1
B

k
e

Maternal exposure to smoking and infant's wheeze and asthma:
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Abstract

Aim: When a woman smokes tobacco during her pregnancy, the fetus is put at risk of
secondhand smoke exposure during the critical period of lung development. The
developing lungs of the fetus are susceptible to tobacco compounds, and fetal secondhand
smoke exposure may result in a low lung-function trajectory from birth to adulthood. A
systematic review and meta-analysis of 79 prospective studies showed that exposure to
prenatal maternal smoking increased the risk of developing wheeze and asthma in
children up to the age of 2 years compared with unexposed children. However, evidence
regarding independent effects of maternal smoking in different time frames of pregnancy
and maternal exposure to secondhand smoke on the development of wheeze/asthma in
her offspring is limited. I aimed to investigate the effect of maternal exposure to tobacco
smoke on wheeze/asthma development at 1 year of age in her offspring using data from
the nationwide birth cohort study in Japan.

Methods: Pregnant women who lived in the 15 designated regional centers throughout
Japan were recruited. I obtained information about maternal smoking or secondhand
smoke status during pregnancy, postnatal exposure of the infant to secondhand smoke,
and wheeze/asthma development in the offspring from a self-administered questionnaire.
Results: I analyzed 90210 singleton births. Current maternal smoking during pregnancy
increased the risks of wheeze/asthma in the offspring compared with no maternal smoking
(wheeze: 1-10 cigarettes/day: adjusted odds ratio (aOR) 1.436, 95% CI 1.270-1.624; =
11 cigarettes/day: aOR 1.669, 95% CI 1.341-2.078; asthma: 1-10 cigarettes/day: aOR
1.389,95% C11.087-1.774; =11 cigarettes/day: aOR 1.565, 95% CI 1.045-2.344). Daily
maternal exposure to secondhand smoke during pregnancy also increased the risks of

wheeze/asthma in her offspring compared with no secondhand smoke exposure (wheeze:



aOR 1.166, 95% CI 1.083-1.256; asthma: aOR 1.258, 95% CI 1.075-1.473). The
combination of current maternal smoking during pregnancy and maternal history of
allergy increased the risks of wheeze/asthma in her offspring (wheeze: aOR 2.007, 95%
CI 1.739-2.317; asthma: aOR 1.995, 95% CI 1.528-2.605).

Conclusions: I found that current maternal smoking and maternal secondhand smoke
exposure during pregnancy increased the risks of wheeze and asthma in her offspring. I
also found a positive additive effect of current maternal smoking and maternal history of
allergy on the risks of wheeze and asthma in the offspring. These results provide clear
evidence to support the importance of smoking cessation not only in pregnant mothers
but also in all smokers in the homes of pregnant mothers in the prenatal and postnatal

periods.

Abbreviations

aOR: adjusted odds ratio

JECS: Japan Environment and Children’s Study

SHS: secondhand smoke



Introduction

The prevalence of allergic diseases has increased in recent decades'™. The development
of allergic disease is associated with genetic and environmental factors. However, the
increased occurrence of allergic diseases during such a short period cannot be explained
by only genetic factors and may be associated with changes in environmental factors.
The health and disease hypothesis proposes that development of the fetus is sensitive to
various environmental factors to which pregnant women are exposed, and that fetal
adaptations to these factors may lead to the development of non-communicable diseases*
3. Based on this hypothesis, numerous studies have investigated the relationship between
various environmental exposures and allergic diseases.

Prenatal exposure to tobacco smoke is preventable. In the nationwide survey on perinatal
smoking behavior in Japan, the prevalence of maternal smoking before pregnancy and
during pregnancy was 25.8% and 9.9%, respectively®. Worldwide, as many as 40% of
children are regularly exposed to secondhand smoke (SHS) indoors’. When a woman
smokes tobacco during her pregnancy, the fetus is put at risk of SHS exposure during the
critical period of lung development. The developing lungs of the fetus are susceptible to
tobacco compounds, and fetal SHS exposure may result in a low lung-function trajectory

from birth to adulthood. Previous studies have reported poor alveolarization and



impairment of lung functions (functional residual capacity and tidal flow volume) in the
offspring of women who smoked during pregnancy® °.

