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Prenatal alcohol exposure and adverse fetal growth restriction:
findings from the Japan Environment and Children’s Study
Kazutoshi Cho1, Sumitaka Kobayashi2, Atsuko Araki2, Chihiro Miyashita2, Sachiko Itoh2, Yasuaki Saijo3, Yoshiya Ito4, Kazuo Sengoku5,
Tsuyoshi Baba6, Hisanori Minakami1, Yuichi Nakamura1, Reiko Kishi2 and The Japan Environment and Children’s Study Group

BACKGROUNDS: Japanese studies on the association between maternal alcohol consumption and fetal growth are few. This study
assessed the effect of maternal alcohol consumption on fetal growth.
METHODS: This prospective birth cohort included 95,761 participants enrolled between January 2011 and March 2014 in the Japan
Environment and Children’s Study. Adjusted multiple linear and logistic regression models were used to assess the association
between prenatal alcohol consumption and infant birth size.
RESULTS: Consumption of a weekly dose of alcohol in the second/third trimester showed a significant negative correlation with
standard deviation (SD; Z) scores for body weight, body length, and head circumference at birth, respectively. Consumption of a
weekly dose of alcohol during the second/third trimester had a significant positive correlation with incidences of Z-score ≤−1.5 for
birth head circumference. Associations between alcohol consumption in the second/third trimester and Z-score ≤−1.5 for birth
weight or birth length were not significant. Maternal alcohol consumption in the second/third trimester above 5, 20, and 100 g/
week affected body weight, body length, and head circumference at birth, respectively.
CONCLUSION: Low-to-moderate alcohol consumption during pregnancy might affect fetal growth. Public health policies for
pregnant women are needed to stop alcohol consumption during pregnancy.
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IMPACT:

● This study examined the association between maternal alcohol consumption and fetal growth restriction in 95,761 pregnant
Japanese women using the prospective birth cohort.

● Maternal alcohol consumption in the second/third trimester more than 5, 20, and 100 g/week might affect fetal growth in body
weight, body length, and head circumference, respectively.

● The findings are relevant and important for educating pregnant women on the adverse health effects that prenatal alcohol
consumptions have on infants.

INTRODUCTION
Alcohol consumption among young women is a habit that may
continue after conception. In Japanese data on alcohol consumption
during pregnancy, planned pregnancies were not considered; this
may have altered the rate of alcohol consumption at conception.
However, a cross-sectional study of pregnant Japanese women who
were receiving antiepileptic drugs reported a planned pregnancy
rate of 35.9%1. In 2002, 76.9% of pregnant Japanese women
abstained from alcohol after the confirmation of pregnancy2. In a
survey by Ministry of Health, Labour and Welfare, Japan, the rate of
alcohol consumption among pregnant women who knew that they
were pregnant was 8.7%3. In the birth cohort study, the Japan
Environmental and Children’s Study (JECS), the rate of alcohol
consumption among pregnant women before and after awareness
of pregnancy was 50.0% and 2.8%, respectively4. In the JECS, the

median (inter-quartile range) quantity of alcohol consumed before
and after awareness of pregnancy was reported as 27.1 (11.6–74.5)
and 10.6 (4.6–21.5) g/week, respectively4. Women of childbearing
age consume more alcohol than those of non-childbearing age.
This increasing rate of alcohol consumption among young women
remains a potential problem in future. Therefore, it is important to
examine the association between maternal alcohol consumption
during pregnancy and birth outcomes among pregnant women
in Japan.
In addition, the effect of maternal alcohol exposure on fetal

growth remains controversial, even according to the result of the
most recent meta-analysis5. Some retrospective studies reported a
negative effect of maternal alcohol consumption on birth
weight6,7, while some prospective or case–control studies showed
no such effect8,9. Potential confounders of alcohol consumption,

Received: 6 November 2020 Revised: 6 November 2020 Accepted: 13 May 2021
Published online: 4 June 2021

1Maternity and Perinatal Care Center, Hokkaido University Hospital, Sapporo, Japan; 2Center for Environmental and Health Sciences, Hokkaido University, Sapporo, Japan;
3Department of Social Medicine, Asahikawa Medical University, Asahikawa, Japan; 4Faculty of Nursing, Japanese Red Cross Hokkaido College of Nursing, Kitami, Japan;
5Department of Obstetrics and Gynecology, Asahikawa Medical University, Asahikawa, Japan and 6Department of Obstetrics and Gynecology, School of Medicine, Sapporo
Medical University, Sapporo, Japan
Correspondence: Sumitaka Kobayashi (sukobayashi@cehs.hokudai.ac.jp)
A list of authors and their affiliations appears at the end of the paper.

