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1 | INTRODUCTION

According to the World Health Organization, approximately 50% of
all congenital anomalies (CAs) cannot be associated with a specific
cause, but smoking tobacco during pregnancy is a possible risk factor
for CAs and should be avoided by pregnant women.?
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Abstract

We investigated the relationship between maternal smoking history and congenital
anomalies in children. Drawing on data from the Japan Environment and Children's
Study collected between January 2011 and March 2014, the smoking habits of preg-
nant women were categorized as “never smoked,” “quit before pregnancy, “quit after
pregnancy,” and “full smoking.” Of the 91 626 participants examined, a total of 2199
(2.4%) infants were born with any congenital anomalies. Logistic regression analysis
was used to determine the odds ratio for congenital anomalies in each group based
on maternal smoking history. No significant difference was seen between the full-
smoking and never smoked groups in the odds ratios for congenital anomalies of the
nervous system; the eyes, ears, face, and neck; the cardiovascular system; or the
musculoskeletal system. However, in the full-smoking group, the odds ratios for tri-
somy (adjusted odds ratio, 2.14; 95% confidence interval, 1.15-3.97) and any congen-
ital anomalies (adjusted odds ratio, 1.35; 95% confidence interval, 1.09-1.67) were
significantly higher compared with the never smoked group. Our results indicate that
continuing to smoke during pregnancy is associated with increased risk of trisomy

and any congenital anomalies in the general Japanese population.

KEYWORDS
birth cohort, birth defects, congenital malformation, tobacco smoke, trisomy

Of the main components of tobacco smoke, nicotine has been identi-
fied as a nervous system teratogen? and carbon monoxide has been indi-
cated as a possible teratogen.® Tobacco smoke contains over 7000
chemical compounds, hundreds of which have harmful effects in humans.#
Therefore, it is important to investigate possible associations between
CAs and smoking and/or exposure to tobacco smoke during pregnancy.

According to a meta-analysis® of observational studies conducted
between 1959 and 2010, high-incidence CAs correlated with maternal
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smoking during pregnancy include congenital heart defects, musculo-
skeletal system abnormalities, amyelia, hyperdactyly, hypodactyly,
clubfoot, craniosynostosis, facial abnormalities, ocular abnormalities,
cleft face, lip, and palate, gastrointestinal abnormalities, gastroschisis,
anal atresia, hernias, and cryptorchidism. Other meta-analyses investi-
gating the association between maternal smoking during pregnancy
and CAs found a statistically significant association between maternal
smoking and elevated risks for specific CAs, including cleft lip,%” con-
genital heart defects,®? cryptorchidism,'© and neural tube defects.!!
Still other meta-analyses investigating the association between CAs
and maternal exposure to second-hand smoke during pregnancy
found elevated risks of cleft lip'? and neural tube defects.*® However,
other meta-analyses examining a possible association between mater-
nal smoking during pregnancy and Down syndrome found no appar-
ent association.*

In a Danish register-based birth cohort study of 838 265 single-
ton liveborn babies, there was a significantly higher rate of CAs,
including oral clefts and respiratory and cardiovascular abnormali-
ties, in children born to women who had smoked during preg-
nancy.?®> Moreover, among 1413 811 infants registered with the
Swedish Health Registries, there were significantly higher rates of
“any malformations” among children born to women who had
smoked during pregnancy.'® However, no large-scale birth cohort
study investigating the association between CAs and maternal

104,102 records in the data set
Jecs-ag-20160424
jecs-ag-20160424-spl

smoking during pregnancy has been conducted in Japan or else-
where in Asia. In 2012, the average smoking rate among Japanese
women in their 20s and 30s was 12.3% and 11.9%, respectively.l”
These are relatively high rates of smoking among women of repro-
ductive age in Japan.

In this study, we examined data of approximately 100 000
pregnant women who participated in the Japan Environment and Chil-
dren's Study (JECS), a nationwide birth cohort study, to investigate
the associations between CAs in infants and maternal smoking behav-

ior in the early stages of pregnancy.

2 | MATERIALS AND METHODS

21 | Study design

The JECS is a birth cohort study (conducted principally by the Japa-
nese Ministry of the Environment) investigating associations between
environmental factors and childhood health and development.
Recruitment for the study was carried out at 15 regional centers in
Japan from 2011 to 2014. Participant recruitment involved a face-to-
face explanation of the survey to pregnant women, after which self-
administered informed consent was obtained. Further details of the

JECS study design have been reported elsewhere.*®*?

| 29 excluded

| Reason: withdrawal of participation

5,687 excluded

Reason: duplicate participation

\ 4

1,910 excluded

v Reason: multiple pregnancy

96,476 mothers with singleton
pregnancy

Reason: medical

2,208 excluded

collected at birth or one month of age

records were not

2,642 excluded

Reason: missing answers for smoking
status during early pregnancy

91,626 subjects were analyzed
(46,893 boys were analyzed for
the congenital anomalies 1n
genital organs)

FIGURE 1 Flow diagram of the
enrollment and exclusion process in this
study
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The present study analyzed data from the “jecs-ag-2016042” and
“allbirth_revice001_ver001” datasets, both of which include data of
104 102 fetuses and their mothers. The final analysis included data on
91 626 participants after excluding those with missing data about
smoking during the early stages of pregnancy, those who withdrew
consent, those with multiple consents for multiplicate participation
(after the second instance), those with multiple births, and those with
missing data in transcripts of medical records at birth and at the
1-month follow-up (Figure 1).