A recent systematic review and meta-analysis of 79 prospective studies showed that
exposure to prenatal or postnatal maternal smoking increased the risk of developing
wheeze by 41% or 70%, respectively, in children up to the age of 2 years compared with
unexposed children. Similar effects were observed on the relationship between prenatal
maternal smoking and the prevalence of asthma in children up to the age of 2 years'’.
However, evidence regarding the independent effect of maternal active smoking and
maternal exposure to SHS in different time frames of pregnancy on the development of
wheeze and asthma in children is scarce.

I speculate that effects of offspring's exposure to smoking might appear differently
depending on dose, duration, and timing of the exposure. To evaluate that, I examine the
effects of maternal active smoking dose, frequency of maternal exposure to SHS during
pregnancy, and postnatal exposure of the infant to SHS on the development of wheeze
and asthma in the infant at 1 year of age using data from the Japan Environment and
Children's Study (JECS). Furthermore, I assessed the combined role of maternal active
smoking during pregnancy and maternal history of allergy on the development of wheeze

and asthma in her offspring at 1 year of age.



This doctoral dissertation is based on the following paper: Wada T (2021), “Maternal
exposure to smoking and infant's wheeze and asthma: Japan Environment and Children's

Study.” Allergol Int 70:445-51 11,

Methods

Study design and oversight

The JECS is a nationwide, government-funded birth cohort study. The aim of the JECS is
to investigate the associations between the environment and children's health and
development. The background and general procedure of the JECS have been described in

previous articles!> 13

. Pregnant women who live in the 15 designated study areas
throughout Japan were recruited from January 2011 to March 2014. The participating
children will be followed until they reach the age of 13 years.

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

Written informed consent was obtained from all participants.

Study subjects



Eligibility criteria for participants in the JECS included the following: 1) the pregnant

female resides in one of the study areas at the time of recruitment, 2) her expected delivery

date is after August 1, 2011, and 3) the pregnant female is capable of comprehending the

Japanese language and completing the self-administered questionnaires. I excluded from

the JECS pregnant females who resided outside the study area but attended cooperating

health care providers within the study area.

I enrolled 103,062 pregnancies in the JECS excluding mothers who withdrew consent.

After excluding multiple conceptions, miscarriages, stillbirths, and subjects with missing

information on maternal smoking status, I analyzed 90,210 singleton births in the present

study (Fig.1). The present study is based on the jecs-an-20180131 dataset that was

released in March 2018.



Enrollment of pregnant women in

the JECS
(n=103062)
—— ‘ multiple participating (n=5647) ‘
———* [ multiple conception (n=949) ‘
————— ‘ miscarriages, stillbirths (n=3676) ‘

misclassification of alcohol intake (n=3) ‘

Singleton births (n=92787) |

N missing information on maternal smoking status
(n=2577)

90210 subjects are analyzed

Fig. 1. Flowchart of the study participants. “Multiple participating” indicates already-enrolled mothers who became pregnant again during the study period. Subsequent children
who were born to already-enrolled mothers were excluded from the present study.

Data collection

Self-administered questionnaires were given to mothers enrolled in the JECS at the first

trimester and at the second/third trimester of pregnancy, and at 1 month, 6 months, and 1

year postpartum. A similar questionnaire was administered to their partners during the

pregnancy. The questionnaire included questions about demographic factors, lifestyle,

socioeconomic status, occupation, medical history, physical and mental health,

environmental exposures at home and in the workplace, and housing conditions. Medical

records such as perinatal information and infant physical examinations at birth and at 1

month of age were transcribed and obtained.

Assessment of smoking habits



Mothers were asked about their smoking status during pregnancy in the self-administered

questionnaire that was given to the mothers at 1 month postpartum. Maternal smoking

status was assessed with the following question: “Please choose an answer on your

smoking status.” (never smoked, quit smoking before pregnancy, quit smoking during

early pregnancy, smoked 1-10 cigarettes/day, smoked 11-20 cigarettes/day, smoked 21 or

more cigarettes/day). To avoid small numbers of subjects, the data were recategorized

into 1-10 and =11 cigarettes/day. The question about prenatal SHS exposure was asked

in the questionnaire administered at the second/third trimester. Prenatal SHS exposure

was assessed as exposure of the mother to other person’s smoking at home, in the

workplace or in other indoor locations (frequency). Postnatal exposure of the infant to

SHS was assessed with the question that asked if the infant was exposed to SHS at home

at 1 month postpartum and, in that case, the location where the household member(s)

smoked (none, outdoor, indoor).

