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ABSTRACT

Objectives Knowledge on the impact of heated tobacco
product (HTP) use in pregnant women with associated
maternal and neonatal risks for hypertensive disorders of
pregnancy (HDP) and low birth weight (LBW) is limited. We
aimed to assess the status of HTP use among pregnant
women in Japan and explore the association of HTP use
with HDP and LBW.

Design Cross-sectional study.

Setting Data from the Japan ‘COVID-19 and Society’
Internet Survey study, a web-based nationwide survey.
Participants We investigated 558 postdelivery and 365
currently pregnant women in October 2020.

Primary and secondary outcome measures Information
on HDP and LBW was collected from the postdelivery
women’s Maternal and Child Health Handbooks (maternal
and newborn records). We estimated the age-adjusted
ORs and 95% Cls of ever HTP smokers for HDP and LBW
and compared them with those of never HTP smokers in a
logistic regression analysis.

Results The prevalence of ever and current HTP use were
11.7% and 2.7% in postdelivery women and 12.6% and
1.1% in currently pregnant women, respectively. Among
currently pregnant women who were former combustible
cigarette smokers, 4.4% (4/91) were current HTP
smokers. Among postdelivery women, ever HTP smokers
had a higher HDP incidence (13.8% vs 6.5%, p=0.03;
age-adjusted OR=2.48, 95%Cl 1.11 to 5.53) and higher
LBW incidence (18.5% vs 8.9%, p=0.02; age-adjusted
0R=2.36, 95%Cl 1.16 to 4.87).

Conclusions In Japan, the incidence of ever HTP use
exceeded 10% among pregnant women, and HTP smoking
may be associated with maternal and neonatal risks.
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INTRODUCTION

The use of heated tobacco products (HTPs)
is an emerging public health concern.' Since
the initial marketing of HTPs in 2014, the
prevalence of HTP use has increased in Japan,
with a registered prevalence above 15% in the
young population aged 20-39 years in 2019.”
This prevalence remained above 15% during
the COVID-19 pandemic in 2020.” The use
of HTPs is increasing worldwide, particularly
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Strengths and limitations of this study

» This study covered all heated tobacco products
(HTPs) available during the study period.

» All participants were asked to base their responses
on information in their Maternal and Child Health
Handbooks, a well-established home-based mater-
nal and neonatal record of pregnancy.

» The web-based, self-reported, cross-sectional study
had a small sample size and thus involved a selec-
tion bias and reduced statistical precision, and caus-
al mechanisms could not be examined.

» The lack of information on HTP smoking during
pregnancy limited the assessment of the direct im-
pact of HTP use on pregnancy outcomes.

» The participants’ relevant medical histories were not
assessed.

in the younger population; the prevalence of
HTP use among Guatemala adolescents was
2.9% in 2020."

Although the advertisement of HTPs
(eg, reduced harmfulness and a smoke-free
image) promotes the impression that HTPs
are healthy alternatives to combustible ciga-
rettes,” HTP-related unfavourable health
outcomes, including acute respiratory and
cardiovascular risks, are likely to occur.”’
However, existing knowledge on HTP use and
its association with maternal and neonatal
risks in pregnant women is limited. The two
most common life-threatening maternal and
neonatal risks are hypertensive disorders
of pregnancy (HDP) and low birth weight
(LBW).%? Although there are controversial
reports on the association between HDP
and combustible cigarette use,'’ combus-
tible cigarettes are known to increase various
maternal and neonatal risks in Japan.'' '
Therefore, in this study, we focused on the
association of HTP use with HDP and LBW,
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which are partly linked to other perinatal risks such as
preterm birth.

This study aimed to assess the status of HTP use among
pregnant women in Japan and explore HTP-associated
perinatal risks, in particular the risk of HDP and LBW,
by analysing data from a nationwide web-based survey
in Japan that contained information on pregnancy,
behavioural factors (eg, HTP use and combustible ciga-
rette smoking) and social background.