The JECS protocol was reviewed and approved by the Ministry of
the Environment’s Institutional Review Board on Epidemiological
Studies and the Ethics Committees of all participating institutions.

2.1.1 | Questionnaires about Exposure to
Tobacco Smoke

Self-administered questionnaires about smoking habits were distrib-
uted to and collected from participants by the study's research staff
during early pregnancy. Smoking habits were categorized into four
possible responses as follows: “never smoked,” “quit before preg-
nancy” (QBP), “quit after pregnancy” (QAP), and “full smoking.” Par-
ticipants with a smoking history were asked about the age they
started smoking and the approximate number of cigarettes
they smoked per day on average, and those who had quit were asked
when they quit. Based on these answers, the number of years of
smoking and the pack-years were calculated.

The questionnaire included the following item on the frequency
of tobacco smoke exposure before pregnancy: “Before the present
pregnancy, how many times per week did you encounter tobacco
smoke from others, either within buildings outside the home, in the
home, or at the workplace?” Other items covered the smoking behav-
ior of the child's father, the number of smokers in the family, and the

number of smokers around the mothers during the daytime.

2.1.2 | Main outcomes
Using hospital chart histories recorded during childbirth and at 1-month
follow-up examinations, categorical data on 61 types of CAs were
recorded in the questionnaires.?® We selected the following 31 ailments
that were easily identified at birth and necessitated clinical responses:
anencephaly, encephalocele, hydrocephaly, holoprosencephaly, spina
bifida, ablepharon, anophthalmos, congenital cataract, facial cleft, cleft
palate, cleft lip, cleft lip and palate, esophageal atresia, intestinal atresia,
duodenal atresia, anorectal atresia, cryptorchidism, hypospadias, poly-
dactyly of fingers or toes, syndactyly of fingers or toes, cleft hand, cleft
foot, diaphragmatic hernia, omphalocele, gastroschisis, trisomy 13, tri-
somy 18, and Down syndrome.

Data on outcomes were collected on two occasions: at birth and dur-
ing the 1-month follow-up examination. In the event of a contradiction
between the two time points, a CA was accepted as being present if the

CA was indicated at either time point, except in the case of omphalocele.

Omphalocele at the 1-month follow-up occurred 10 times more than
expected. This might have resulted from the fact that the Japanese word
for “omphalocele” is often confused with that for “umbilical hernia.”
Therefore, we included omphalocele only when it was detected at birth.
We determined the odds ratio (OR) to investigate the association of CA
with smoking by using the main CA groups from the ICD-10 classification
system. Of the genital organ CAs, cryptorchidism and hypospadias can
occur in only male children, so the analysis of these conditions was per-
formed for the 46 893 male children included in the study.

In addition, among the anomalies for which information was col-
lected by the Japan Association of Obstetricians and Gynecologists
(JAOG) survey, anomalies observed in more than 50 cases in this
study were analyzed separately without grouping (Table 1). Although
each disease included in the congenital heart disease category is a
common congenital abnormality (eg, atrial septal defect, ventricular
septal defect), we could not analyze individual diseases because the
items on the transcription sheet in this study were for “congenital
heart disease,” and were not listed by their individual disease names.
The individual diseases analyzed in this study are as follows: hydro-
cephaly, cleft palate, cleft lip, cleft lip and palate, cryptorchidism,
hypospadias, polydactyly of fingers, polydactyly of toes, syndactyly of
toes, and Down syndrome.

2.1.3 | Statistical Analysis

Maternal age at delivery was categorized as <25, 25-29, 30-34,
35-39, and 240 years. Body mass index (BMI) before pregnancy was
categorized as <18.5 kg/m?, 218.5 to <25 kg/m?, and 225 kg/m?.
Marital status was classified as “married” or, in the case of unmarried,
divorced, or widowed mothers, “single.” Education history was cate-
gorized as <13 years, 13-14 years, and 215 years. Yearly income was
<¥4 000 000, =2¥4000000 to <¥6 000 000,

and = ¥6 000 000. Alcohol intake was categorized as “never drank,”

categorized as

“quit before pregnancy,” and “full drinking.” Based on the charts, we
recorded “yes” for spontaneous pregnancy,” “no” for “induction of
ovulation,” and “artificial insemination by husband” for “in vitro

» »

fertilization,” “micro-fertilization,” “embryo transplantation,” “frozen
embryo transplantation,” and “blastocyst implantation.” Folic acid
intake was categorized as “yes” if the participant answered “once a
month or more” on the early pregnancy questionnaire, and the
response “don't take it” was categorized as “no.”

To identify the association between CAs and maternal smoking,
we performed a logistic regression analysis and determined the
95% confidence intervals (Cl). In the multivariable logistic regres-
sion analysis, we adjusted for maternal age at delivery, pre-partum
body mass index, history of diabetes mellitus, marital status, educa-
tion history, annual household income, in vitro fertilization or artifi-
cial insemination, alcohol intake, frequency of tobacco smoke
exposure, folic acid intake, antihypertensive intake, anti-convulsant
intake, and retinoic acid intake during early pregnancy. All statisti-
cal analyses were performed using SAS version 9.4 software