Outcome measures and covariates

The primary outcome was the incidence of development of wheeze and asthma in the

offspring. The information on developing wheeze and asthma was assessed by the self-

administered questionnaire given to the mothers when their offspring was 1 year of age.

I defined current wheeze as a positive answer to the question, based on the criterion of



the International Study of Asthma and Allergies in Childhood: “Has your child ever had
wheezing or whistling in the chest in the last 12 months?”'*. I defined physician-
diagnosed asthma as a positive answer to the question, “Has your child ever been
diagnosed by a doctor as having asthma?”.

The covariates included in the analysis were maternal smoking status, frequency of
prenatal maternal SHS exposure, location of postnatal infant’s exposure to SHS, maternal
age at delivery, maternal body mass index before pregnancy, maternal physical activity,
marital status, maternal employment status, maternal education level, maternal alcohol
consumption, maternal history of allergy, infant's sex, gestational weeks at delivery, mode
of delivery, birth weight, birth season, parity, infant's respiratory infection (upper, lower),
infant anomaly, daycare attendance, pet rearing, and annual household income. Maternal
history of allergy was assessed based on self-reported doctor’s diagnosis from the self-
administered questionnaire. This study defined infant’s anomaly as one or more of the 31
congenital anomalies that are easily detected at delivery and that generally require prompt
medical attention after delivery'.

Statistical analysis

Maternal smoking status was classified into five groups for the statistical analysis (never,

quit smoking before pregnancy, quit smoking during early pregnancy, current smoking 1-



10 cigarettes/day, current smoking =11 cigarettes/day). Analysis of variance and chi-

square test were used to assess the significance of differences among the groups.

Multiple logistic regression analysis was conducted to identify the association between

maternal exposure to tobacco smoke and development of wheeze and asthma in her child

by 1 year of age. Analysis of prenatal SHS exposure was conducted among all subjects

and among non-smoking mothers (never smoked, quit smoking before pregnancy, and

quit smoking during early pregnancy). I evaluated the additive effect of maternal smoking

and maternal history of allergy on wheeze/asthma in her offspring.

Results are presented as crude and adjusted odds ratios with 95% CI. Significance was

set at p<0.05. I analyzed the data of mothers without missing values. Analyses were

performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Results

Table 1 summarizes the characteristics of the participants. Of the 90210 mothers

who reported smoking status during pregnancy, 52677 (58.4%), 20234 (22.4%), 13447

(14.9%), 3051 (3.4%) and 801 (0.9%) did not smoke, quit smoking before pregnancy, quit

smoking during early pregnancy, currently smokes 1-10 cigarettes per day, or currently



smokes 11 or more cigarettes per day, respectively. There were significant differences in

maternal age at delivery, maternal body mass index before pregnancy, maternal physical

activity, marital status, maternal employment status, maternal education level, maternal

alcohol consumption, maternal history of allergy, gestational weeks at delivery, birth

weight, mode of delivery, parity, infant's respiratory infection (upper, lower), daycare

attendance, pet rearing, and annual household income among the five groups that were

categorized according to the maternal smoking status (Table 1). In contrast, infants’

gender distribution, birth season, and the presence of anomaly in the infant were not

significantly different among the five groups.



Table 1
Characteristics of the participants.