MATERIALS AND METHODS

Study design, data setting and participants

This cross-sectional internet-based study is part of the
Japan COVID-19 and Society Internet Survey (JACSIS)
study. The JACSIS study comprises three surveys in the
following three target populations: (1) young people
and adults aged 15-79 years, (2) currently pregnant and
postdelivery women, and (3) adults living in a single-
parent household. The study samples for each survey
were retrieved from the pooled panels of an internet
research agency (Rakuten Insight, which had approx-
imately 2.2million panellists in 2019)."” We used data
from currently pregnant and postdelivery women, which
were collected in October 2020.

The internet research agency initially identified 21 896
eligible women who gave birth after October 2019 or who
were expected to give birth by March 2021; however, our
target sample size was 1000women due to the available
study budget. Using a computer algorithm, the internet
research agency randomly selected 4373 women to reach
the target sample size of 1000. Quality control methods
for the sampling of panellists and other policies for panel-
lists by the internet research agency have been described
elsewhere.'* An invitation email was sent to the selected
4373women; they were to complete the questionnaire
through a designated website containing the survey ques-
tionnaire (made up of 61 questions, one question per
page). Data collection started on 15 October 2020, and
ended on 25 October 2020, when the target sample size
of 1000 by natural course (response rate, 22.9%) was met.
Next, we obtained deidentified data from 1000 women
from the internet research agency, and the study popula-
tion was stratified by delivery date as follows: (1) 600 post-
delivery women who delivered in October 2019-October
2020 (the number for October 2019-March 2020, April—
May 2020 and June-October 2020 was 200 each) and (2)
400 currently pregnant women who were expected to
deliver in October 2020-March 2021.

Seventy-seven (42 postdelivery and 35 currently preg-
nant women) participants who provided irrelevant or
conflicting information were excluded, like it was done
in previous studies of the same research agency.”” A
total of 923 (558 postdelivery and 365 currently preg-
nant women) participants were included in the analysis.
Informed consent was obtained electronically before the
study participants answered the web-based questionnaire.

Definition of HDP and LBW
Data on HDP and LBW were extracted from the web-based
self-reported questionnaires. The incidence of HDP was
based on whether the study participants had been diag-
nosed with HDP or pre-eclampsia during pregnancy. The
criteria for HDP diagnosis in Japan were derived from
the criteria of the American College of Obstetricians and
Gynaecologists (ie, systolic blood pressure 2140 mm Hg
or diastolic blood pressure 290 mmHg after the 20th week
of gestation).'’ The incidence of LBW was defined on the
basis of the diagnosis of LBW (birth weight <2500¢g). All
municipalities issue a handbook to all pregnant women in
which medical professionals record the health informa-
tion of the mother and child, including clinical outcomes
(eg, blood pressure and birth weight) and incident diag-
noses (eg, HDP and LBW) during pregnancy; this is part
of a national maternal and child health policy. Mothers
seldom lose their Maternal and Child Health Handbooks
(losing rate, <1%) 7

All participants were asked to provide information from
their Maternal and Child Health Handbooks. Although
the definitions of HDP and LBW were based on diagnosis
only (treatment information was not obtained), the infor-
mation was reliable, since Maternal and Child Health
Handbooks are well-established integrated home-based
records of maternal, newborn and child health.'” '8

HTP and cigarette smoking and other covariates
In the questionnaire, study participants were asked to indi-
cate their smoking status (never, once or a few times (trial
smoking and not habitual), former, sometimes (habitual)
or every day) for each HTP that was available in the study
period (Ploom Tech, Ploom Tech plus, Ploom S, IQOS,
glo, glo sens and PULZE). Participants who answered
‘never’ for all HTPs were considered as never HTP
smokers; the remaining participants were considered as
ever HTP smokers. Therefore, the ever HTP smoking
group included those who used HTPs before pregnancy
and during pregnancy altogether. We could not specifi-
cally distinguish the impacts of HTP smoking during
pregnancy from that of HTP smoking before pregnancy.
The status of combustible cigarette smoking was classi-
fied as never smoker and ever smoker. It was impossible to
further classify the smokers into former or dual smokers
due to the nature of the study. The other covariates
included age, educational attainment (<12 years (high
school) or =13 years (college or university)), occupa-
tion (manager or others), household income (<2 million
JPY [approximately US$20000], ¥2 to <¥6million
and >¥6million) and comorbidity (having hypertension
or diabetes)."”

