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ABSTRACT
INTRODUCTION Maternal cigarette smoking during pregnancy is an established risk 
factor for adverse maternal, fetal, and infant outcomes. In contrast, maternal 
smokeless tobacco use (i.e. e-cigarettes, snus, betel quid, iqmik) during pregnancy 
has a more complex risk profile due to its potential use as a smoking cessation 
aid or to reduce the harm from smoking tobacco. The overall aim of this study 
was to investigate the association between smoked, smokeless, and poly-tobacco 
(smoked + smokeless) use during pregnancy and infant mortality, in a national 
sample of women in Cambodia.
METHODS The study used data from the National Adult Tobacco Survey of Cambodia 
(NATSC) that employed sampling methods and tobacco survey items from the 
CDC Global Adult Tobacco Survey but also included a supplement on reproductive 
health and birthing history. We selected 5342 women of the NATSC who reported 
complete data on at least one pregnancy, and our unit of analysis was the 15998 
pregnancies from these women. We conducted a multivariable logistic regression 
to relate tobacco use to infant mortality. Taylor linearized variance estimators were 
used to account for clustering by sampling unit and mother. 
RESULTS We found that smokeless tobacco in the form of a betel quid was the 
most common form of tobacco used during pregnancy. In multivariable logistic 
regression, we found increased odds of infant death for all tobacco use categories 
(smoked, smokeless), but that the strongest effects were seen for habits that 
included smokeless tobacco (relative to never use of tobacco in any form): 
exclusive use of smokeless tobacco (adjusted odds ratio, AOR=2.08; 95% CI: 
1.15–3.76), and poly-tobacco use (AOR=5.68; 95% CI: 1.03–31.46). In more 
detailed analyses that considered the composition of the betel quid (tobacco, 
areca nut/leaf, slaked lime), we found that even chewing of tobacco leaves with 
no processing or additives was associated with a three-fold increase in odds of 
infant death relative to a never user (AOR=3.05; 95% CI: 1.45–6.45). 
CONCLUSIONS We found that even among those pregnant women who limited their 
nicotine habit to chewing tobacco leaves with no processing or additives, there 
remained higher odds of fetal or infant death from that pregnancy.

ABBREVIATIONS NATSC: National Adult Tobacco Survey of Cambodia, CDC: Centers for Disease Control and Prevention, PRAMS: 
Pregnancy Risk Assessment Monitoring System, NIS: National Institute of Statistics (Ministry of Planning, Cambodia) 
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adverse fetal and infant outcomes of that pregnancy 
that include mortality, low birth weight, preterm 
birth, and a wide range of developmental outcomes 
observed at birth or evident in the epigenome1-3. This 
burden from adverse birth outcomes is compounded 
by the effect of maternal cigarette smoking during 
pregnancy on the excess risk of maternal morbidity 
during and after the pregnancy2. Globally, maternal 
cigarette smoking during pregnancy tends to occur 
among low-income women from health disparity 
populations (i.e. rurality, race/ethnicity) with barriers 
to adequate prenatal and preventive care4,5. 

Maternal smokeless tobacco use (i.e. e-cigarettes, 
snus, betel quid, iqmik) during pregnancy has a 
more complex risk profile according to the scientific 
literature6. The perceived safety or reduced harm of 
smokeless tobacco use during pregnancy has led to the 
use of smokeless tobacco as either a smoking cessation 
aid or as a normalized, culturally acceptable form of 
tobacco use for reproductive age and/or pregnant 
women. In recent trials in the UK, e-cigarettes have 
been shown to be slightly more effective than nicotine 
replacement therapy (prolonged abstinence of 6.8% 
versus 3.6%, p=0.02) in helping pregnant smokers 
quit their habitual smoking of combustible cigarettes7. 
In Norway and Sweden, pregnant smokers continue, 
in a self-directed manner, to use chewing tobacco in 
the form of ‘Swedish snus’ during pregnancy while 
decreasing their rate of smoking cigarettes8,9. Among 
Alaskan native women, where up to 79% of women 
use smoked or smokeless tobacco (iqmik) during 
pregnancy, there is a perception that smokeless 
tobacco use in the form of chewing a traditional 
tobacco product (iqmik) is safer10. In the Western 
Pacific Region, traditional medicine beliefs in rural 
Asia promote not only the belief in the safety of 
smokeless tobacco in the form of betel quid (tobacco, 
areca nut, areca leaf, slaked lime) but also the belief 
that this chewing tobacco product can help with 
pregnancy-related symptoms (morning sickness)11-14.