All % Never-smokers Quit smoking Quit smoking Current smokers (cigarettes per day) P-value
before during early during pregnancy
pregnancy pregnancy —10 11
Participants, n (%) 52,677 (58.4) 20,234 (22.4) 13,447 (14.9) 3051 (34) 801 (0.9) <0.0001*
Frequency of SHS exposure at second|third trimester, % <0.0001*
Almost never 61.5 7.1 63.0 39.0 171 103
= 1 day per week 1.9 115 135 13.2 6.7 52
2-3 days per week 8.1 6.7 84 13.2 116 8.8
4—6 days per week 48 39 48 7.9 9.2 83
Every day 12.6 6.8 103 26.7 553 67.4
Household smoking location at 1 month postpartum, % <0.0001~
None 47.4 57.6 47.0 21.0 3.6 33
Outdoor 50.0 41.0 50.7 74.4 879 78.0
Indoor 24 14 23 46 8.4 188
Maternal characteristics
Maternal age, mean (SD) 31.0(5.0) 31.3 (49) 317 (48) 29.1(5.3) 2938 (5.7) 297 (5.9) <0.0001%*
Maternal BMI before pregnancy, % <0.0001*
<185 kg/m? 16.1 164 14.0 17.6 194 159
18.5-249 kg/m? 73.3 74.3 747 70.0 662 633
= 25 kg/m? 10.5 93 113 12.4 144 209
Physical activity during mid-late pregnancy, % <0.0001**
Yes 75.0 75.6 77.0 75.3 754 737
Marital status, % <0.0001*
Married 94.5 97.0 97.1 89.8 873 84.0
Single 36 26 22 82 8.2 10.0
‘Widowed, divorced 0.8 03 0.7 19 4.5 6.1
Maternal employment status, % <0.0001*
Yes 449 437 49.0 47.1 505 559
Maternal education, % <0.0001*
<13 years 354 25.8 40.1 58.5 722 834
13—15 years 41.7 449 442 345 248 15.0
= 16 years 215 293 15.7 7.1 3.1 1.7
Maternal alcohol consumption, % <0.0001~
Never 329 399 24.1 249 235 230
Quit before pregnancy 16.2 16.6 19.3 11.8 163 180
Quit during early pregnancy 46.5 41.7 52.8 60.0 515 46.9
Current drinkers 27 18 38 33 8.7 121
Maternal history of allergy <0.0001~
Yes 49.6 50.0 48.2 51.8 539 54.0
Child's characteristics
Male infants, % 51.3 51.3 51.2 51.4 51.1 524 0.9607+
Gestational weeks, mean (SD)  39.3 (1.5) 393 (15) 39.3(15) 39.3 (1.6) 39.1 (16) 389(18) <0.0001+
Birth weight, mean (SD) 30266 (411.2)  3024.4 (408.6) 3050.1 (409.1)  3029.8 (4203)  2925.6(404.0) 2909.8 (431.7) <0.0001%*
Type of delivery, Caesarean, % <0.0001*
Yes 18.7 18.2 19.6 18.8 204 205
Birth season, % 0.0517*
March—May 233 233 233 23.6 222 21.1
June—August 26.4 26.8 257 26.3 26.1 26.0
September—November 276 274 278 27.7 285 272
December—February 227 224 232 224 232 257
Parity, % <0.0001*
41.5 446 338 51.4 323 251
=1 56.0 554 66.1 48.6 67.7 749
Upper respiratory infections at 1 year of age, % <0.0001*
Yes 20.7 23.1 233 19.2 219 216
Lower respiratory infections at 1 year of age, % <0.0001*
Yes 55 5.6 6.7 6.1 8.4 10.0
Infant anomaly, % 0.7005*
Yes 23 23 22 23 2.5 27
Daycare attendance, % <0.0001~
Yes 6.5 58 74 85 147 15.9
Others
Pet rearing, % <0.0001*
Yes 234 215 264 33.0 339 64.5
Household income, % <0.0001*
<4 million yen/year 36.8 343 41.2 54.7 619 63.7
4-59 million yenfyear 30.5 34.1 347 28.7 251 251
= 6 million yen/year 248 316 241 16.6 129 111

SHS, secondhand smoke.
P-value was calculated by chi-square test.
P-value was calculated by analysis of variance.

The percentage of children who developed wheeze or asthma during the first year

of life increased with the extent of maternal smoking during pregnancy. Table 2 shows



crude and adjusted odds ratios (aORs) with 95% CI of the association between maternal

smoking or SHS status during pregnancy and current wheeze or physician-diagnosed

asthma in the offspring. The prevalence of wheeze and asthma was 15.5% and 2.5%,

respectively. In the crude model, all maternal smoking statuses during pregnancy were

significantly associated with increased risks of wheeze and asthma in the offspring

compared with no maternal smoking. After adjustment for the covariates, maternal

smoking during pregnancy was significantly associated with an increased risk of wheeze

in the offspring compared with no maternal smoking (1-10 cigarettes per day: aOR 1.436,

95% CI 1.270-1.624; = 11 cigarettes per day: aOR 1.669, 95% CI 1.341-2.078).

Moreover, even if mothers quit smoking early in pregnancy, there was a significantly

increased risk of wheeze in the offspring (aOR 1.188, 95% CI 1.109-1.272). In addition,

maternal smoking during pregnancy was significantly associated with an increased risk

of asthma in the offspring (1-10 cigarettes per day: aOR 1.389, 95% CI 1.087-1.774; =

11 cigarettes per day: aOR 1.565, 95% CI 1.045-2.344).