(SAS Institute Inc., Cary, NC).
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TABLE 1 Congenital anomalies according to maternal smoking history

per 10 000 Never Quit before Quit after Full
ICD10 Code Total pregnancies smoked pregnancy pregnancy smoking
Nervous system (Q00-07) 173 (18.9) 100 43 18 12
Q00 Anencephaly 24 (2.6) 17 4 2 1
Qo1 Encephalocele 19 (2.1) 11 4 2 2
Q03 Hydrocephaly 81 (8.8) 44 19 10 8
Q04.2 Holoprosencephaly 33 (3.6) 21 8 3 1
Q05 Spina bifida 32 (3.5) 15 11 4 2
Eyes, ears, face, and neck (Q10-18) 63 (6.9) 38 13 8 4
Q10 Ablepharon 13 (1.4) 7 3 3 0
Q11 Anophthalmos 22 (2.4) 12 3 1
Q12.0 Congenital cataract 25 (2.7) 16 3 2
Q18.8 Facial cleft 8 (0.9) 6 1 1
Cardiovascular system (Q20-28) 1058 (115.5) 616 239 139 64
Oral clefts (Q35-37) 229 (25.0) 128 58 33 10
Q35 Cleft palate Gill (5.6) 34 11 5 1
Q36 Cleft lip 74 (8.1) 38 20 10 6
Q37 Cleft lip and palate 116 (12.7) 63 28 21 4
Digestive system (Q38-45) 91 (9.9) 55 31 2 3
Q39.0 Esophageal atresia 21 (2.3) 9 10 1 1
Q41 Intestinal atresia 16 (1.7) 9 7 0 0
Q41.0 Duodenal atresia 17 (1.9) 11 5 0 1
Q42.0 Anorectal atresia 44 (4.8) 31 11 1 1
Genital organs (Q50-56) 328 (69.9) 190 79 38 21
Q53 Cryptorchidism 279 (59.5) 161 68 32 18
Q54 Hypospadias 58 (12.4) 33 15 7 3
Musculoskeletal system (Q65-79) 332 (36.2) 185 86 38 23
Q69 Polydactyly of fingers 105 (11.5) 57 27 12 9
Q69 Polydactyly of toes 83 (9.1) 46 21 12 4
Q70 Syndactyly of fingers 43 (4.7) 20 16 3 4
Q70 Syndactyly of toes 90 (9.8) 53 22 9 6
Q71.6 Cleft hand 5 (0.5) 4 1 0 0
Q72.7 Cleft foot 7 (0.8) 1 0 0
Q79.0 Diaphragmatic hernia 40 (4.4) 25 10 3 2
Q79.2 Omphalocele® 35 (3.8) 19 9 4 3
Q79.3 Gastroschisis 14 (1.5) 6 5 2 1
Trisomy (Q90-91) 182 (19.9) 110 40 14 18
Q90 Down syndrome 139 (15.2) 85 30 11 13
Q91.0 Trisomy 18 38 (4.1) 21 8 4 5
Q91.4 Trisomy 13 7 (0.8) 5 2 0 0
Any congenital anomalies 2199 (240.0) 1263 526 273 137
Al figures are counted from medical records at birth only.
3 | RESULTS Table 1 shows the number and frequency of CAs per 10 000

births according to maternal smoking behaviors during pregnancy.
Of the 91 626 participants included in our analysis, 2199 (2.4%) had The most common CAs were cardiovascular anomalies, with 1058
CAs (any CAs). cases (115.5 CAs per 10 000 births) recorded. Other CAs included
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TABLE 2 Characteristics according to congenital anomalies (N = 91 626)

Never smoked Quit before pregnany Quit after pregnancy Full smoking
53 356 58.2% 21 406 23.4% 12 437 13.6% m
n % n % n % n %
Age at delivery (years)
<25 4298 8.1 1468 6.9 2398 19.3 828 18.7
25-29 14 556 27.3 5251 245 4088 32.9 1253 28.3
30-34 19 392 364 8018 37.5 3666 29.5 1291 29.2
35-39 12 476 234 5541 259 1953 15.7 863 19.5
240 2632 4.9 1124 53 331 2.7 192 4.3
Mean (SD) 315 4.9 31.9 4.8 294 5.3 30.0 5.6
Body mass index
<18.5 8757 16.4 3048 14.3 2217 17.8 820 185
18.5-<25 39 590 74.2 15 858 74.1 8629 69.4 2913 65.9
225 4991 9.4 2490 11.6 1584 12.7 690 15.6
Diabetes mellitus history
Yes 413 0.8 235 11 108 0.9 50 11
Marital status
Married 51570 97.0 20 678 96.9 11 085 89.8 3738 85.8
Single 1619 3.0 661 3.1 1259 10.2 619 14.2
Education history (years)
<13 13707 26.2 8464 404 7037 58.1 3109 732
13-14 23338 44.6 9208 44.0 4213 34.8 1007 23.7
215 15291 29.2 3257 15.6 866 7.2 131 3.1
Annual household income (yen)
<4 million 16 903 344 8253 41.9 5994 54.4 2385 61.7
4-<6 million 16 785 34.2 6698 34.0 3208 29.1 979 25.3
26 million 15463 31.5 4727 24.0 1813 16.5 500 12.9
In vitro fertilization or artificial insemination
Yes 4100 7.7 1584 7.4 345 2.8 63 14
Alcohol intake
Never drank 21 915 41.2 5319 24.9 3163 25.6 1063 24.2
Quit before pregnancy 25930 48.8 13352 62.6 8423 68.1 2850 64.8
Full drinking 5289 10.0 2656 12.5 789 6.4 485 11.0
Frequency of tobacco smoke exposure
Never 31 644 59.5 10 613 49.7 2371 19.2 395 9.0
1 day a week 7151 13.5 2899 13.6 1011 8.2 179 4.1
2-3 days a week 5615 10.6 2683 12.6 1593 12.9 461 10.5
4-6 days a week 3732 7.0 1816 8.5 1703 13.8 519 11.8
Everyday 5012 9.4 3324 15.6 5699 46.1 2842 64.7