www.nature.com/pr

© The Author(s), under exclusive licence to the International Pediatric Research Foundation, Inc 2021

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01595-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01595-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01595-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01595-3&domain=pdf
mailto:sukobayashi@cehs.hokudai.ac.jp
www.nature.com/pr


such as smoking, maternal physical and socioeconomic status, and
premature birth affect birth weight significantly. Some reports
mentioned that patterns of prenatal alcohol use influence fetal
growth outcomes10.
Five reports have assessed the relationship between prenatal

alcohol consumption during pregnancy and birth weight or
small-for-gestational-age (SGA) status in Japan11–15. In a
prospective birth-cohort study of the Hokkaido Study on
Environment and Children’s Health, alcohol consumption during
pregnancy was a risk factor for SGA among full-term infants
(term-SGA) born to 18,509 pregnant Japanese women15.
However, the other four studies revealed no association among
189–23,132 participants. The discrepancy in the five previous
reports from the Japanese population may be due to the limited
sample size and varied levels of alcohol consumption. Studies on
the association between the threshold of prenatal alcohol
consumption and SGA and birth weight in Japan are limited.
Thus, there is a need to re-examine the relationship between
prenatal alcohol consumption during pregnancy and birth size
or SGA among Japanese women, whose alcohol consumption
habits differ from that of Europeans and Americans by
conducting a prospective birth cohort study with a sample size
of ≥20,000 participants. Based on previous knowledge, we
hypothesized that (i) alcohol consumption among pregnant
Japanese women would reduce birth weight and increase the
risk of SGA among their infants and (ii) a low-to-moderate
alcohol consumption habits during pregnancy would increase
the risk of small birth sizes and SGA.
Maternal alcohol consumption is assessed using the food

frequency questionnaire (FFQ). Ethanol is the main component of
alcohol; it is oxidized to acetaldehyde by the enzyme, alcohol
dehydrogenase, and much of the acetaldehyde is oxidized to
acetate by the enzyme, aldehyde dehydrogenase. A large amount
of acetate leaves the liver and circulates to the peripheral
tissues16. Alcohol and acetaldehyde, which is a more toxic
metabolite of ethanol, has adverse effects on birth size, preterm
birth, and SGA17–19. The half-lives of ethanol and acetaldehyde in
humans are about 1.5–2.5 and 1.5–3 h, respectively20,21. The short
half-lives of ethanol and acetaldehyde imply that a single
measurement of maternal ethanol and acetaldehyde levels at a
specific time point may not be suitable to evaluate alcohol
consumption during pregnancy. The FFQ quantifies alcohol
consumption and offers an accurate estimation of alcohol
consumption.
The aim of this study was to assess the effect of maternal

alcohol consumption on fetal growth after adjusting for the effect
of confounding factors using a nationwide birth cohort.

METHODS
Study participants
The JECS is an ongoing prospective birth cohort study in Japan.
Details of the JECS have been described elsewhere22,23. Pregnant
women were recruited between January 2011 and March 2014.
Pregnant women who lived in the study area at the time of
recruitment, had an expected date of delivery after August 2011,
understood Japanese, and were able to complete the self-
administered questionnaire were eligible for the study. Pregnant
women residing outside the study area who sought antenatal care
at participating health care facilities within the study area were
excluded. In total, 104,102 birth records were included in the
cohort, including records of multiple births. The present study
used the dataset jecs-ag-20160424 which was released in June
2016 and revised in October 2016.
The exclusion criteria included stillbirth and miscarriage (n=

3954); multiple birth (n= 1889); severe anomalies (n= 327);
infants with gestational ages <34 weeks (n= 956); infants with
gestational ages ≥42 weeks (n= 224); and incomplete data on
parity (n= 917), birth weight (n= 68), and infant sex (n= 6).
Among the 104,102 fetal records included in the cohort, data of
singleton live births without severe anomalies and any exclusion
criterion were available for 95,761 fetal records. The participant
selection process is shown in Fig. 1.

Ethical statement
The JECS protocol was approved by the Ministry of the Environ-
ment’s Institutional Review Board on Epidemiological Studies and by
the ethics review committees of each participating institution
(Appendix 1). All the participants provided written informed
consent. The study was conducted in accordance with the tenets
of the Declaration of Helsinki.