Maternal SHS exposure in the second/third trimester was significantly associated

with the development of wheeze in the offspring compared with no SHS exposure (Table

2). This risk increased in association with increasing frequency of SHS exposure (= 1

day per week: aOR 1.124, 95% CI 1.051-1.203; 2-3 days per week: aOR 1.115, 95% CI



1.028-1.209; 4-6 days per week: aOR 1.175, 95% CI 1.064-1.298; every day: aOR 1.166,

95% CI 1.083-1.256). Similarly, only daily maternal exposure to SHS in the second/third

trimester was significantly associated with the development of asthma in the offspring

compared with no SHS exposure (every day: aOR 1.258, 95% CI 1.075-1.473). Similar

results were obtained when the analysis was performed only among non-smoking mothers

(wheeze: = 1 day per week: aOR 1.150, 95% CI 1.051-1.259; 2-3 days per week: aOR

1.135, 95% CI 1.011-1.275; 4-6 days per week: aOR 1.238, 95% CI 1.071-1.430; every

day: aOR 1.300, 95% CI 1.162-1.455; asthma: every day: aOR 1.386, 95% CI 1.088-

1.765) (data not shown).

Infants who were exposed to tobacco smoke outdoors or indoors at 1 month

postpartum had a significantly increased risk of wheeze compared with infants who were

not exposed to tobacco smoke (outdoors: aOR 1.105, 95% CI 1.052—-1.160, indoors: aOR

1.196, 95% CI 1.040-1.375). However, none of the groups of infants who were exposed

to SHS had a significantly increased risk for the development of asthma.



Table 2
Associations between maternal smoking during pregnancy or SHS status and wheeze or asthma development at 1 year of age.

Cases, n Subtotal, n Prevalence, % Crude OR (95% CI) Adjusted OR' (95% CI)
Current wheeze 12,804 82,635 15.5
Maternal smoking status
Never-smokers 6738 49,272 13.68 1.000 1.000
Quit smoking before pregnancy 3177 18,679 17.01 1.294 (1.236, 1.355) 1.119 (1.060,1.181)
Quit smoking early in pregnancy 2085 11,641 17.91 1377 (1.305, 1.454) 1.188 (1.109,1.272)
Current smokers during pregnancy
1-10 cigarettes per day 621 2435 25.50 2.161 (1.966, 2.376) 1436 (1.270, 1.624)
= 11 cigarettes per day 183 608 30.10 2.718 (2.281, 3.239) 1.669 (1.341,2.078)
P for trend <0.0001 <0.0001
Frequency of maternal SHS exposure at second/third trimester
Almost never 7119 51,796 13.74 1.000 1.000
= 1day per week 1616 9824 16.45 1.236 (1.165, 1.311) 1.124 (1.051,1.203)
2-3 days per week 1179 6583 17.91 1369 (1.279, 1.465) 1.115 (1.028, 1.209)
4—6 days per week 739 3953 18.69 1443 (1.327, 1.569) 1.175 (1.064, 1.298)
Everyday 2016 9810 20.55 1.623 (1.536, 1.715) 1.166 (1.083, 1.256)
P for trend <0.0001 <0.0001
Household smoking location at 1 month postpartum
None 5429 40,112 13.53 1.000 1.000
Outdoor 6933 40,499 17.12 1320 (1.270, 1.371) 1.105 (1.052,1.160)
Indoor 417 1892 22.04 1.806 (1.614, 2.021) 1.196 (1.040, 1.375)
P for trend <0.0001 <0.0001
Physician-diagnosed asthma 2045 82,891 25
Maternal smoking status
Never-smokers 1011 49,409 2.05 1.000 1.000
Quit smoking before pregnancy 491 18,733 262 1.289 (1.155, 1.437) 1.026 (0.906, 1.161)
Quit smoking early in pregnancy 367 11,694 3.14 1.551 (1.374, 1.751) 1.190 (1.023, 1.384)
Current smokers during pregnancy
1-10 cigarettes per day 133 2443 5.44 2.756 (2.289, 3.318) 1.389 (1.087,1.774)
= 11 cigarettes per day 43 612 7.03 3618 (2,637, 4.963) 1.565 (1.045,2344)
P for trend <0.0001 0.0005
Frequency of maternal SHS exposure at second|third trimester
Almost never 1076 51,943 2.07 1.000 1.000
= 1day per week 228 9857 231 1.119 (0.969, 1.293) 1.029 (0.877,1.208)
2-3 days per week 196 6611 2.96 1444 (1.238, 1.686) 1.073 (0.894, 1.286)
4—6 days per week 116 3963 293 1425 (1.174, 1.731) 1.075 (0861, 1.343)
Everyday 410 9845 4.16 2054 (1.830, 2.307) 1.258 (1.075,1473)
P for trend <0.0001 0.0016
Household smoking location at 1 month postpartum
None 818 40,231 203 1.000 1.000
Outdoor 1143 40,620 2.81 1395 (1.274, 1.528) 1.048 (0936, 1.173)
Indoor 83 1905 4.36 2195 (1.743, 2.765) 1.161 (0873, 1.544)
P for trend «<0.0001 0.2829