Folic acid intake

Yes 27 245 51.2 10 858 50.9 5383 434 1463 33.2
Antihypertensive intake

Yes 265 0.5 123 0.6 69 0.6 30 0.7
Anti-convulsant intake

Yes 179 0.3 89 0.4 71 0.6 32 0.7
Retinoic acid intake

Yes 142 0.3 60 0.3 30 0.2 6 0.1
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Crude Adjusted®

ICD-10 code n (%) OR (95% Cl) OR?® (95% Cl)
Nervous system (Q00-07)

Never smoked 100 (0.19) Reference Reference

Quit before pregnancy 43 (0.20) 1.07 (0.75, 1.53) 1.06 (0.70, 1.61)

Quit after pregnancy 18 (0.14) 0.77 (0.47, 1.28) 0.76 (0.40, 1.43)

Full smoking 12(0.27) 1.45(0.80, 2.64) 1.42 (0.66, 3.07)
Eye, ear, face, and neck (Q10-18)

Never smoked 38 (0.07) Reference Reference

Quit before pregnancy 13 (0.06) 0.85 (0.45, 1.60) 0.96 (0.49, 1.89)

Quit after pregnancy 8(0.06) 0.90(0.42, 1.94) 1.06 (0.45, 2.51)

Full smoking® 4(0.09) - -
Cardiovascular system (Q20-28)

Never smoked 616 (1.15) Reference Reference

Quit before pregnancy 239 (1.12) 0.97(0.83,1.12) 1.00 (0.85, 1.17)

Quit after pregnancy 139 (1.12) 0.97(0.80, 1.16) 0.98 (0.79, 1.22)

Full smoking 64 (1.45) 1.26 (0.97, 1.63) 1.34(0.99, 1.82)
Oral clefts (Q35-37)

Never smoked 128 (0.24) Reference Reference

Quit before pregnancy 58 (0.27) 1.13 (0.83, 1.54) 1.16 (0.82, 1.64)

Quit after pregnancy 33(0.27) 1.11 (0.76, 1.62) 1.17 (0.74, 1.85)

Full smoking 10(0.23) 0.94 (0.49, 1.79) 1.17 (0.58, 2.38)
Digestive system (Q38-45)

Never smoked 55(0.10) Reference Reference

Quit before pregnancy 31(0.14) 1.41(0.91, 2.18) 1.58 (0.98, 2.55)

Quit after pregnancy® 2(0.02) - -

Full smoking® 3(0.07) - -
Genital organs (Q50-56)°

Never smoked 190 (0.70) Reference Reference

Quit before pregnancy 79 (0.72) 1.04 (0.80, 1.35) 0.99 (0.74, 1.32)

Quit after pregnancy 38 (0.60) 0.86 (0.61, 1.22) 0.80(0.53, 1.22)

Full smoking 21(0.92) 1.33(0.84, 2.08) 1.22(0.71, 2.11)
Musculoskeletal system (Q65-79)

Never smoked 185 (0.35) Reference Reference

Quit before pregnancy 86 (0.40) 1.16 (0.90, 1.50) 1.18 (0.89, 1.57)

Quit after pregnancy 38(0.31) 0.88 (0.62, 1.25) 0.93(0.62, 1.41)

Full smoking 23(0.52) 1.50(0.97, 2.32) 1.40(0.81, 2.43)
Trisomy (Q90-91)

Never smoked 110(0.21) Reference Reference

Quit before pregnancy 40 (0.19) 0.91 (0.63, 1.30) 0.75(0.49, 1.15)

Quit after pregnancy 14 (0.11) 0.55(0.31, 0.95) 0.55(0.28, 1.10)

Full smoking 18 (0.41) 1.98 (1.20, 3.26) 2.14 (1.15, 3.97)
Any congenital anomalies

Never smoked 1263 (2.37) Reference Reference

Quit before pregnancy 526 (2.46) 1.04 (0.94, 1.15) 1.06 (0.95, 1.19)

Quit after pregnancy 273 (2.20) 0.93(0.81, 1.06) 0.92 (0.79, 1.08)

Full smoking 137 (3.09) 1.32(1.10, 1.58) 1.35(1.09, 1.67)

Abbreviations: Cl, confidence interval; OR, odds ratio.

2Adjusted for maternal age at delivery, body mass index, history of diabetes mellitus, marital status, education history,
annual household income, in vitro fertilization or artificial insemination, alcohol intake, frequency of tobacco smoke
exposure, folic acid intake, antihypertensive intake, anti-convulsant intake, and retinoic acid intake.

bWe did not calculate the odds ratio because a number of cases were too small (<5 cases).

“Only boys were analyzed (n = 46 893).