To estimate the risk attributable to e-cigarettes, 
the Pregnancy Risk Assessment Monitoring System 
(PRAMS) cohort followed up with 79176 pregnant 
women in the US and reported in 2021 that exclusive 
e-cigarette use during pregnancy was as harmful 
as exclusive use of combustible cigarettes – either 
product producing about twice the risk (relative to 

no maternal use of tobacco in any form) of adverse 
neonatal outcomes such as preterm birth and low birth 
weight15. A systematic review of 18 cohort studies that 
tested the association between maternal snus use and 
adverse neonatal outcomes found a pooled estimate 
from over one million pregnant women indicating an 
increased risk of neonatal apnea, stillbirth, premature 
birth, and oral cleft malformation16. A systematic review 
of eight studies of prenatal betel quid use and infant 
outcomes found that it was associated with a significant 
75% increase in odds of low birthweight17.	

The overall aim of the present study was to 
investigate the association between smoked tobacco, 
smokeless tobacco, and poly-tobacco use and infant 
mortality, in a national sample of reproductive-age 
women in Cambodia. Our study leverages 20 years of 
tobacco research capacity building by the Fogarty/NIH 
grants that have partnered with the National Institute 
of Statistics (Ministry of Planning, Cambodia), 
National Center for Health Promotion (Ministry of 
Health, Cambodia), WHO Cambodia, and Loma Linda 
University in a consortium to conduct nationally 
adult tobacco surveys of Cambodia (NASTC) during 
2006–202118. Since 2012, these surveys have been 
modeled after the CDC Global Adult Tobacco Survey 
format. The 2012 NATSC included a special survey 
supplement on tobacco use during current and past 
pregnancies and was used for this study. Our specific 
aims are as follows: 1) To examine whether maternal 
smokeless tobacco use with betel quid ingredients is 
associated with the risk of infant death; 2) To examine 
whether maternal smokeless tobacco use without 
betel quid ingredients is associated with risk of infant 
death; and 3) To examine whether poly-tobacco use 
is associated with risk of infant death.

METHODS
The methods of the National Adult Tobacco Survey 
of Cambodia (NATSC) 2012 have been previously 
described13,19. In this report, we describe the methods 
we used to study reproductive age (15–49 years) 
women of NATSC 2012 who responded to both 
the survey and a special survey supplement on 
reproductive health and birthing history.

Study population
NATSC 2012 was designed to be a nationally 
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representative tobacco survey of adults in Cambodia 
that was implemented by the National Institute 
of Statistics (NIS) in the Ministry of Planning 
of Cambodia. A sample of 15615 adults (aged 
≥15 years) was selected from 6294 households from 
all provinces. Similar to all previous national health 
surveys, the NIS surveys excluded institutional 
households (i.e. such as military barracks, prisons, 
hospitals, and residents of temples). The NATSC 
sample was assembled using a stratified, multi-
stage cluster sampling approach in which the 2008 
Cambodia General Population Census was used as a 
sampling frame. The approach stratified the country 
into 17 distinct census-derived survey domains that 
consisted of provinces or groups of similar provinces. 
Within each domain, 25–26 primary sampling units 
(PSU) were selected as villages or comparable urban 
units for a total of 437 PSUs. Enumeration areas were 
designated as blocks of households and became the 
next sampling stage. Trained NIS survey personnel 
implemented all enumeration and surveying of the 
selected households.

For this report, we selected the 5731 women from 
NATSC who had reported at least one pregnancy 
during their lifetime. From this sub-sample, we 
excluded 389 women who had missing data on either 
the pregnancy outcome (i.e. death up to a year after 
delivery) or smoking status. This produced a final 
sample of 5342 women who reported outcomes from 
15998 pregnancies that occurred during their lifetime. 

Written informed consent was obtained from each 
participant, and the protocols for the 2012 NATSC 
national survey and its sub-studies were approved 
by the Institutional Review Board of Loma Linda 
University (#5170182). 

Questionnaire 
Tobacco and health items
The NATSC items on tobacco were adapted from 
the CDC Global Adult Tobacco Survey (GATS). 
They included well-known modules on tobacco use, 
tobacco cessation, secondhand smoke exposure, 
economics, media exposure, and knowledge and 
attitudes. GATS items on smoked tobacco were 
adapted to the Cambodian experience to include 
manufactured cigarettes, hand-rolled cigarettes sold 
as a rural product, hand-rolled cigarettes by the 

smoker, pipe, waterpipe, and cigars. GATS items on 
smokeless tobacco that was chewed were adapted 
to the Cambodian experience to include smokeless 
tobacco chewed with no additives, smokeless tobacco 
with betel quid additives (areca leaf, areca nut, slaked 
lime), betel quid additives (areca leaf, areca nut slaked 
lime) chewed without smokeless tobacco use.