SHS, secondhand smoke.

 Adjusted for maternal smoking status, frequency of prenatal maternal SHS exposure, location of postnatal infant's exposure to SHS, maternal age at delivery, maternal
body mass index before pregnancy, maternal physical activity, marital status, maternal employment status, maternal education level, maternal alcohol consumption, maternal
history of allergy, infant's sex, gestational weeks at delivery, mode of delivery, birth weight, birth season, parity, infant's respiratory infection (upper, lower), infant anomaly,
daycare attendance, pet rearing, and annual household income.

Table 3 shows additive effects of maternal smoking during pregnancy and maternal

history of allergy on current wheeze and physician-diagnosed asthma in the offspring.

Maternal lifetime prevalence of asthma, atopic dermatitis, allergic rhinitis, allergic

conjunctivitis, or food allergy was 50.0%. The combination of current maternal smoking

and maternal history of allergy was significantly associated with an increased risk of

wheeze and asthma in her offspring (wheeze: aOR 2.007, 95% CI 1.739-2.317; asthma:

aOR 1.995, 95% CI 1.528-2.605).



Table 3
Additive effects of maternal smoking during pregnancy and maternal history of allergy on wheeze and asthma development at 1 year of age.

Maternal smoking Maternal history Cases,n  Subtotal, n  Prevalence,® Crude OR (95% CI) P-value  Adjusted OR' (95% CI)  P-value
(current smokers during pregnancy) of allergy

Current wheeze

No No 5248 39,313 1335 1.000 1.000

No Yes 6690 39,866 16.78 1309 (1259, 1.361) <0.0001 1.301 (1.245, 1.361) <0.0001

Yes No 354 1616 2191 1.821(1613,2056) <0.0001 1.228(1.055, 1.429) 0.0081

Yes Yes 444 1410 3149 2984 (2657,3351) <0.0001 2007 (1.739, 2.317) <0.0001
Physician-diagnosed asthma

No No 752 39,453 1.91 1.000

No Yes 1107 39,968 277 1466 (1335, 1.610) <0.0001 1.436 (1.295, 1.593) <0.0001

Yes No 65 1622 4.01 2,148 (1659, 2782) <0.0001 1.295 (0.948, 1.769) 0.1042

Yes Yes 109 1416 7.70 4203 (3.486,5.288) <«0.0001 1.995 (1.528, 2.605) <0.0001

T Adjusted for maternal smoking status, frequency of prenatal maternal SHS exposure, location of postnatal infant’s exposure to SHS, maternal age at delivery, maternal
body mass index before pregnancy, maternal physical activity, marital status, maternal employment status, maternal education level, maternal alcohol consumption, maternal
history of allergy, infant's sex, gestational weeks at delivery, mode of delivery, birth weight, birth season, parity, infant's respiratory infection (upper, lower), infant anomaly,
daycare attendance, pet rearing, and annual household income.

Discussion

In Japan, the rate of current active smoking has decreased from 24.2% in 2005 to 18.2%
of adults (30.1% men, 7.9% women) in 2015'® 7. Meanwhile, the lack of strong smoke-
free laws in Japan has led to extremely high rates of exposure to SHS in public places
(49% of workplaces, 55% of restaurants, and 83% of bars)'®,