Questionnaires including FFQ
Maternal age, maternal pre-pregnancy body weight and height,
and hard work status were assessed via a self-administered
questionnaire during the first trimester (10–16 weeks of gestation).
Maternal pre-pregnancy body mass index (BMI) was calculated by
dividing the pre-pregnancy weight (kg) by the square of the pre-
pregnancy height (m2). Information on the highest maternal
education level, family income, maternal active and passive
smoking status, and psychological problems (slightly anxious,
depression, or frustration) was obtained via a self-administered
questionnaire during the second/third trimester (20–28 weeks of
gestation). The self-administered FFQ was used to obtain
information on consumption of alcoholic beverages during both
the first (10–16 weeks of gestation) and second/third (20–28 weeks

Study participants (n = 95,761)

Parity (n = 917)
Birth weight (n = 68)
Sex (n = 6)

Incomplete data (n = 991)

Singleton live births (n = 98,259)

Multiple births (n = 1889)

Live births (n = 100,148)

Miscarriages or stillbirths (n = 3954)

All deliveries (n = 104,102)

Severe anomalies (n = 327)
Singleton live births without severe anomalies (n = 97,932)

Gestational age <34 weeks (n = 956), gestational age ≥≥42 weeks (n = 224)

Gestational age 34–41 weeks (n = 96,752)

Fig. 1 Flow diagram of participants enrolled in the Japan Environment and Children’s Study.
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of gestation) trimesters. Details of the self-administered FFQs
used in this study have been described previously24. Details of
mild or severe hypertensive disorders of pregnancy (HDP), birth
size, gestational age, and infant sex were obtained via the
questionnaire, which was written by medical doctors and was
based on birth medical records.

Calculations of weekly alcohol consumption
The FFQ was used to estimate alcohol consumption. We calculated
the average daily alcohol consumption (in grams) for regular
drinkers based on the beverage type, frequency of alcoholic
beverage consumption, and the quantity consumed per occasion
using the previously reported alcohol conversion chart18.
The questionnaire contained queries on the consumption of

popular alcoholic beverages in Japan, including Japanese sake
(rice wine), shochu (distilled spirit), and awamori (strong Okinawan
liquor distilled from rice or millet), beer, whiskey, and wine. The
frequency of alcohol consumption during pregnancy was
classified into six categories: rarely/never, once to thrice per
month, once to twice per week, three to four times per week, five
to six times per week, and once per day. The quantity of Japanese
sake and shochu/awamori consumed per occasion was classified
into eight categories: never, <0.5, 1, 2, 3, 4, 5–6, or ≥7 go (in Japan,
the go is the most commonly used measurement of Japanese sake
and shochu/awamori consumption; they contain approximately 23
and 36 g of alcohol, respectively. One go of Japanese sake is
equivalent to 180 mL). The quantity of beer consumed per
occasion was classified into eight categories: never, <0.5, 1, 2, 3,
4, 5–6, and ≥7 bottles. One bottle of beer is approximately 633
mL and contains approximately 23 g of alcohol. The quantity of
whiskey consumed per occasion was classified into eight
categories: never, <0.5, 1, 2, 3, 4, 5–6, and ≥7 shots. One shot
of whiskey contains approximately 30 mL and 10 g of alcohol.
The quantity of wine consumed per occasion was classified into
eight categories: never, <0.5, 1, 2, 3, 4, 5–6, and ≥7 glasses.
One glass of wine contains approximately 60 mL and 9 g of
alcohol. We calculated the amount of alcohol consumed per
week by multiplying the amount consumed per occasion for
each beverage type by the frequency consumed per day and
multiplying the result by 7 (days).
Women in the first trimester of pregnancy who answered, “I

don’t take alcoholic beverages innately” or “I have quitted alcohol”
were considered non-alcohol drinkers, and those who answered, “I
take alcoholic beverages” were considered alcohol drinkers.
Women in the second/third trimester who answered, “I don’t take
alcoholic beverages innately” or “I quitted alcohol before or after
being aware of the pregnancy” were considered non-alcohol
drinkers, and those who answered, “I take alcoholic beverages”
were considered alcohol drinkers.

Outcome definitions
The weight, length, and head circumference of each infant
measured at birth were defined as birth weight, birth length, and
birth head circumference, respectively. Each birth weight, birth
length, or birth head circumference Z-score was defined as the
respective standard deviation (SD) for gestational age in the
normal distribution, accounting for infant sex, maternal parity,
and gestational age according to the guidelines of the Japan
Pediatric Society25,26. SGA was defined as a Z-score of birth
weight below −1.5 SD. A Z-score of birth length <−1.5 was
defined as a Z-score of birth length below −1.5 SD. A Z-score of
birth head circumference <−1.5 was defined as a Z-score of birth
head circumference below −1.5 SD.