The GATS items on smoked and smokeless tobacco 
were administered with picture cards to help the 
subjects report the specific tobacco product they used 
and estimate the amount of tobacco used. This method 
was validated in a previously described sample of 201 
subjects in rural Cambodia, where questionnaire and 
picture card administration were compared to salivary 
cotinine testing. The findings demonstrated an 87% 
sensitivity, 94% specificity, and 93% positive predictive 
value in detecting cotinine levels >10 ng/mL, 
indicating a high accuracy. Moreover, the validation 
also revealed significant positive correlations with 
the number of cigarettes smoked and the amount of 
tobacco chewed, as measured by a pictogram20.

Reproductive health supplement
Reproductive-age women (15–49 years) were 
administered a special supplement asking about 
their tobacco use behaviors during current and past 
pregnancies. The supplement also included items on a 
comprehensive lifetime birthing history for all parous 
women, detailing maternal age at birth, child mortality 
before one and five years of age, and the current vital 
status of each child. Some of these items were adapted 
from the birth history section of the Demographic and 
Health Survey developed for Cambodia21.

Questionnaire-derived tobacco use definitions 
We defined smoked, smokeless, and poly-tobacco use 
as follows.

Smoked tobacco use 
We adapted the GATS survey items on the Smoked 
Tobacco section of the 2012 GATS template (CDC) 
to include the forms of tobacco use that are found 
in Cambodia, such as cigarettes, cigars, pipes, and 
waterpipes. For clarity, we combined validated picture 
cards of typical smoked tobacco products with the 
item administration. Picture cards were developed 
from qualitative studies of tobacco use in rural 
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Cambodia, and their use in a survey was validated by 
salivary cotinine20.

Smokeless tobacco use 
We adapted the GATS survey items on Chewing 
Tobacco to include the forms of tobacco use that are 
found in Cambodia and included betel quid with 
chewing tobacco (rural and/or self-made product), 
chewing tobacco without betel quid (rural and/
or self-made product), chewing tobacco from a tin 
(manufactured product). For clarity, we combined 
validated picture cards of chewing tobacco products 
with item administration. The picture card series also 
included a choice of betel quid products (areca nut, 
betel leaf, slaked lime) without chewing tobacco. 
Similar to the smoked tobacco section, picture 
cards for chewing tobacco were developed during 
qualitative studies of tobacco use in rural Cambodia, 
and their use on a survey was validated by comparison 
with salivary cotinine tests20. 

Poly-tobacco use 
Poly-tobacco use was defined as subjects indicating 
any use of both smoked and smokeless tobacco.

Maternal tobacco during pregnancy measures 
The GATS Template items we used allowed us to 
classify smoked, smokeless, and poly-tobacco by 
temporal domains of current daily use, former daily 
use, age at initiation, and age at cessation for former 
daily users. These items were used to determine 
tobacco use during the life course birthing history of 
each parous mother, where we had data available for 
maternal age at birth and the birth outcome. 

Statistical analysis
The unit of analysis was an individual pregnancy 
and produced a sample of 15998 pregnancies. To 
account for the stratified multi-stage cluster sample, 
we considered the provincial domain as the strata 
variable and accounted for clustering by village/
urban unit, enumeration area, and mother, by 
computing variances around means, proportions, 
and regression coefficients using a Taylor linearized 
variance approach that used a variance inflation factor 
to account for within-cluster homogeneity22.

Descriptive analyses included computing means 

and proportions with 95% confidence intervals for 
pertinent demographic, tobacco use, and reproductive 
health variables. To test hypotheses for each aim, we 
conducted multivariable logistic regression models 
with infant death (delivery through 1 year) as the 
dependent variable and main effects for tobacco 
use (ever/never, intensity) of ‘smoked tobacco only 
during the pregnancy’, ‘smokeless tobacco product 
use only during pregnancy’, and ‘poly-tobacco use 
during pregnancy’. Pertinent confounders selected 
based on the literature included maternal age at 
birth, ethnicity, marital status, income, education 
level, region, and exposure to secondhand smoke1,2. 
These confounders were tested individually and 
in a multivariable model through a typical change 
of estimate approach (i.e. confounder changes the 
main effect by 10% or more). We note that these 
confounders were highly correlated, poverty-related 
measures, and this poses a challenge for interpreting 
associations with the main effect variables. To account 
for this, we also controlled for confounding using 
well-known propensity score methods described by 
Austin et al.23. Briefly, we created a propensity score 
variable from the logistic probability function of a 
logistic model where tobacco use was the outcome 
and the confounders were included as covariables. 
The single term for the resulting propensity score 
was then used to control for multiple confounders in 
models relating infant death to tobacco. 