In this large nationwide birth cohort study, I found that maternal smoking during
pregnancy increased the risks of wheeze and asthma in the offspring in a dose-dependent
manner. Consistent with my results, a recent systematic review and meta-analysis has
shown that prenatal maternal smoking was associated with the development of childhood
asthma and wheeze!”. A few studies showed a dose-response relationship between the
number of cigarettes smoked by the mother during pregnancy and wheeze in adolescents

or asthma in schoolchildren®® 2!,



Not only smoking dose but also the time window of exposure to smoke during pregnancy
might be critical for the development of wheeze and asthma in the offspring. In a
prospective birth cohort study, maternal smoking throughout pregnancy was a significant
risk factor for wheeze in children, although there were no associations between maternal
smoking in the first trimester only or in the second and/or third trimesters and the
development of wheeze compared with no maternal smoking during pregnancy?’.
Another population-based prospective cohort study in the Netherlands showed no
association between maternal smoking during the first trimester and wheeze in preschool
children®*-?*, Contrary to these studies, the present study showed that even if mothers quit
smoking early in pregnancy, there were significantly increased risks of wheeze and
asthma in the offspring. Further studies are warranted to clarify the critical time window
of exposure to tobacco smoke in utero for the development of wheeze and asthma in the
offspring.

Maternal SHS exposure during pregnancy might also be associated with the risk of
wheeze and asthma development in the offspring. In this study, there were significant
associations between the frequency of maternal SHS exposure and the development of
wheeze and asthma in her offspring. Fifteen European Union birth cohort studies were

combined in pooled analysis, which showed that maternal SHS exposure during



pregnancy increased the risk of development of wheeze in children up to the age of 2
years?> %, Similarly, a population-based cohort study in Canada reported that maternal
SHS exposure during pregnancy was associated with the development of asthma in the
offspring, even if the mother did not smoke actively during pregnancy?®. The finding that
maternal SHS exposure during pregnancy is an independent risk factor for wheeze and
asthma in the offspring deserves more attention. Furthermore, Carlsten et al. showed that
both the presence of a family member who smoked during the third trimester and an
elevated cotinine level in cord blood were associated with a significantly increased risk
for recurrent wheeze at 2 years of age®’. It can be presumed that frequent prenatal
exposure to SHS is responsible for the development of wheeze or asthma in the infant.
My study found that infants who were exposed to tobacco smoke outdoors or indoors had
a significantly increased risk of wheeze compared with unexposed infants, although the
exposed infants did not have a significantly increased risk for the development of asthma.
Consistent with my results, in a recent systematic review and meta-analysis, postnatal
exposure of infants to SHS (maternal or household) was associated with the development
of wheeze in infants up to the age of 2 years, but was not associated with the development
of asthma'®.

I found an additive effect of current maternal smoking and maternal history of allergy on



the development of wheeze and asthma in the offspring. In pooled analysis of 15
European Union birth cohort studies, it was found that maternal active smoking during
pregnancy increased the risk of development of wheeze in their children among those
with a family history of allergy compared to those without®. Additionally, household
smoking with a positive parental allergic history was significantly associated with the
development of wheeze and asthma in Japanese schoolchildren®®. There is a possibility
that the association between maternal smoking and wheeze in her offspring differs
depending on the presence or absence of a familial history of allergy®*-3!.
Strength of my study is that this is the first nationwide birth cohort study to evaluate
effects of maternal exposure to smoking on the infants’ wheeze in Japan. Furthermore, |
have assessed prenatal maternal active smoking in different time frames of pregnancy,
frequency of maternal exposure to SHS during pregnancy, and postnatal exposure of the
infant to SHS, separately. In addition, many potential covariates such as lifestyle, physical
factors, and social factors were controlled for in the analysis.

There are several limitations to this study. First, I evaluated prenatal and postnatal
smoking status using self-administered questionnaires, which may be subject to

underreporting and recall bias. Second, although I defined wheeze based on the criteria

of the International Study of Asthma and Allergies in Childhood, this may have led to



misclassification. Third, wheezing episodes in one-year-old infants may be associated

with health conditions other than asthma. Follow-up studies are required. Despite these

limitations, this study is worthy of note as nationwide research using multivariate analysis.

My results provide clear evidence to support the importance of smoking cessation not

only in pregnant mothers but also in all smokers in the homes of pregnant mothers in the

prenatal and postnatal periods. In addition, all co-workers of pregnant women should be

careful not to expose pregnant women to SHS.

In conclusion, my findings indicated that current maternal smoking and frequency

of maternal SHS exposure during pregnancy increased the risks of wheeze and asthma in

their offspring. I also found a positive additive effect of current maternal smoking and

maternal history of allergy on the risks of wheeze and asthma in the offspring. Further

research is needed to determine whether these maternal exposures affect the long-term

respiratory health of their offspring in a Japanese population
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