Statistical analyses
First, we assessed the maternal characteristics and alcohol
drinking status in the first and second/third trimesters. Second,
we compared the characteristics between mothers of SGA infants

and those of non-SGA infants using the chi-square test and
independent t-test. The chi-square test was used to test the
difference in frequency between the SGA and non-SGA groups. An
independent t-test was used to compare the mean difference
between the SGA and non-SGA groups. Third, we assessed the
association between alcohol drinking in the second/third trimester
and each Z-score of birth weight, birth length, or birth head
circumference using multiple linear regression models adjusted
for maternal age (≥35/<35 years), education level (≤high school/
>high school), annual household income (<4/≥4 million Japanese
yen), pre-pregnancy BMI < 18.5 kg/m2 (yes/no), pre-pregnancy
BMI ≥ 25 kg/m2 (yes/no), hard work in the first trimester (yes/no),
maternal active and passive smoking in the second/third trimester
(yes/no), psychological problems in the second/third trimester
(yes/no), and mild or severe HDP (yes/no). A multiple regression
analysis was used to quantify the associated factors (explanatory
variables) in the form of functions, and to predict the results
(objective variables [continuous variables of the Z-score for birth
size]) based on the associated factors. Fourth, we assessed the
association between alcohol consumption in the second/third
trimester and SGA, Z-score of birth length <−1.5, or Z-score of
birth head circumference <−1.5 using logistic regression models
adjusted for the above-mentioned confounding factors. A logistic
regression analysis was used to quantify the associated factors
(explanatory variables) in the form of functions and to predict the
results (objective variables [binary variables of whether Z-score for
birth size <−1.5 or not]) based on the associated factors. Finally,
we assessed the association between each Z-score of birth weight,
birth length, or birth head circumference of infants born to alcohol
drinkers and non-alcohol drinkers using the independent t-test to
assess the effect of threshold alcohol levels on the reduction in
birth size;. that is, the independent t-test was used to test the
difference in the mean birth size of infants born to non-alcohol
drinkers and alcohol drinkers with more than a certain amount of
alcohol. Statistical analyses were performed using SPSS version 26
(IBM Corp., Armonk, NY). P values < 0.05 were considered to be
statistically significant.

RESULTS
The maternal characteristics are summarized in Table 1. The
proportions of mothers aged ≥35 years, those with a high school
educational level, those with family incomes of 4–8 million
Japanese yen, those with maternal pre-pregnancy BMIs
<18.5 kg/m2, those with pre-pregnancy BMIs ≥25 kg/m2, those
who engaged in hard work during the first trimester, those who
smoked in the second/third trimester, those with maternal
passive smoking in the second/third trimester, those who had
psychological problems in the second/third trimester, those with
mild HDP, and those with severe HDP were 26.88%, 35.57%,
44.76%, 16.16%, 10.59%, 13.71%, 4.48%, 59.40%, 76.45%, 2.23%,
and 0.81%, respectively.
The participants’ alcohol consumption statuses in the first and

second/third trimesters are shown in Table 2. The number of
alcohol drinkers in the first and second/third trimesters was 9,375
(9.79%) and 2,642 (2.76%), respectively. In the first trimester, the
number of women who drank alcohol less than once/week, every
day, less than 10 g per occasion, ≥200 g per occasion, less than 5 g
per week, and ≥100 g per week was 4,074 (43.46%), 1,110
(11.84%), 5,173 (55.18%), 43 (0.46%), 4,833 (51.55%), and 1,170
(12.68%), respectively. In the second/third trimester, the number
of women who drank alcohol less than once/week, every day, less
than 10 g per occasion, ≥200 g per occasion, less than 5 g per
week, and ≥100 g per week was 1,692 (64.04%), 75 (2.84%), 504
(19.08%), 4 (0.15%), 872 (33.01%), and 133 (5.03%), respectively.
Table 3 shows the differences between SGA and non-SGA