TABLE 3 Association between
maternal smoking history and congenital

anomaly group
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TABLE 4 Association between maternal smoking history and
frequent congenital anomalies in this study

Anomalies
Hydrocephaly
Never smoked

Quit before
pregnancy

Quit after
pregnancy

Full smoking

Cleft palate
Never smoked

Quit before
pregnancy

Quit after
pregnancy

Full smoking®
Cleft lip
Never smoked

Quit before
pregnancy

Quit after
pregnancy

Full smoking

Cleft lip and palate
Never smoked

Quit before
pregnancy

Quit after
pregnancy

Full smoking®
Cryptorchidism®

Never smoked

Quit before
pregnancy

Quit after
pregnancy

Full smoking

Hypospadias®
Never smoked

Quit before
pregnancy

Quit after
pregnancy

Full smoking®

Polydactyly of fingers

Never smoked

n (%)

44(0.08)
19(0.09)

10(0.08)

8(0.18)

34 (0.06)
11 (0.05)

5(0.04)

1(0.02)

38(0.07)
20 (0.09)

10 (0.08)

6(0.14)

63(0.12)
28 (0.13)

21(0.17)

4(0.09)

161
(0.59)

68 (0.62)

32(0.51)

18(0.79)

33(0.12)
15 (0.14)

7(0.11)

3(0.13)

57 (0.11)

Crude
OR (95% Cl)

Reference

1.08 (0.63,
1.84)

0.98(0.49,
1.94)

2.19 (1.03,
4.66)

Reference

0.81 (0.41,
1.59)

0.63 (0.25,
1.61)

Reference

1.31(0.76,
2.26)

1.13(0.56,
2.27)

1.90(0.81,
4.51)

Reference

1.11(0.71,
1.73)

1.43(0.87,
2.35)

Reference

1.05 (0.79,
1.40)

0.86 (0.59,
1.2¢)

1.34(0.82,
2.19)

Reference

1.13(0.62,
2.09)

0.92 (0.41,
2.07)

Reference

Adjusted?®
OR?® (95% Cl)

Reference

1.22(0.67,
2.22)

1.13(0.49,
2.62)

2.55(0.95,
6.86)

Reference

0.92 (0.45,
1.88)

0.88(0.31,
2.50)

Reference

1.25(0.66,
2.37)

1.18 (0.50,
2.80)

2.40(0.87,
6.59)

Reference

1.14 (0.70,
1.86)

1.32(0.72,
2.42)

Reference

0.98(0.72,
1.33)

0.80(0.51,
1.25)

1.14(0.63,
2.08)

Reference

1.27 (0.65,
2.47)

0.91(0.32,
2.57)

Reference

(Continues)

TABLE 4 (Continued)
Crude Adjusted®
Anomalies n (%) OR (95% Cl) OR? (95% Cl)
Quit before 27(0.13) 1.18(0.75, 1.07 (0.64,
pregnancy 1.87) 1.79)
Quit after 12(0.10)  0.90(0.49, 0.88 (0.43,
pregnancy 1.68) 1.79)
Full smoking 9 (0.20) 1.91(0.94, 1.58 (0.66,
3.85) 3.80)
Polydactyly of toes
Never smoked 46 (0.09) Reference Reference
Quit before 21(0.10) 1.14(0.68, 1.25(0.73,
pregnancy 1.91) 2.14)
Quit after 12 (0.10) 1.12(0.59, 1.17 (0.55,
pregnancy 2.11) 2.49)
Full smoking® 4(009) - -
Syndactyly of toes
Never smoked 53(0.10) Reference Reference
Quit before 22(0.10) 1.04(0.63, 1.14 (0.66,
pregnancy 1.71) 1.97)
Quit after 9 (0.07) 0.73 (0.36, 0.76 (0.32,
pregnancy 1.48) 1.78)
Full smoking 6(0.14) 1.37 (0.59, 1.30 (0.43,
3.18) 3.96)
Down syndrome
Never smoked 85(0.16) Reference Reference
Quit before 30(0.14) 0.88(0.58, 0.75 (0.46,
pregnancy 1.33) 1.23)
Quit after 11(0.09) 0.56 (0.30, 0.58 (0.27,
pregnancy 1.04) 1.26)
Full smoking 13(0.29) 1.85(1.03, 2.08 (1.01,
3.31) 4.25)

Abbreviations: Cl, confidence interval; OR, odds ratio.

2Adjusted for maternal age at delivery, body mass index, history of
diabetes mellitus, marital status, education history, annual household
income, in vitro fertilization or artificial insemination, alcohol intake,
frequency of tobacco smoke exposure, folic acid intake, antihypertensive
intake, anti-convulsant intake, and retinoic acid intake.

PWe did not calculate the odds ratio because the number of cases was too
small (<5 cases).

“Only boys were analyzed (n = 46 893).

328 genital organ CAs (69.9 per 10 000 male births), 332 musculoskel-
etal CAs (36.2 per 10 000 births), 229 oral clefts (25.0 per 10 000
births), 182 trisomy (19.9 per 10 000 births), 173 CAs related to the
nervous system (18.9 per 10 000 births), and < 100 CAs related to
the digestive system and the eyes, ears, face, and neck (9.9 and 6.9
per 10 000 births, respectively).

Categorized by smoking habit, “full smoking” was associated with
indices of lower socioeconomic status (eg, BMI, marital status, educa-
tion history, and annual household income) compared with the other

groups (Table 2).
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Table 3 shows the ORs from the logistic regression analysis of
each smoking category (using “never smoked” as the reference) for
the eight main CA groups as well as the “any CAs” category. Com-
pared with never-smokers, the OR was significantly elevated in the
full-smoking group for trisomy (adjusted OR, 2.14; 95% Cl, 1.15-3.97)
and “any CAs” (adjusted OR, 1.35; 95% Cl, 1.09-1.67). No significant
elevation was found in the QBP, QAP, or full-smoking groups for CAs
related to the nervous system; eyes, ears, face, and neck; cardiovascu-
lar system; oral clefts; digestive system; genital organs; or musculo-
skeletal system.