Statistical analyses were conducted using survey 
modules of SAS software (version 9.4; SAS Institute 
Inc. Cary, NC, USA) and SUDAAN software release 
9.0 (RTI International, Research Triangle Park, NC). 
A two-tailed test of statistical significance was used 
with an alpha of 0.05 for all analyses.

RESULTS
The NATSC sample we studied consisted of 15998 
births (unit of analysis) among 5342 mothers who, at 
the time of the survey, had a mean age of 44.3 years 
and had been pregnant at least once. Each mother 
had birthed a mean of 3 children (range: 1–14) and 
had an average age of 28.1 years (range: 15–50) at 
the time of birth. Among these births, the prevalence 
of tobacco use during pregnancy was 89.8% for never 
users (smoked or smokeless), 3.3% for exclusive 
users of smoked tobacco, 6.6% for exclusive users of 
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Table 1. Selected demographic characteristics by tobacco use patterns among  pregnant women enrolled in a 
national survey of adults in Cambodia (N=5342)

Characteristics All 
% (95% CI)

Non-user
% (95% CI)

Smoke only
% (95% CI)

Chewing only
% (95% CI)

Poly-tobacco user
% (95% CI)

Mean age at birth (years), 
mean (95% CI)

28.06 (27.89–28.23) 27.56 (27.39–27.73) 30.70 (29.47–31.94) 33.20 (32.55–33.85) 31.76 (24.56–28.95)

Ethnicity 

Khmer 97.41 (95.96–98.35) 97.78 (96.14–98.74) 84.21 (0.33–15.47) 98.70 (96.01–99.58) 96.43 (76.91–99.55)

Cham 1.32 (0.60–2.90) 1.45 (0.65–3.17) 0.33 (0.10–1.02) 0.79 (0.13–4.61)

Other 1.26 (0.88–1.81) 0.77 (0.46–1.29) 15.47 (10.59–22.03) 0.52 (0.21–1.26) 3.57 (0.45–23.09)

Religion 

Buddhist 98.01 (96.57–98.85) 98.31 (96.63–99.16) 87.37 (80.99–91.82) 98.72 (95.94–99.60) 96.43 (76.91–99.55)

Muslim 1.20 (0.52–2.76) 1.30 (0.56–3.01) 0.11 (0.11–0.77) 0.97 (0.22–4.26)

Christian 0.04 (0.01–0.19) 0.04 (0.01–0.25)

Other 0.64 (0.43–0.94) 0.33 (0.17–0.62) 9.70 (6.30–14.65) 0.31 (0.10–0.90) 3.57 (0.45–23.09)

None 0.12 (0.06–0.25) 0.03 (0.01–0.10) 2.82 (1.19–6.55)

Marital status 

Currently married 83.23 (81.77–84.60) 85.02 (83.54–86.40) 79.23 (71.45–85.32) 71.35 (64.93–77.01) 65.86 (30.62–89.40)

Separated 2.16 (1.70–2.73) 2.15 (1.69–2.73) 1.86 (0.61–5.51) 2.13 (0.84–5.27)

Divorced 2.07 (1.70–2.53) 2.18 (1.77–2.69) 1.38 (0.50–3.74) 1.60 (0.84–3.03)

Widower/widow 11.01 (9.86–12.28) 9.25 (8.14–10.50) 12.24 (7.29–19.84) 24.07 (19.09–29.97) 34.14 (10.60–69.38)

Living together 1.52 (1.11–2.09) 1.39 (0.99–1.95) 5.30 (2.79–9.83) 0.85 (0.25–2.90)

Education level (years)

0–6 81.66 (79.78–83.40) 80.35 (78.35–82.21) 89.32 (81.90–93.92) 93.37 (88.16–96.39) 100

7–12 17.54 (15.84–19.38) 18.81 (17.01–20.76) 10.45 (5.87–17.91) 5.71 (2.93–10.84)

>12 0.80 (0.56–1.13) 0.83 (0.60–1.16) 0.23 (0.03–1.64) 0.91 (0.20–4.02)

Daily income (US$)

<1 91.45 (89.96–92.74) 91.17 (89.59–92.52) 92.49 (84.47–96.54) 93.01 (86.88–96.40) 100

1–2 2.81 (2.22–3.56) 2.80 (2.21–3.54) 1.80 (0.28–10.66) 3.82 (1.65–8.56)