infants. Compared with mothers of non-SGA infants, a higher
proportion of mothers of SGA infants had education levels up to
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high school (38.4% vs. 36.3%; p= 0.003), engaged in hard work in
the first trimester (15.5% vs. 14.0%; p= 0.005), smoked in the first
trimester (21.7% vs. 17.8%; p < 0.001), smoked in the second/third
trimester (8.4% vs. 4.4%; p < 0.001), had psychological problems in
the second/third trimester (79.5% vs. 77.9%; p= 0.010), mild HDP
(4.7% vs. 2.1%, p < 0.001), severe HDP (3.0% vs. 0.7%; p < 0.001),
and drank alcohol in the second/third trimester (3.6% vs. 2.8%; p
= 0.001). In the second/third trimester, compared with mothers of
non-SGA infants who drank alcohol, mothers of SGA infants drank
alcohol more frequently (0.040 vs. 0.026 times/week; p= 0.019),
and had a higher alcohol consumption dose per occasion (0.771
vs. 0.502 g; p= 0.005).
Table 4 shows the association between maternal alcohol

consumption dose (10 g) per week in the second/third trimester
and Z-score and incidence of Z-score <−1.5 for body size. Ten
grams of maternal alcohol consumption per week decreased 0.005

Table 2. Maternal alcohol consumption status in the first and second/
third trimesters.

Parameters Category n (%)

Alcohol consumption in the first
trimester

Yes 9,375 (9.79)

No 84,769 (88.52)

Missing data 1,617 (1.69)

Alcohol drinkers in the first trimester (n= 9375)

Alcohol consumption
frequency (per week)

<1/week 4,074 (43.46)

1–2/week 2,187 (23.33)

3–4/week 1,130 (12.05)

5–6/week 704 (7.51)

Every day 1,110 (11.84)

Missing data 170 (1.81)

Alcohol consumption per
occasion (g)

<10 5,173 (55.18)

10–20 1,463 (15.61)

20–50 1,684 (17.96)

50–100 634 (6.76)

100–150 165 (1.76)

150–200 43 (0.46)

≥200 43 (0.46)

Missing data 170 (1.81)

Alcohol consumption per
week (mL)

<5 4,833 (51.55)

5–10 661 (7.05)

10–20 816 (8.70)

20–50 1,008 (10.75)

50–100 717 (7.65)

≥100 1,170 (12.68)

Missing data 170 (1.81)

Alcohol consumption in the
second/third trimester

Yes 2,642 (2.76)

No 90,799 (94.82)

Missing data 2,320 (2.42)

Alcohol drinkers in the second/third trimester (n= 2642)

Alcohol consumption
frequency (per week)

<1/week 1,692 (64.04)

1–2/week 413 (15.63)

3–4/week 127 (4.81)

5–6/week 72 (2.73)

Every day 75 (2.84)

Missing data 263 (9.95)

Alcohol consumption per
occasion (g)

<10 504 (19.08)

10–20 1,317 (49.87)

20–50 601 (22.76)

50–100 105 (3.98)

100–150 24 (0.91)

150–200 9 (0.34)

≥200 4 (0.15)

Missing data 77 (2.92)

Alcohol consumption per
week (g)

<5 872 (33.01)

5–10 541 (20.48)

10–20 389 (14.72)

20–50 262 (9.92)

50–100 145 (5.49)

≥100 133 (5.03)

Missing data 300 (11.36)

Table 1. Maternal characteristics.

Parameters Category n (%)

Maternal age (years) <20 839 (0.88)

20–25 8769 (9.16)

25–30 26,482 (27.65)

30–35 33,930 (35.43)

≥35 25,737 (26.88)

Missing data 4 (0.00)

Highest maternal
education level

Junior high school 4542 (4.74)

High school 29,521 (30.83)

Junior college 39,397 (41.14)

University
or higher

20,227 (21.12)

Missing data 2,074 (2.17)

Family income (million
Japanese yen)

<4 35,186 (36.74)

4–8 42,867 (44.76)

≥8 9421 (9.84)

Missing data 8287 (8.65)

Maternal pre-pregnancy
BMI (kg/m2)

<18.5 15,476 (16.16)

18.5–25.0 70,083 (73.19)

≥25.0 10,138 (10.59)

Missing data 64 (0.07)

Hard work in the first
trimester

Yes 13,128 (13.71)

No 80,080 (83.62)

Missing data 2553 (2.67)

Active smoking in the
second/third trimester

Yes 4287 (4.48)

No 89,154 (93.10)

Missing data 2320 (2.42)

Passive smoking in the
second/third trimester

Yes 56,879 (59.40)

No 37,121 (38.76)

Missing data 1761 (1.84)

Psychological problems in
the second/third trimester

Yes 73,209 (76.45)