Statistical analysis

Descriptive statistics were computed and compared using
the t-test or ° test. The prevalence of ever HTP smokers
was assessed among the postdelivery and currently preg-
nant women. Additionally, the HTP smoking status was
cross-classified according to the combustible cigarette
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smoking status of the currently pregnant and postdelivery
women.

Toassess the potential association between HTP smoking
and perinatal risk of HDP and LBW, the sample was
reduced to 558 postdelivery women who could complete
all the assessments during their pregnancy (table 1). In
the multivariable logistic regression analyses, the OR and
95% CI of ever HTP smokers for HDP risk were estimated
after adjustment for age (model 1, the main model in this
study). The never HTP smokers comprised the reference
group. In model 2, full adjustments for other explanatory
variables (combustible cigarette smoking, educational
attainment, occupation, household income and comor-
bidity) were performed, and 64 participants with missing
information on household income were excluded. The
same analyses were performed for LBW.

For the sensitivity analysis, a stratified analysis with
respect to combustible cigarette smoking (never/ever)
was performed. In addition, using a different reference
group that included those who never smoked any form of
tobacco (HTPs and combustible cigarettes), the ORs of
ever HTP smokers for HDP and LBW risks were estimated.

Alpha was set at 0.05, and all p values were two sided.
Data were analysed using STATA/MP V.13.1 (StataCorp).

Patient and public involvement
Neither patients nor the public was involved.

RESULTS

Among 558 postdelivery women, the incidences of HDP
and LBW were 7.3% (n=41) and 10.0% (n=56), respec-
tively, and the prevalence of ever HTP smokers was 11.7%
(n=65, table 1). Furthermore, among the 365 currently
pregnant women, the prevalence of ever HTP smokers
was 12.6% (n=46), which did not differ from that of HTP
smokers among postdelivery women (p=0.66).

Among the currently pregnant women, 4.4% (4/91
participants) of the former combustible cigarette smokers
reported smoking HTPs during pregnancy (table 2),
corresponding to 1.1% (4/365 participants) of currently
pregnant women. In addition, 36.3% (33/91 partici-
pants) of former combustible cigarette smokers quitted
HTP smoking during pregnancy, corresponding to 11.5%
(42/365 participants) of currently pregnant women.

Among the postdelivery women, the HDP incidence
was higher in ever HTP smokers than in never HTP
smokers (13.8% (n=9) vs 6.5% (n=35), p=0.03; table 1).
Similarly, the incidence of LBW was higher among ever
HTP smokers than among never HTP smokers (18.5%
(n=12) vs 8.9% (n=44), p=0.02; table 1). When stratified
by combustible cigarette smoking, a similar pattern was
observed among never and ever combustible cigarette
smokers (table 1).

In the regression analysis, the age-adjusted ORs for
HDP and LBW were elevated in ever HTP smokers
(model 1); the ORs for HDP and LBW were 2.48 (95% CI
1.11 to 5.53) and 2.36 (95% CI 1.16 to 4.78), respectively.

However, the elevated ORs were not significant after
adjusting for other covariates (model 2, figure 1). In the
same regression analyses (model 2), while ever combus-
tible cigarette smokers were not associated with perinatal
outcomes, the ORs of managerial workers for HDP and
LBW were 3.92 (95% CI 1.16 to 13.2) and 3.74 (95% CI
1.41 to 9.93), respectively.