>2 to 3 2.23 (1.73–2.86) 2.31 (1.77–3.01) 0.43 (0.10–1.78) 2.72 (1.07–6.75)

>3 3.50 (2.69–4.55) 3.72 (2.82–4.89) 5.28 (2.15–12.42) 0.45 (0.13–1.55)

Occupation 

Does not work 14.83 (13.42–16.37) 14.33 (12.79–16.02) 8.20 (4.11–15.71) 20.26 (15.54–25.96) 32.77 (9.31–69.83)

Professional 0.53 (0.35–0.80) 0.57 (0.37–0.89) 0.34 (0.05–2.41) 0.13 (0.02–0.91)

Health professional 0.21 (0.12–0.37) 0.23 (0.12–0.41) 0.13 (0.02–0.94)

Nurse/midwife 0.06 (0.02–0.15) 0.05 (0.02–0.15) 0.19 (0.02–1.34)

Traditional/faith healer 0.12 (0.03–0.54) 0.10 (0.03–0.42) 0.99 (0.14–6.49)

Technical 0.61 (0.42–0.88) 0.70 (0.48–1.01)

Clerical 0.07 (0.03–0.16) 0.08 (0.04–0.18)

Service 0.36 (0.19–0.66) 0.39 (0.20–0.74) 0.13 (0.03–0.53)

Fireman/police 0.06 (0.02–0.14) 0.07 (0.03–0.16)

Sales 11.68 (10.10–13.47) 12.27 (10.53–14.24) 5.27 (2.62–10.35) 6.47 (3.90–10.53)

Tobacco farming/preparation 0.15 (0.05–0.47) 0.17 (0.06–0.54)

Farming, agriculture, livestock 65.35 (62.53–68.07) 65.21 (62.19–68.11) 73.82 (63.06–82.33) 69.65 (63.19–75.41) 60.32 (26.18–86.69)

Continued
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smokeless tobacco, and 0.2% for poly-tobacco users 
(smoked + smokeless). 

Birth demographics and tobacco exposure
By demographics, the births were characterized 
as being to mothers who were of Khmer ethnicity 
(98.01%), practiced Buddhism (98.01%), currently 
married (83.23%), had six years or less of education 
(81.66%), earned less than 1 US$ per day (91.45%), 
and resided in rural areas (83.36%). The most 
prevalent occupations for the birth mothers were 
farming, agriculture, or livestock handling.

Table 1 presents the prevalence (at the level of 
births) of maternal demographics by patterns of 
maternal tobacco use. Comparison of non-tobacco 
users with tobacco users during pregnancy (exclusive 
smokers, exclusive smokeless users, and poly-
tobacco users) indicated important differences across 
demographic and socioeconomic attributes. Tobacco-
using mothers during pregnancy were generally older, 
had lower income, and less education, particularly 
the poly-tobacco users, all of whom resided in rural 
areas. Specifically, exclusive smokers were older 
(mean age=30.70 years, 95% CI: 29.47–31.94) than 
non-smoking mothers, and exclusive smokeless 
tobacco users constituted the oldest subgroup (mean 
age=33.20 years, 95% CI: 32.55–33.85). Poly-tobacco 
users presented with the highest proportion of low-
income and limited education, with all reporting 
less than 1 US$ daily income and education of 0–6 
years. Indoor smoke exposure was more common 

in households of exclusive smoking or smokeless 
mothers (67.63% and 61.21%) and poly-tobacco users 
(59.31%). 

Associations between maternal tobacco 
exposure and infant mortality
Table 2 presents the adjusted odds ratios for infant 
mortality across three distinct models of maternal 
tobacco exposure during pregnancy. After adjusting 
for maternal age (Model 1), exclusive smokeless and 
poly-tobacco users exhibited significantly increased 
odds of infant mortality. Exclusive smokeless tobacco 
users exhibited approximately two-fold increased 
odds (adjusted odds ratio, AOR=2.08; 95% CI: 1.15–
3.76, p=0.015) compared to non-users. The odds 
increased among poly-tobacco users to approximately 
5.68-fold (AOR=5.68; 95% CI: 1.03–31.46, p=0.047). 
Meanwhile, exclusive smokers had a higher odds 
ratio than non-users, but it did not reach statistical 
significance (AOR=1.72; 95% CI: 0.51–5.79, p=0.38). 

We note that the odds ratios for poly-tobacco use 
and exclusive smokers were based on less than ten 
events. These trends remained even after adjusting 
for additional demographic covariates (Models 2 and 
3), such as ethnicity, marital status, income, education 
level, region, and secondhand smoke exposure. 
Exclusive smokeless tobacco users maintained a 
similar adjusted odds ratio of 2.04 (95% CI: 1.11–
3.74, p=0.022), and poly-tobacco users continued 
to display a markedly elevated risk, with an adjusted 
odds ratio of 5.54 (95% CI: 1.02–30.06, p=0.047). 