Table 4 shows the ORs from the logistic regression analysis of
each smoking category for the 10 anomalies. Compared with never-
smokers, the OR in the full-smoking group was significantly elevated
for only Down syndrome (adjusted OR, 2.01; 95% Cl, 1.01-4.25).

4 | DISCUSSION

In this study, we showed that the risk of any CAs and trisomy was sig-
nificantly increased in the full-smoking during pregnancy group com-
pared with the never smoked group. We recruited pregnant women
who visited general obstetric clinics, which covered nearly 50% of all
births in the 15 different regions throughout Japan.*® Data on CAs
were collected by transcribing information from medical records at two
time points: at birth and at 1 month postpartum. We collected records
on abortion and stillborn infants as well as live infants.2° In addition, we
found that several indicators are similar to those of the 2013 National
Vital Statistics Survey,21 and we therefore believe that our results are
representative of the general population in Japan.*? To our knowledge,
the present study is the first to report on the association of maternal
smoking history and CA risk in a Japan-wide birth cohort.

On the other hand, except for trisomy, there were no significant
associations between the full-smoking group and CAs related to the
nervous system; eyes, ears, face, and neck; cardiovascular system; oral
clefts; genital organs; and the musculoskeletal system. For CAs of the
cardiovascular system, the OR was higher in the full-smoking group,
but not significantly (1.34; 95% Cl, 0.99-1.82). A systematic review that
analyzed 43 studies reported that smoking during pregnancy increases
the risk of congenital heart disease (CHD).? The association between
the effect of tobacco smoke exposure during pregnancy and CHD has
not been fully elucidated, but there are reports of genetic polymor-
phisms that increase the risk of CHD in children whose mothers were
exposed to tobacco smoke.??23 Although our results on CHD were not
statistically significant, we believe that maternal smoking increases the
risk of CHD. Half of the CAs assessed in this study were CHD, which
might have had a major impact on the overall results.

Given that many subcategories were included in the “any CAs”
category, these abnormalities might have occurred at various stages
of embryological development. In general, most CAs occur during
organ formation (between the 4th and 7th week of pregnancy).?*
Although some mothers notice their pregnancy during this early stage,
many do not; hence, it is uncertain why the findings could be so dif-

ferent for the QAP group (i.e., those who quit smoking only after

realizing they were pregnant). However, even after becoming preg-
nant, quitting smoking might be preventive against the occurrence of
CAs in fetuses. In two birth cohort studies, smoking during pregnancy
was found to increase the incidence of any CAs.*>* To trace associa-
tions between these previous studies and the present study, we
examined the risk of CAs in the combined QAP and full-smoking
groups as a single “smoking during conception” group, but found no
significant associations for any categories of anomalies (Table S1) or
frequent congenital anomalies (Table S2). This finding might indicate
the possibility of low tobacco exposure in the QAP group; indeed,
none of the CAs observed in the QAP group showed a significant
association. The frequency of maternal smoking during pregnancy in
the Danish register-based cohort study was 18.6%,*> which is nearly
the same as the rate of 18.4% in the combined QAP and full-smoking
groups in the JECS; however, in the Danish study, only 11.5% of
mothers who smoked quit during pregnancy compared with 73.7% in
the JECS. This also suggests that the QAP group in the JECS might
have been less dependent on tobacco; hence, the exposure might
have been weaker for the same reason. Therefore, it is not possible to
determine from our study whether quitting smoking after pregnancy
is preventive. We hope that this will be verified in future trials of
smoking cessation interventions for pregnant women.

For trisomy, our results showed increased risk in the full-smoking
group, but some previous studies have shown no significant associations

1415 or have shown low ORs for

between maternal smoking and trisomy
trisomy in children of smokers.?>2¢ Therefore, the results of the present
study need to be interpreted carefully. Trisomy zygotes are primarily a
result of maternal meiotic | errors, and the risk of oocyte aneuploidy
increases with age.2”?8 The mechanism that gives rise to oocyte aneu-
ploidy with aging has not yet been elucidated, but some of the molecular
pathways are becoming clearer and age-related degradation of cohesin
has been suggested as a possible mechanism.?’ Along with aging,
long-term exposure to tobacco smoke might be related to a molecular
mechanism such as degradation of cohesin in the full-smoking group. In
addition, compared with the other groups, the full-smoking group might
be more susceptible to oocyte degradation because they had more
tobacco smoke exposure as a result of their partner's or the other family
member's smoking habit (Table S3). Thus, further research is needed to
elucidate whether long-term exposure to tobacco smoke might be related
to oocyte degradation. However, we cannot deny the possibility of bias
induced by artificial abortion as a result of prenatal diagnosis of trisomy.
Compared with the full-smoking group, it seems that it is easier to
approach the non-smoking group in order to investigate trisomy-specific
abortions because the women in this group have higher income and
higher frequency of using assisted reproductive technologies (in vitro fer-
tilization and/or artificial insemination). Although our analysis included
cases of abortion, some women might have withdrawn from the study
after an abortion and their records would be unavailable for analysis.