In the sensitivity analyses, when stratified by combus-
tible cigarette smoking, a similar pattern was observed
independently in never and ever combustible cigarette
smokers (figure 1). For instance, among never combus-
tible cigarette smokers, the age-adjusted OR of HTP use
for LBW was 4.82 (95% CI 1.19 to 19.6). A further anal-
ysis comparing 65 ever HTP smokers in the postdelivery
group and 411 never tobacco smokers showed similar
results: compared with those who never smoked any form
of tobacco, the age-adjusted ORs of ever HTP smokers for
HDP and LBW were 2.56 (95% CI 1.13 to 5.80) and 2.52
(95% CI 1.22 to 5.20), respectively (model 1). However,
after adjusting for other covariates (model 2), the ORs
were not significant due to the small sample size: the ORs
for HDP and LBW were 2.40 (95% CI 0.27 to 21.2) and
3.59 (95% CI 0.66 to 19.5), respectively.

DISCUSSION

During the first wave of the COVID-19 pandemic in
Japan, the incidence of HTP use among pregnant women
exceeded 10%, and there was a suspected association of
HTP use and perinatal risk of HDP and LBW. However,
after adjusting for potential explanatory factors, there was
no significant association, which may be due to the weak
statistical power because of the small sample size.

To the best of our knowledge, this is the first report of a
potential association between HTP use and perinatal risks.
Although smoking plays a controversial role," recent
evidence suggests that combustible cigarette smoking
is associated with increased HDP risk."" '* Although the
biological and genetic pathways (eg, CYP2A6 and nicotine)
underlying the associations observed in different pheno-
types of HDP (eg, pre-eclampsia and gestational hyper-
tension) have not been elucidated,” HDP is recognised
as a systemic disease attributable to placental circulatory
dysfunction.”’ In experimental research, aerosol from
HTPs was found to damage vascular endothelial func-
tion in rats.’ Therefore, the association between HDP
risk and HTP use may involve acute and chronic vascular
damage, irrespective of combustible cigarette smoking.
Furthermore, as concluded in a recent systematic review,
smoking is a strong risk factor for LBW.”* Thus, given the
fact that HTPs are smoking devices, our observed results
are in line with established reports.

Although HTP-related unfavourable health outcomes
(eg, acute respiratory and cardiovascular risks) are
likely to occur,’” the impression of HTPs as a healthy
alternative is promoted by HTP use advertisements.’
The Japanese HTP market share accounted for 21% of
total tobacco sales in 2018, and the weak restrictions on
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N (%) or mean (SD)
Postdelivery women Currently pregnant women
Characteristics Never HTP smokers Ever HTP smokers  Never HTP smokers Ever HTP smokers

Maternal and neonatal risk

Low birth weight <25009g 44 (8.9) 12 (18.5)* NA NA
Imminent preterm birth 82 (16.6) 18 (27.7)* NA NA
Ever combustible cigarette 82 (16.6) 55 (84.6)** 54 (16.9) 41 (89.1)**
smoking

Managerial workers 19 (3.9) 5(7.7) 16 (5.0) 2 (4.3)

Household income n=436 n=58 n=263 n=41

¥200 to <¥600million 200 (45.9) 30 (51.7) 115 (43.7) 19 (46.3)
Never combustible cigarette n=411 n=10 n=265 n=5
smokers

1ybuAdoo Aq

Hypertensive disorders of 26 (6.3) 1(10.0) NA NA
pregnancy

Preterm birth <37 weeks 17 (4.1) 0(0) NA NA

Age 32.2 (4.0) 33.3 (2.3) 31.7 (4.3) 30.2 (1.8)

Managerial workers 16 (3.9) 1(10) 14 (5.3) 0(0)

Household income n=361 n=9 n=219 n=5

¥200 to <¥600million 160 (44.3) 4 (44.4) 97 (44.3) 3 (60.0)
Ever combustible cigarette n=82 n=55 n=54 n=41
smokers

Hypertensive disorders of 6 (7.3) 8 (14.5) NA NA
pregnancy

Preterm birth <37 weeks 2(2.4) 4 (7.3) NA NA
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Table 1 Continued

N (%) or mean (SD)

Postdelivery women

Currently pregnant women

Characteristics

Never HTP smokers Ever HTP smokers

Never HTP smokers Ever HTP smokers

Age 33.5 (4.3) 30.5 (4.3)** 32.9 (4.2) 31.4 (5.0)