Characteristics All 
% (95% CI)

Non-user
% (95% CI)

Smoke only
% (95% CI)

Chewing only
% (95% CI)

Poly-tobacco user
% (95% CI)

Labor 3.67 (2.77–4.75) 3.44 (2.55–4.63) 9.68 (4.80–18.57) 1.99 (1.06–3.67) 6.92 (0.89–38.00)

Trades and crafts 2.31 (1.74–3.05) 2.34 (2.55–4.63) 1.43 (0.29–6.69) 1.32 (0.47–3.67)

Armed forces 0.04 (0.01–0.31) 0.05 (0.01–0.36)   

Residence 

Urban 16.64 (13.56–20.25) 17.69 (14.47–21.44) 12.61 (5.64–25.84) 6.68 (3.99–10.99)

Rural 83.36 (79.75–86.44) 82.31 (78.56–85.53) 87.39 (74.16–94.36) 93.32 (89.01–96.01) 100

Indoor smoke exposure

Allowed 45.31 (42.51–48.14) 42.25 (39.37–45.20) 67.63 (57.63–75.98) 61.21 (53.97–67.99) 59.31 (27.24–85.02)

Sometimes allowed 17.81 (15.88–19.91) 17.66 (15.64–19.87) 29.65 (21.13–39.86) 16.34 (11.73–22.29) 31.63 (10.34–64.99)

Never allowed 36.88 (34.06–39.80) 40.09 (37.10–43.15) 2.72 (1.01–7.14) 22.45 (17.01–29.03) 9.06 (1.88–34.15)

Table 1. Continued
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Further adjustment for secondhand smoke did not 
alter these trends (Model 3).

Influence of smokeless tobacco ingredients on 
infant mortality 
We conducted an analysis to investigate further 
the impact of adding other ingredients (areca nut, 
areca leaf, slaked lime) to the smokeless tobacco 
that is chewed as a quid during pregnancy (Figure 
1). We found that even those pregnant women 
who chewed a quid with only tobacco leaves (i.e. 
no addition of areca nut, areca leaf, or slaked lime) 
experienced a three-fold increase in the odds of infant 
mortality (AOR=3.05, 95% CI: 1.45–6.45, p=0.004) 
after adjusting for age at pregnancy, ethnicity, 
marital status, income, education level, region, and 
secondhand smoke exposure (Figure 1). This type of 
quid of unprocessed tobacco is depicted in Figure 2. 
For pregnant women who chewed quid that included 
the betel quid ingredients (tobacco, areca nut, areca 
leaf, and slaked), a 45% increase in odds was observed 
(AOR=1.45; 95% CI: 0.59–3.54), that did not reach 
statistical significance (p=0.42) (Figure 1).

Figure 2. Smokeless tobacco for chewing in rural Asia 
(the picture was collected during qualitative research 
on smokers in Cambodia and used in picture cards 
that accompany survey items)

Table 2. Multivariable models examining associations between tobacco use during pregnancy and infant 
mortality among  pregnant women enrolled in a national survey of adults in Cambodia (5342)

 Variables Model 1 Model 2 Model 3

AOR (95% CI) p AOR (95% CI) p AOR (95% CI) p

Tobacco exposure patterns during pregnancy

Never user (reference) 1 1 1

Exclusive smoker of tobacco 1.72 (0.51–5.79) 0.377 1.73 (0.50–6.07) 0.383 1.70 (0.49–5.92) 0.403

Exclusive smokeless user of tobacco 2.08 (1.15–3.76) 0.015 2.04 (1.11–3.74) 0.022 2.00 (1.09–3.69) 0.026

Poly-tobacco user (smoked and smokeless) 5.68 (1.03–31.46) 0.047 5.54 (1.02–30.06) 0.047 5.39 (1.00–29.17) 0.050

AOR: adjusted odds ratio. Model 1: adjusted for age at pregnancy only. Model 2: adjusted for age at pregnancy, ethnicity, marital status, income, education level, and region 
(urban/rural).  Model 3: adjusted as in Model 2 but including secondhand smoke exposure. 