No 20,705 (21.62)

Missing data 1847 (1.93)

Mild hypertensive
disorders of pregnancy

Yes 2135 (2.23)

No 93,626 (97.77)

Severe hypertensive
disorders of pregnancy

Yes 779 (0.81)

No 94,982 (99.19)

BMI body mass index.
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(95% confidence interval [CI]: 0.001, 0.009; p= 0.021), 0.006 (0.002,
0.010; p= 0.008), and 0.005 (0.001, 0.009; p= 0.026) Z-score for
birth weight, birth length, and birth head circumference,
respectively. Ten grams of alcohol consumption per week
increased the risk of Z-score for birth head circumference <−1.5
by 1.015 (1.004, 1.026; p= 0.009). Ten grams of alcohol consump-
tion dose per week in the second/third trimester did not
significantly influenced the incidence of Z-score <−1.5 for birth
weight and birth length.
Table 5 shows the association between ≥ threshold levels of

alcohol consumption in the second/third trimester and no alcohol
consumption for birth outcomes. Compared to infants of mothers
with non-alcohol drinkers, those of alcohol drinkers who
consumed ≥5 g/week had significantly lower Z-scores for birth
weight (0.072 ± 0.965 vs. 0.141 ± 0.960; p= 0.022); those of alcohol
drinkers who consumed ≥20 g/week had significantly lower Z-
scores for birth length (0.751 ± 0.977 vs. −0.045 ± 1.021; p=
0.005); and those of alcohol drinkers who consumed ≥100 g/week
had significantly lower Z-scores for birth head circumference
(−0.004 ± 1.013 vs. −0.235 ± 1.049; p= 0.009), respectively.

DISCUSSION
This study showed that maternal alcohol consumption during the
second/third trimester was significantly associated with lower Z-
scores for birth weight, birth length, and birth head circumference,
and with a higher incidence of Z-scores <−1.5 SD for birth head
circumference. In our previous study, alcohol consumption during

pregnancy was associated with an increased risk of a birth weight
< the 10th percentile of infants at term.15 In the present study,
SGA was defined as a birth weight <−1.5 SD which is equivalent
to < the 6.7th percentile. Low birth weight is correlated with
prematurity, sex, and SGA. In this study, we converted birth
weight, birth length, and birth head circumference to Z-scores.
In a previous large study, heavy and low-to-moderate

maternal alcohol consumption during pregnancy was associated
with lower birth weights, and higher risks of low birth weight
and SGA27,28. In this study, we also observed that mothers with a
low dose of alcohol consumption (≥5 g ethanol or ≥1/2 shot of
whisky per week) in the second/third trimester had infants with
lower birth weights. These findings are similar to those of
previous studies27,28. Even if the pregnant women had
consumed low levels of alcohol during pregnancy, the infants
born to the women would have being at risk of a reduction in
birth weight.
The present study showed that maternal consumption of ≥20 g

alcohol/week and ≥100 g alcohol/week in the second/third
trimester might decrease the birth length and birth head
circumference, respectively. A small birth head circumference
has been strongly associated with low cognitive ability in
adolescents29. A small birth head circumference may reflect the
correlation between maternal alcohol consumption and impaired
cognitive ability in the offspring30.
Mothers with heavy alcohol consumption habits but not low-to-

moderate consumption habits during the first, second, and third
trimesters had a higher risk of SGA infants than non-alcohol

Table 3. Comparison between SGA and non-SGA status among infants (n= 95,761).

Parameters SGA (n= 4,650) Non-SGA (n= 91,111) p value

n (%) n (%)

Maternal age ≥35 years (Yes) 1,258 (27.1) 24,479 (26.9) 0.787

Maternal education up to high school (Yes) 1,743 (38.4) 32,320 (36.3) 0.003

Family income <4 million Japanese yen (Yes) 1,741 (41.2) 33,445 (40.2) 0.182

Maternal pre-pregnancy BMI < 18.5 1,144 (24.6) 14,332 (15.7) <0.001

Maternal pre-pregnancy BMI 18.5-25.0 3,161 (68.0) 66,922 (73.5)

Maternal pre-pregnancy BMI ≥ 25.0 344 (7.4) 9,794 (10.8)

Hard work in the first trimester (Yes) 703 (15.5) 12,425 (14.0) 0.005

Active smoking in the first trimester (Yes) 988 (21.7) 15,888 (17.8) <0.001

Active smoking in the second/third trimester (Yes) 383 (8.4) 3,904 (4.4) <0.001

Maternal passive smoking in the second/third trimester (Yes) 2,807 (61.5) 54,072 (60.5) 0.145