In addition to the aforementioned limitation, there are some fur-
ther limitations in this study. First, the data we collected related to
smoking histories and quantity were self-reported and therefore could
not be analyzed as objective measures. In previous studies based on

cotinine concentrations detected in blood, some mothers who self-
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reported that they had

smoking.”%%3! In the present study, the never smoked and QBP

“never smoked” were evidently “full

groups might have included participants who gave false or mistaken
answers. Second, this study used the 31 ailments and abnormalities
defined by the JECS, and thus the analysis was conducted based on
these categories. The strength of this study is that it is based on a
nationwide survey conducted in Japan with a very high response
rate'® from the start of the study (during pregnancy) to the time of
delivery. Many responses related to smoking behaviors were
obtained. Multiple covariates (confounding factors) regarded as opti-
mal for analysis were available in the study, thereby enabling many
different effects to be considered and discarded.

5 | CONCLUSIONS

This study showed that children born to women who continue to
smoke during pregnancy have increased risk of trisomy and CAs. We
eagerly await further studies that will clarify the etiology and underly-

ing mechanisms that induce CAs due to maternal smoking.

ACKNOWLEDGMENTS

We are grateful to all the participants of the JECS and to all the indi-
viduals involved in data collection. The JECS was funded by the Minis-
try of the Environment, Japan. The findings and conclusions of this
article are solely the responsibility of the authors and do not represent

the official views of the above government agency.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ORCID
Akiko Tsuchida

Kei Hamazaki

https://orcid.org/0000-0003-1209-3104
https://orcid.org/0000-0003-0456-6805
https://orcid.org/0000-0002-8131-5682
https://orcid.org/0000-0002-3548-221X

Mika Kigawa
Hidekuni Inadera

REFERENCES

1. World Health Organization. Congenital anomalies. Fact Sheet 2020;
http://www.who.int/mediacentre/factsheets/fs370/en/.  Accessed
5 April 2021.

2. Dwyer JB, Broide RS, Leslie FM. Nicotine and brain development.
Birth Defects Res C Embryo Today. 2008;84(1):30-44.

3. Norman CA, Halton DM. Is carbon monoxide a workplace teratogen?
A review and evaluation of the literature. Ann Occup Hyg. 1990;34(4):
335-347.

4. Eriksen M, Mackay J, Schluger N, Islami F, Drope J. The tobacco atlas. In:
5th Atlanta: the American Cancer Society; 2015. Accessed 10 April 2021.

5. Hackshaw A, Rodeck C, Boniface S. Maternal smoking in pregnancy and
birth defects: a systematic review based on 173 687 malformed cases
and 11.7 million controls. Hum Reprod Update. 2011;17(5):589-604.

6. Wyszynski DF, Duffy DL, Beaty TH. Maternal cigarette smoking and oral
clefts: a meta-analysis. Cleft Palate Craniofac J. 1997;34(3):206-210.

7. Little J, Cardy A, Munger RG. Tobacco smoking and oral clefts: a
meta-analysis. Bull World Health Organ. 2004;82(3):213-218.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

Lee LJ, Lupo PJ. Maternal smoking during pregnancy and the risk of
congenital heart defects in offspring: a systematic review and
metaanalysis. Pediatr Cardiol. 2013;34(2):398-407.

Zhang D, Cui H, Zhang L, Huang Y, Zhu J, Li X. Is maternal smoking dur-
ing pregnancy associated with an increased risk of congenital heart
defects among offspring? A systematic review and meta-analysis of
observational studies. J Matern Fetal Neonatal Med. 2017;30(6):645-657.
Zhang L, Wang XH, Zheng XM, et al. Maternal gestational smoking,
diabetes, alcohol drinking, pre-pregnancy obesity and the risk of
cryptorchidism: a systematic review and meta-analysis of observa-
tional studies. PLoS One. 2015;10(3):e0119006.

Wang M, Wang ZP, Gong R, Zhao ZT. Maternal smoking during preg-
nancy and neural tube defects in offspring: a meta-analysis. Childs
Nerv Syst. 2014;30(1):83-89.

Sabbagh HJ, Hassan MH, Innes NP, Elkodary HM, Little J, Mossey PA.
Passive smoking in the etiology of non-syndromic orofacial clefts: a sys-
tematic review and meta-analysis. PLoS One. 2015;10(3):e0116963.
Wang M, Wang ZP, Zhang M, Zhao ZT. Maternal passive smoking
during pregnancy and neural tube defects in offspring: a meta-analy-
sis. Arch Gynecol Obstet. 2014;289(3):513-521.

Rudnicka AR, Wald NJ, Huttly W, Hackshaw AK. Influence of maternal
smoking on the birth prevalence of down syndrome and on second tri-
mester screening performance. Prenat Diagn. 2002;22(10):893-897.
Leite M, Albieri V, Kjaer SK, Jensen A. Maternal smoking in pregnancy
and risk for congenital malformations: results of a Danish register-
based cohort study. Acta Obstet Gynecol Scand. 2014;93(8):825-834.
Kallen K. Multiple malformations and maternal smoking. Paediatr Peri-
nat Epidemiol. 2000;14(3):227-233.

Ministry of Health, Labour and Welfare of Japan. Outline of the Sur-
vey National Health and Nutrition Survey Japan 2012. https://www.
nibiohn.go.jp/eiken/english/research/pdf/nhns2012.pdf.  Accessed
5 April 2021.

Kawamoto T, Nitta H, Murata K, et al. Rationale and study design of
the Japan environment and children's study (JECS). BMC Public
Health. 2014;14:25.

Michikawa T, Nitta H, Nakayama SF, et al. Baseline profile of partici-
pants in the Japan environment and Children's study (JECS).
J Epidemiol. 2018;28(2):99-104.