Educational attainment >13 62 (75.6) 30 (54.5)** 43 (79.6) 27 (65.9)

years

Managerial workers 3(3.7) 4(7.3) 2(3.7) 2(4.9)

Comorbidity of hypertension or 11 (13.4) 4 (7.3) 0(0) 4 (9.8)*

diabetes

Household income n=75 n=49 n=44 n=36
<¥200million 3 (4.0 3(6.1) 1(2.3) 1(2.8)
¥200 to <¥600 million 40 (53.3) 26 (53.1) 18 (40.9) 16 (44.4)
>¥600 million 32 (42.7) 20 (40.8) 25 (56.8) 19 (52.8)

*P<0.05, **p<0.01, **p<0.001 for x2 test or t-test.
HTP, heated tobacco product; NA, not applicable.

tobacco advertisements and promotion in this country
contribute to increased HTP use.”” Among currently
pregnant women, approximately 4% of former combus-
tible cigarette smokers reported smoking HTPs in the
present study. This result might explain the change from
combustible cigarettes to HTP smoking during preg-
nancy. In a setting of weak tobacco restrictions such as
Guatemala, even though the prevalence of HTP use is low
(2.9%) among adolescents, a high prevalence is antici-
pated.4 However, our findings imply that HTP use is not
a healthy alternative. Evidence for unfavourable HTP-
related health outcomes is still insufficient, particularly
among reproductive age women. In addition, the impact
of multidimensional factors of the COVID-19 pandemic
(eg, the infection, mental health and socioeconomic
factors) and the smoking behaviours of others (eg, part-
ners and family) on the association between HTP use and
perinatal risks remains unknown. The ongoing JACSIS
study may provide updates in this regard.

Our study has limitations. First, this web-based, self-
reported, cross-sectional study had a small sample size,
which may thus involve a selection bias and weak statistical
precision, and it cannot provide an explanation of the
causal mechanisms between HTP use and perinatal risks.
Due to the lack of information on HTP smoking during
the pregnancy, the direct impact of HTP smoking on
pregnancy outcomes could not be assessed. Furthermore,
details on the participants’ medical histories including
relevant comorbidities, and detailed smoking information
such as smoking intensity and duration of smoking absti-
nence were not available. In addition, electronic cigarette
use was not assessed. However, the prevalences of HDP
and HTP smokers were mostly parallel to the general
population in Japan.””*'° The incidence of HTP use did
not differ between postdelivery and currently pregnant
women in our study. Second, recall and reporting bias
of HTP use could not be discarded, as suggested in a
study on combustible cigarette and electronic cigarette

Table 2 Smoking status and use of heated tobacco products cross-classified according to combustible cigarette smoking

status

HTP smoking status

Characteristics Never (%) Former (%) Current (%) Total (%)
Postdelivery women, total 493 (88.4) 50 (9.0) 15 (2.7) 558 (100)
Never combustible cigarette smokers 411 (97.6) 9 (2.1) 1(0.2) 421 (100)
Former combustible cigarette smokers 79 (64.2) 32 (26.0) 12 (9.8) 123 (100)
Current combustible cigarette smokers 3(21.4) 9 (64.3) 2(14.3) 4 (100)
Currently pregnant women, total 319 (87.4) 42 (11.5) 4(1.1) 365 (100)
Never combustible cigarette smokers 265 (98.1) 5(1.9) 0(0) 270 (100)
Former combustible cigarette smokers 54 (59.3) 33 (36.3) 4 (4.4) 91 (100)
Current combustible cigarette smokers 0(0) 4 (100) 0(0) 4 (100)

HTP, heated tobacco product;
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OR for hypertensive disorders of pregnancy