Psychological problems in the second/third trimester (Yes) 3,621 (79.5) 69,558 (77.9) 0.010

Mild hypertensive disorders of pregnancy (Yes) 217 (4.7) 1,918 (2.1) <0.001

Sever hypertensive disorders of pregnancy (Yes) 138 (3.0) 641 (0.7) <0.001

Any hypertensive disorders of pregnancy (Yes) 338 (7.3) 2,469 (2.7) <0.001

Alcohol drinkers in the first trimester 451 (9.9) 8,924 (10.0) 0.837

Alcohol drinkers in the second/third trimester 165 (3.6) 2,477 (2.8) 0.001

Male infant 2,835 (51.3) 46,643 (51.2) 0.904

Mean ± SD Mean ± SD

Alcohol consumption frequency in the first trimester (per week) 0.241 ± 1.086 0.215 ± 0.977 0.126

Alcohol consumption dose per occasion in the first trimester (g) 2.071 ± 18.500 1.824 ± 11.380 0.373

Alcohol consumption dose per week in the first trimester (g) 7.995 ± 117.324 4.882 ± 48.583 0.074

Alcohol consumption frequency in the second/third trimester (per week) 0.040 ± 0.401 0.026 ± 0.298 0.019

Alcohol consumption dose per occasion in the second/third trimester (g) 0.771 ± 6.364 0.502 ± 4.842 0.005

Alcohol consumption dose per week in the second/third trimester (g) 1.451 ± 29.847 0.701 ± 14.916 0.095

Chi-square test, independent t-test.
SGA small-for-gestational-age, SD standard deviation, BMI body mass index.
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drinkers17,31. In this study, we observed that maternal alcohol
consumption in the second/third but not the first trimester
decreased the Z-score for birth weight, birth length, and birth
head circumference. The increased risk of SGA reported in

previous studies might not be due to the timing but the great
quantity of alcohol consumed.
Infants with SGA often overlap with those born

prematurely32,33. Mothers who consumed alcohol above low

Table 4. Association between maternal alcohol consumption dose (10 g) per week in the second/third trimester and Z (standard deviation; SD) score
or Z-score <−1.5 for birth outcome.

Outcomea Alcohol consumption during pregnancy β (95% CI)b p value

Z (SD)-score for birth weight Non-alcohol drinkers 0.000 (reference)

Per alcohol consumption of 10 g/week −0.005 (−0.009, −0.001) 0.021

Z (SD)-score for birth length Non-alcohol drinkers 0.000 (reference)

Per alcohol consumption of 10 g/week −0.006 (−0.010, −0.002) 0.008

Z (SD)-score for birth head circumference Non-alcohol drinkers 0.000 (reference)

Per alcohol consumption of 10 g/week −0.005 (−0.009, −0.001) 0.026

Outcomec Alcohol consumption during pregnancy OR (95% CI)d p value

Z (SD) score for birth weight <−1.5 (SGA) (n= 4,566) Non-alcohol drinkers 1.000 (reference)

Per alcohol consumption of 10 g/week 1.008 (0.996, 1.021) 0.189

Z (SD) score for birth length <−1.5 (n= 4,019) Non-alcohol drinkers 1.000 (reference)

Per alcohol consumption of 10 g/week 1.012 (1.000, 1.024) 0.051

Z (SD) score for birth head circumference <−1.5 (n= 5,304) Non-alcohol drinkers 1.000 (reference)

Per alcohol consumption of 10 g/week 1.015 (1.004, 1.026) 0.009

a Multiple linear regression models were adjusted for maternal age (≥35/<35 years), education level (≤high school/>high school), annual household income
(<4/≥4 million Japanese yen), pre-pregnancy body mass index (BMI) < 18.5 kg/m2 (yes/no), pre-pregnancy BMI ≥ 25 kg/m2 (yes/no), hard work in the first
trimester (yes/no), maternal active and passive smoking in the second/third trimester (yes/no), and psychological problems in the second/third trimester
(yes/no) and mild or severe hypertensive disorders of pregnancy (yes/no).

b β (95% CI) represents the change (95% confidence interval) in Z (SD) score per alcohol consumption of 10 g/week.
c Logistic regression models are adjusted for maternal age (≥35/<35 years), education level (<high school/≥high school), annual household income (<4/≥4
million Japanese yen), pre-pregnancy BMI < 18.5 kg/m2 (yes/no), pre-pregnancy BMI ≥ 25 kg/m2 (yes/no), hard work in the first trimester (yes/no), maternal
active and passive smoking in the second/third trimester (yes/no), psychological problems in the second/third trimester (yes/no), and mild or severe
hypertensive disorders of pregnancy (yes/no).

d OR (95% CI) represents the odds ratio (95% confidence interval) per alcohol consumption of 10 g/week.