Mezawa H, Tomotaki A, Yamamoto-Hanada K, et al. Prevalence of
congenital anomalies in the Japan environment and Children's study.
J Epidemiol. 2019;29(7):247-256.

Ministry of Health, Labour and Welfare of Japan. Vital Statistics 2013.
https://www.mhlw.go.jp/toukei/list/81-1.html. Accessed 5 April 2021.
Hobbs CA, James SJ, Jernigan S, et al. Congenital heart defects, maternal
homocysteine, smoking, and the 677 C>T polymorphism in the
methylenetetrahydrofolate  reductase  gene: evaluating  gene-
environment interactions. Am J Obstet Gynecol. 2006;194(1):218-224.
Tang X, Hobbs CA, Cleves MA, Erickson SW, MacLeod SL, Malik S.
Genetic variation affects congenital heart defect susceptibility in off-
spring exposed to maternal tobacco use. Birth Defects Res A Clin Mol
Teratol. 2015;103(10):834-842.

The Japan Society of Obstetrics and Gynecology and Japan Associa-
tion of Obstetrician and Gynecologists. What if we inquired regarding
the effects on fetuses of medications administered while pregnant?
Obstetrics and Gynecology Clinical Practice Guidelines: Obstetrics. Tokyo:
The Japan Society of Obstetrics and Gynecology; 2014:62-63.

Shiono PH, Klebanoff MA, Berendes HW. Congenital malformations
and maternal smoking during pregnancy. Teratology. 1986;34(1):65-71.
Hook EB, Cross PK. Maternal cigarette smoking, down syndrome in
live births, and infant race. Am J Hum Genet. 1988;42(3):482-489.
Champion MD, Hawley RS. Playing for half the deck: the molecular
biology of meiosis. Nat Cell Biol. 2002;4(Suppl):s50-s56.

Hassold T, Hall H, Hunt P. The origin of human aneuploidy: where we
have been, where we are going. Hum Mol Genet. 2007;16(2):R203-R208.


https://orcid.org/0000-0003-1209-3104
https://orcid.org/0000-0003-1209-3104
https://orcid.org/0000-0003-0456-6805
https://orcid.org/0000-0003-0456-6805
https://orcid.org/0000-0002-8131-5682
https://orcid.org/0000-0002-8131-5682
https://orcid.org/0000-0002-3548-221X
https://orcid.org/0000-0002-3548-221X
http://www.who.int/mediacentre/factsheets/fs370/en/
https://www.nibiohn.go.jp/eiken/english/research/pdf/nhns2012.pdf
https://www.nibiohn.go.jp/eiken/english/research/pdf/nhns2012.pdf
https://www.mhlw.go.jp/toukei/list/81-1.html

@ e
T soceTy

TSUCHIDA ET AL

29. Kurahashi H, Tsutsumi M, Nishiyama S, Kogo H, Inagaki H, Ohye T.
Molecular basis of maternal age-related increase in oocyte aneu-
ploidy. Congenit Anom (Kyoto). 2012;52(1):8-15.

30. Pickett KE, Rathouz PJ, Kasza K, Wakschlag LS, Wright R. Self-
reported smoking, cotinine levels, and patterns of smoking in preg-
nancy. Paediatr Perinat Epidemiol. 2005;19(5):368-376.

31. Spencer K, Cowans NJ. Accuracy of self-reported smoking status in
first trimester aneuploidy screening. Prenat Diagn. 2013;33(3):245-250.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Tsuchida A, Hamazaki K, Kigawa M,
et al. Association between maternal smoking history and
congenital anomalies in children: Results from the Japan
Environment and Children's Study. Congenit Anom. 2021;61(5):
159-168. https://doi.org/10.1111/cga.12430

APPENDIX A.

Members of the JECS Group as of 2021: Michihiro Kamijima (principal
investigator, Nagoya City University, Nagoya, Japan), Shin Yamazaki
(National Institute for Environmental Studies, Tsukuba, Japan),
Yukihiro Ohya (National Center for Child Health and Development,
Tokyo, Japan), Reiko Kishi (Hokkaido University, Sapporo, Japan),
Nobuo Yaegashi (Tohoku University, Sendai, Japan), Koichi Hashimoto
(Fukushima Medical University, Fukushima, Japan), Chisato Mori
(Chiba University, Chiba, Japan), Shuichi Ito (Yokohama City Univer-
sity, Yokohama, Japan), Zentaro Yamagata (University of Yamanashi,
Chuo, Japan), Hidekuni Inadera (University of Toyama, Toyama,
Japan), Takeo Nakayama (Kyoto University, Kyoto, Japan), Hiroyasu
Iso (Osaka University, Suita, Japan), Masayuki Shima (Hyogo College
of Medicine, Nishinomiya, Japan), Youichi Kurozawa (Tottori Univer-
sity, Yonago, Japan), Narufumi Suganuma (Kochi University, Nankoku,
Japan), Koichi Kusuhara (University of Occupational and Environmen-
tal Health, Kitakyushu, Japan), and Takahiko Katoh (Kumamoto Uni-
versity, Kumamoto, Japan).


https://doi.org/10.1111/cga.12430

	Association between maternal smoking history and congenital anomalies in children: Results from the Japan Environment and C...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study design
	2.1.1  Questionnaires about Exposure to Tobacco Smoke
	2.1.2  Main outcomes
	2.1.3  Statistical Analysis


	3  RESULTS
	4  DISCUSSION
	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	REFERENCES