Figure 1. Multivariable models examining the association between smokeless tobacco use and infant mortality 
among pregnant women enrolled in a national survey of adults in Cambodia (N=5342)

Models adjusted for age at pregnancy, ethnicity, marital status, income, education level, region (urban/rural), and secondhand smoke exposure. 
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DISCUSSION
There is very convincing evidence that the smoking 
of combustible cigarettes by pregnant women is a risk 
factor for fetal and neonatal death2,24,25. This evidence 
has led to clinical, public health, or cultural measures 
to help women quit or avoid smoking tobacco during 
pregnancy, through either total abstinence from all 
tobacco products or by only using a non-combustible 
tobacco product as a cessation aid (i.e. e-cigarette, 
nicotine replacement therapy) or cultural practice 
(i.e. snus, iqmik, betel quid). In some traditional 
medicine and midwife practices in rural Cambodia, 
our group has shown that smokeless tobacco is used 
by pregnant women for relief of morning sickness11-14. 
Our study of a national sample of Cambodian women 
has the strength that the only smokeless tobacco 
product available was chewing tobacco in the form of 
a quid that often included other traditional betel quid 
components used throughout Asia, such as areca nut, 
areca leaf, and slaked lime. 

Our major findings from Cambodia indicate that 
a significant, more than two-fold increase in odds of 
infant mortality was associated with the following 
habits in pregnant women: 1) exclusive smokeless 
tobacco use in the form of a tobacco quid that was 
chewed, and 2) poly-tobacco (smoked + smokeless) 
use. A further look at the betel quid survey items 
indicated that even when pregnant women chewed 
quid with only tobacco leaves (Figure 2), there 
remained a significant three-fold increase in odds of 
infant death. For smoked tobacco, we found a 70% 
increase in odds of infant death for prenatal use 
that did not attain significance. This may be due to 
the very low prevalence (<3%) of women smoking 
cigarettes in Cambodia and that traditional forms of 
smoking tobacco among women in rural areas (pipes, 
waterpipes) have declined during the past two decades 
due to urbanization. Our 2013 report12 did show that 
pregnant women in Cambodia smoking cigarettes and 
traditional pipes experience significantly higher odds 
of infant death.

Does smokeless tobacco use by pregnant 
women increase their risk of adverse pregnancy 
outcomes?
Our findings raise the possibility that when a pregnant 
person chews tobacco leaves with no processing 

other than washing in water and drying (Figure 2), 
there is a significant increase in the odds of infant 
death. These findings need further investigation in 
prospective designs. 

We note that our findings are concordant with 
data on maternal smokeless tobacco use from several 
nations. In India, an early cohort study of 1217 
women linked maternal use of smokeless tobacco 
products during pregnancy to a significant 2.6-
fold increase in stillbirth risk26. Specific smokeless 
tobacco products, such as mishri (powdered tobacco 
used orally, sometimes as a dentifrice) and gutka 
(commercially produced betel quid) were associated 
with significant 2.5-fold and 5.5-fold increases in risk, 
respectively26. In the US, a 2021 report15 from 72056 
pregnant women in the PRAMS study reveals that for 
exclusive users of e-cigarettes, there was a significant 
increase in the prevalence of low birth weight 
(adjusted prevalence ratio=1.88; 95% CI: 1.38–2.57) 
and preterm birth (adjusted prevalence ratio=1.69; 
95% CI 1.20–2.39). In a study of 2061514 births 
from the Swedish National Birth Registry, pregnant 
women using snuff during pregnancy experienced a 
significant 71% increase in odds of neonatal mortality 
and a three-fold increase in odds of Sudden Infant 
Death Syndrome27. Our work adds a new insight that, 
for pregnant women, chewing of smokeless tobacco 
with no processing or additive is associated with 
higher rates of infant death.

Mechanisms of smokeless tobacco use by 
pregnant women producing adverse birth 
outcomes
There is emerging evidence that maternal/fetal 
exposure to nicotine without combustion or additives 
can adversely affect the development and survival of 
the fetus. Nicotine exposure during pregnancy exerts 
its detrimental effects primarily through the induction 
of vasoconstriction in uteroplacental blood vessels, 
thereby reducing placental blood flow, oxygen, 
and nutrient delivery, leading to potential hypoxic 
conditions and impaired fetal development28,29. 
Additionally, nicotine exposure during critical periods 
of fetal development has been linked to epigenetic 
modifications that alter gene expression in vital 
organs, including the heart, lungs, and brain, with 
lasting effects on health and disease susceptibility30,31. 
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Our recent studies using pregnant rat models have 
revealed that both e-cigarette aerosol vaping and 
nicotine exposure during pregnancy lead to fetal 
programming of neurovascular and cardiovascular 
dysfunction in postnatal life. This programming 
occurs through epigenetic regulatory mechanisms, 
which involve alterations in DNA methylation, RNA 
methylation, and miRNA expression32-34. 