Overall, n=558
Crude (ever HTP smokers vs. never HTP smokers)
Model 1 (ever HTP smokers vs. never HTP smokers)
Model 2 (ever HTP smokers vs. never HTP smokers)
Never combustible cigarette smokers, n=421
Crude (ever HTP smokers vs. never HTP smokers)
Model 1 {ever HTP smokers vs. never HTP smokers)
Model 2 (ever HTP smokers vs. never HTP smokers)
Ever combustible cigarette smokers, n=137
Crude (ever HTP smokers vs. never HTP smokers)
Model 1 (ever HTP smokers vs. never HTP smokers)
Model 2 (ever HTP smokers vs. never HTP smokers)
OR for low birth weight <2500 g
Overall, n=558
Crude (ever HTP smokers vs. never HTP smokers)
Model 1 (ever HTP smokers vs. never HTP smokers)
Model 2 (ever HTP smokers vs. never HTP smokers)
Never combustible cigarette smokers, n=421
Crude (ever HTP smokers vs. never HTP smokers)
Model 1 (ever HTP smokers vs. never HTP smokers)
Model 2 (ever HTP smokers vs. never HTP smokers)
Ever combustible cigarette smokers, n=137
Crude (ever HTP smokers vs. never HTP smokers)
Model 1 (ever HTP smokers vs. never HTP smokers)
Model 2 (ever HTP smokers vs. never HTP smokers)

Figure 1

OR (95% Cl)
2.32 (1.05-5.10)
T 2.48 (1.11-5.53)

N E— 2.78 (0.84-9.15)
1P . 1.65 (0.20-13.5)
| o ‘ 1.58 (0.19-13.0)

T — 2.43 (0.26-22.5)
P — 2.16 (0.70-6.60)
T 2.48 (0.75-8.20)
— . 2.95 (0.56-15.6)

_ OR (95% CI)
° 2.31 (1.15-4.65)
. 2.36 (1.16-4.78)
g 2.08 (0.80-5.39)
e 4.75 (1.18-19.2)
e C— 4.82 (1.19-19.6)
a ) 3.80 (0.68-21.2)
— e 1.41 (0.53-3.73)
R 1.57 (0.56-4.43)
—t. ! 1.63 (0.48-5.58)

1 1 1:0

OR of ever heated tobacco product (HTP) smokers with hypertensive disorders of pregnancy and low birth weight,

compared with never HTP smokers. Age was adjusted in model 1, and other covariates (combustible cigarette smoking,
educational attainment, occupation, household income and comorbidity) were additionally adjusted in model 2. The samples
for each analysis in model 2 were as follows: n=494 (overall), n=370 (never combustible cigarette smokers), and n=124 (ever
combustible cigarette smokers) for hypertensive disorders of pregnancy; and n=478 (overall), n=310 (never combustible
cigarette smokers) and n=118 (ever combustible cigarette smokers) for low birth weight.

smoking." Because selfreport-based smoking status
among pregnant women tends to misclassify ever smokers
as never smokers,”' our estimates might be biased toward
the null. Third, the perinatal clinical information was
self-reported and not based on medical charts, thereby
limiting the precision of the results. However, all partici-
pants were asked to base their responses on information
in their Maternal and Child Health Handbooks, a well-
established home-based maternal and neonatal record
during pregnancy.18 Therefore, this limitation might not
have affected our results, or at least not largely. Despite
these limitations, all HTPs that were available during the
study period were assessed. This is the first report on the
status of HTP use among pregnant women in Japan, and it
highlights the potentially elevated maternal and neonatal
risks associated with HTP use. Additionally, to date,
besides the present study, no other human studies have
assessed the potential effect of the maternal use of new
tobacco products (ie, e-cigarettes and HTPs) on perinatal
health.” Therefore, our findings shed light and motivate
further investigations to assess the life-threatening peri-
natal risks associated with new tobacco products.

In conclusion, the incidence of HTP use seems to
exceed 10% among pregnant women, and HTP smoking
may be associated with increased maternal and neonatal
risks in Japan. Undoubtedly, smoking in reproductive age
women can cause unfavourable perinatal outcomes.”
Hence, efforts should be made to investigate the risk

of HTP use in reproductive age women, to prevent life-
threatening perinatal complications and deaths.
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