese）

21） Kagohash i  Y,  Naka tan i  Y,  Ka t sube  A, 
Nagashima R, Otani H. Maternal nutritional sta-
tus during early pregnancy in Shimane prefecture 
second report: a comparison by body mass index 
and meal skipping. Bulletin of the University of 
Shimane Izumo Campus 2018;13:99-109. （in Jap-
anese）

22） Yoshimura Y, Takahashi K. Food frequency 
questionnaire based on food groups Ver3.5. To-
kyo: Kenpakusha; 2011. （in Japanese）

23） Minamoto T, Nakayama K, Ishibashi T, et al. 
Pregnancy by assisted reproductive technology 
is associated with shorter telomere length in ne-
onates. Int J Mol Sci 2020;21（24）:9688. doi: 
10.3390/ijms21249688.

24） Department of Social and Preventive Epide-
miology, School of Public Health, /Division of 
Health Sciences and Nursing, Graduate School of 
Medicine, the University of Tokyo. Self-adminis-
tered diet history questionnaire: DHQ. http://www.
nutrepi.m.u-tokyo.ac.jp/dhq/summary.html. （ac-
cessed November 13, 2021）. （in Japanese） 

25） Natsume M, Murata H. Life event and stress 
scale. Bull. Inst. Public Health 1993;42（3）:402-
421. （in Japanese）

26） Itabashi K, Fujimura M, Kusuda S, et al. In-
troduction of the new birth size standard by ges-
tational age for Japanese neonates. J Jpn Pediatr 
Soc 2010;114:1271-1293. （in Japanese）

27） Natsume M. What is your stress score?. 
https://www.shinwa-kai.jp/_src/10087157/score.
pdf?v=1574819157000. （accessed November 13, 
2021）. （in Japanese）

28） Zhang G, Bacelis J, Lengyel C, et al. Assess-
ing the causal relationship of maternal height 
on birth size and gestational age at birth: a 
mendelian randomization analysis. PLoS Med 
2 0 1 5;1 2（8）:e1 0 0 1 8 6 5. doi: 1 0.1 3 7/journal.
pmed.1001865. 

29） Ministry of Health, Labour and Welfare. Na-
tional Health and Nutrition Survey 2020. https://
www.mhlw.go.jp/content/10900000/000687163.
pdf. （updated December 2020, accessed July 30, 
2021）. （in Japanese）

30） Shimane Prefecture. Report on the Results of 
the FY2016 Shimane Prefectural People’s Health 
Nutrition Survey ［Nutrition Survey］ Shimane Pre-
fecture Dietary Education Promotion Plan, Third 
Plan Shimane Citizens Health and Nutrition Sur-
vey result report 2016. https://www.pref.shimane.
lg.jp/medical/kenko/kenko/syokuiku/shokuchishiki/
shokuiku_plan3.data/ikkatu.pdf. （updated Septem-
ber 9, 2017, accessed November 19, 2021）. （in 
Japanese）

31） Ministry of Health, Labour and Welfare. Out-
line of the revision of the Dietary Guidelines for 
Pregnant and Nursing Women. https://www.mhlw.
go.jp/content/000776927.pdf. （updated March 
2021, accessed July 30, 2021）. （in Japanese）

32） Ito S, Sasaki S. Dietary Reference Intakes for 
Japanese, 2020. 3. Tokyo: Daiichi Shuppan Co; 
2020. （in Japanese）

33） Ministry of Agriculture, Forestry and Fisheries. 
So let’s eat fish. aff 2014;1. https://www.maff.go.
jp/j/pr/aff/1401/spe1_01.html. （accessed November 
19, 2021）. （in Japanese）

34） Chia AR, Chen LW, Lai JS, et al. Maternal 
dietary patterns and birth outcomes: a systematic 
review and meta-analysis. Advances in Nutri-
tion 2019;10:4:685-695. doi: 10.1093/advances/
nmy123.

62 NAKATANI et al.