Table 5. Association between alcohol consumption ≥ threshold level in second/third trimester and no alcohol consumption for birth outcome.

Outcome Dose of alcohol consumption (g/week) n Z (SD) scorea p valueb

Birth weight No alcohol consumption (non-alcohol drinkers) (reference) 90,799 0.072 ± 0.965 (–)

≥5 1,470 0.141 ± 0.960 0.022

≥10 929 −0.008 ± 0.981 0.011

≥20 540 −0.039 ± 0.999 0.007

≥50 278 −0.096 ± 1.049 0.004

≥100 133 −0.215 ± 1.045 0.001

Birth length No alcohol consumption (non-alcohol drinkers) (reference) 90,604 0.751 ± 0.977 (–)

≥5 1,467 0.044 ± 0.995 0.228

≥10 927 0.035 ± 1.009 0.213

≥20 538 −0.045 ± 1.021 0.005

≥50 277 −0.161 ± 1.062 <0.001

≥100 132 −0.278 ± 1.055 <0.001

Birth head circumference No alcohol consumption (non-alcohol drinkers) (reference) 90,448 −0.004 ± 1.013 (−)

≥5 1,463 0.010 ± 0.980 0.596

≥10 924 −0.018 ± 0.967 0.694

≥20 535 −0.045 ± 0.997 0.357

≥50 276 −0.087 ± 1.040 0.179

≥100 131 −0.235 ± 1.049 0.009

aMean ± standard deviation.
bP value for the independent t-test between applicable category of dose of alcohol consumption intake and no consumption category (reference).
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levels during the first trimester but abstained in the second and
third trimesters had a 1.8-fold increased risk of preterm birth
compared to pregnant women who did not consume alcohol
during the first trimester34. In a previous study conducted using
the JECS data, a J-shaped association was observed between
alcohol consumption in the second and third trimesters and risk
of preterm birth while there was no association in the first
trimester18.
The mechanism of the association between alcohol consump-

tion and the high risk of SGA is unknown. Oxidative stress and
DNA damage are mechanisms of underlying fetal alcohol
spectrum disorders35. Alcohol and/or acetaldehyde might directly
affect fetal growth or indirectly suppress fetal growth via placental
dysfunction.
This study had some strengths. First, this prospective birth

cohort study had a large sample size of 95,761 participants.
Second, the relatively homogeneous cohort of participants
comprised pregnant Japanese women who were exposed to
alcohol, allowing for a heterogeneous and broad distribution of
alcohol consumption in a relatively large sample.
However, this study also has several limitations. First, alcohol

consumption in pregnancy assessed using the FFQ might result in
an underestimation of consumption levels since they were self-
administered by the pregnant women. People who describe
themselves as less frequent drinkers tend to under-report their
drinking frequency substantially36. We relied on maternal recall of
alcohol consumption. These may have resulted in biased
estimates. Second, potential genetic, placental, physiologic, and
nutritional factors may all affect both exposure and outcomes. Not
many potential covariates were collected or assessed for the
variation with fetal growth during the entire pregnancy; these
factors could be confounders.
Although SGA infants who do not catch up their growth have a

risk of short stature, those who catch up their growth early have
an increased risk of obesity37. However, it is unknown whether
SGA children born to mothers who drink alcohol during
pregnancy catch up their growth and become obese during
childhood. Future studies involving this birth cohort will assess the
associations between SGA children born to mothers with low-to-
moderate levels of alcohol consumption during pregnancy and
catch-up growth trajectory after birth or increased risk of
childhood obesity.

CONCLUSIONS
We found that low-to-moderate alcohol consumption during
pregnancy lowers birth weight, birth length, and birth head
circumference among Japanese women. In addition, alcohol
consumption during pregnancy affects the risk of Z-score for
head circumference <−1.5 SD. Due to insufficient adjustment for
potential confounding factors, the generalizability of these
findings is limited. Public health policies for pregnant women
should encourage no alcohol consumption throughout pregnancy
due to the increased risk of adverse health effects with low-to-
moderate alcohol consumption during pregnancy.
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