Our work showed a non-significant 45% increase in 
odds of infant death was associated with a pregnant 
woman in Cambodia chewing a betel quid with 
tobacco, areca nut, areca leaf, and slaked lime. The 
effect of areca nut, areca leaf, and slaked lime in this 
type of betel quid is unknown. It is noteworthy that 
the areca nut and leaf do contain plant-based alkaloids 
(arecaidine, arecoline, guvacine, and guvacoline) 
that are cholinergic agonists like nicotine. Mutagenic 
effects of these alkaloids have been shown in animal 
models. One potential explanation for the higher rate 
of infant death for tobacco-only quid products is that 
they have more tobacco than betel quid products with 
the areca nut/leaf. In previous studies of Cambodian 
women, our group has reported that those chewing 
smokeless tobacco exhibited cotinine levels that were 
comparable to male smokers20.

Implications for pregnant women who are poly-
tobacco users during pregnancy
Our data indicated that a significant five-fold increase 
in the odds of infant death was associated with poly-
tobacco use among pregnant women in Cambodia. We 
note from our data from several surveys that the rate 
of smoking cessation in Cambodia is <1%. Thus, we 
do not anticipate that any of the poly-tobacco users 
in the sample we studied were attempting smoking 
cessation by transitioning to some use of poly-tobacco 
use. We note that nicotine metabolism increases 
during pregnancy and it may be that pregnant women 
in Cambodia have increased tobacco use to the point 
of using all forms of available household tobacco 
(smokeless and smoked) to avoid nicotine withdrawal 
symptoms.

Our finding of particularly high risk of adverse 
pregnancy outcomes due to poly-tobacco (smokeless 
and smoked) use is concordant with data from several 
nations. In the US, nationwide PRAMS data indicated 
that women who used both cigarettes and e-cigarettes 

during late pregnancy had increased odds of small for 
gestational age (SGA) infants (OR=2.3; 95% CI: 1.3–
4.1)35. It is noteworthy that the poly-tobacco use harm 
in the PRAMS study was not lower than the exclusive 
use of combustible cigarettes (OR=1.7; 95% CI: 
1.1–2.7)36. Thus, from the PRAMS study, there is no 
evidence that transitioning to e-cigarettes necessarily 
reduces the harm of adverse birth outcomes.

Limitations
There are several limitations of our study that need 
discussion. First, similar to most national health 
surveys in the Western Pacific Region, we are using 
interviewer-reported data for tobacco use and birthing 
history. In Cambodian adults, we have validated 
these smoked and smokeless tobacco items against 
salivary cotinine20, and found correlation coefficients 
(questionnaire measures correlated with salivary 
cotinine) of >0.40. For the birthing history items, 
we used a birthing history survey that was developed 
for the Cambodian Demographic and Health Survey 
and has been used for national surveys for the past 
20 years. Secondly, the measurement units used for 
age at birth and age at tobacco cessation/initiation 
were years, introducing some measurement error in 
the maternal tobacco use during pregnancy measures. 
Furthermore, the NATSC 2012 data do not account 
for e-cigarette use, though its prevalence in Cambodia 
remains relatively low, accounting for <0.1% of the 
population in 2021, and it is also not a legal product. 
Finally, while we were able to assess less-than-daily 
usage for current users, these data were unavailable 
for former users, thereby limiting our ability to 
examine the effect of less-than-daily usage across 
birthing history. 

When considering causality, we note the limitation 
that these findings are from a cross-sectional 
design study and need further investigation using 
a prospective design to test whether prior exposure 
is associated with infant death. It is noteworthy that 
we are relating prior recalled exposure (i.e. based 
on self-reported age at initiation of tobacco) and 
thus have some temporal separation of exposure and 
disease. Also, we have not controlled for all possible 
confounders and thus some residual confounding 
remains. Generalizing these findings outside of rural 
Asia is also limited and more research is needed on the 
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effect of pregnant women using smokeless products in 
the context of high-income countries. Despite these 
limitations, our study provides significant evidence 
to support further prospective investigation into the 
relationship between poly-tobacco use and adverse 
birth outcomes. 

CONCLUSIONS
Among pregnant women in Cambodia, we found 
that several patterns of smokeless tobacco use were 
associated with an increase in the odds of infant 
death. We found that even when pregnant women 
limited their habit of chewing tobacco leaves with no 
processing or additives, there remained higher odds 
of fetal or infant death from that pregnancy. Our 
findings raise the possibility that use of smokeless 
tobacco products during pregnancy to reduce harm 
to the fetus may not protect against the risk of infant 
death. These trends need further investigation in 
prospective studies. 
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