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A B S T R A C T

Introduction: Dental caries is a chronic complex disease of multifactorial etiology that affects a quarter of U.S.
children. This study evaluated the association between prenatal smoking and offspring caries experience and
used a negative control exposure analysis to assess if the association is causal.
Methods: Data from 1429 mother-offspring participants of the 1991/92 Avon Longitudinal Study of Parents and
Children conducted in Bristol, England were analyzed. Prenatal smoking (yes v. no) and quantity smoked
(none,< half pack, ≥half pack) were self-reported while offspring caries experience was determined by clinical
oral examinations at 3 time points. Discrete time hazards regression estimated hazard odds of first occurrence of
offspring caries, and substituted partner smoking for prenatal smoking in a negative control exposure analysis.
Results: Overall, 22% smoked during pregnancy while 36% of partners smoked. The adjusted hazard odds of first
occurrence of caries experience in the offsprings of prenatal smokers compared to the offsprings of non-smokers
was 1.42 (95% CI: 1.08, 1.86). Relative to non-smoking, smoking<half pack/day and ≥half pack/day during
pregnancy were associated with higher adjusted hazard odds of offspring caries experience: 1.10 (95% CI: 0.79,
1.54) and 1.38 (0.98, 1.95) respectively. Partner smoking was associated with 33% (95% CI: 1.07, 1.65) higher
adjusted hazard odds of first offspring caries experience occurrence.
Conclusions: Prenatal and partner smoking appear associated with greater offspring caries experience. The po-
sitive association with partner smoking suggests either a shared genetic predisposition or unmeasured common
environmental factors with the mother as opposed to a direct biological effect of the intrauterine environment.

Implications

This is the first study to investigate if the relationship between
prenatal smoking and offspring caries is causal by utilizing a
negative control exposure method.

The negative impacts of prenatal smoking on offspring caries
experience is not limited to factors going on in the intrauterine
environment, the role of shared genetics with the partner is also
likely at play.

1. Introduction

Dental caries is a chronic complex disease of multifactorial etiology
(Chapple et al., 2017) that affects about a quarter of U.S. children (Dye
et al., 2015). Widely accepted risk factors are a susceptible tooth, fer-
mentable carbohydrates and caries bacteria. Given its multifactorial
etiology and chronic complex nature, the etiology of dental caries
comprises certain upstream risk factors —including prenatal ex-
posures— that promote a favorable oral environment for caries sus-
ceptibility, development and progression. One such exposure is ma-
ternal smoking during pregnancy (prenatal smoking).

The United States is one of 10 countries comprising 2/3rds of all
smokers worldwide (World Health Organization, 2013). While prenatal
smoking rates continue to decline (Tong et al., 2013), a 2010 U.S. data
from the World Health Organization suggests that 13.6% of women in
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obstetrics care smoke, with differences according to race/ethnicity and
socio-economic position (Samet et al., 2010). More recent data based on
the 2014 U.S. birth certificate records representing 95% of all births
that year indicate that 8.4% of women smoked at any time during their
pregnancy, with differences seen according to race/ethnicity and geo-
graphic location (Curtin and Matthews, 2016).

Maternal smoking during pregnancy alters fetal blood flow and
protein metabolism (Zhou et al., 2014) and exposes the growing fetus to
chemical toxins like nicotine through its direct metabolite (cotinine),
known to cross the placenta and accumulate in fetal tissues (Maritz,
2008). Indeed, prenatal smoking is consistently reported to have ne-
gative effects on the health of the offspring. Among these are re-
spiratory illnesses (Jurado et al., 2005; Metsala et al., 2008), cleft lip
and palate (Chung et al., 2000), attention deficit hyperactivity disorders
(Dong et al., 2018) as well as elevated systolic BP (Cabral et al., 2017).

Evidence linking prenatal smoking to offspring caries experience is
sparse and methodologically inadequate (Williams et al., 2000; Claudia
et al., 2016; Tanaka et al., 2015a, 2009b, 2015c; Majorana et al., 2014;
Iida et al., 2007; Schroth et al., 2013). In a study of 1576 women, the
association between prenatal smoking and offspring dental caries was
derived from multivariable adjusted models where prenatal smoking
was not the main exposure variable (Iida et al., 2007). Therefore,
findings may have been biased by adjusting for variables that are not
confounders. In another study, reliance only on mothers self-reported
offspring decay (Claudia et al., 2016) is subject to recall bias especially
for teeth missing for reasons (like trauma) other than dental decay and
for sealants accidentally recalled as dental restorations. For other stu-
dies, the emphasis was on post-natal exposure of the child to environ-
mental tobacco smoke (ETS) in the home (Williams et al., 2000; Tanaka
et al., 2015; Hanioka et al., 2011) and thus does not capture exposures
occurring prenatally. Among studies that specifically investigated pre-
natal smoking, smoking during pregnancy had to be recalled several
years after the pregnancy (Claudia et al., 2016; Tanaka et al., 2015a,
2009b, 2015c; Majorana et al., 2014), and therefore also subject to
under/mis-reporting and recall bias. Although a systematic review of
cross-sectional studies of prenatal smoking and offspring caries was
recently conducted, its findings were inconclusive and called for well-
designed longitudinal studies (Kellesarian et al., 2017).

The aims of this study were two-fold: 1) to assess whether prenatal
smoking and the quantity of cigarettes smoked during pregnancy were
associated with offspring dental caries experience; 2) using a negative
control exposure method to assess the potential causal nature of the
prenatal smoking-offspring caries experience by substituting maternal
smoking for partner smoking during pregnancy.

2. Methods

2.1. Data source and study population

The Avon Longitudinal Study of Parents and Children (ALSPAC), is a
population based prospective cohort study aimed at investigating en-
vironmental, genetic and other factors on the health and development
of children. Pregnant women living in three health districts in Bristol,
England with an expected date of delivery between April 1991 and
December 1992 were eligible. Of 14,541 pregnancies enrolled, 13,761
mothers with singleton live births participated in the study (Golding
et al., 2001; Fraser et al., 2013). Of those recruited at baseline, 63%
completed study questionnaires. Response rates were 89%, 75% and
69% at 2, 3, and 5 years respectively.

A random 10% sample of children born in the last 6 months
(June–December 1992) of the study were invited to participate in a sub-
study called the “children-in-focus” (CIF) study. The CIF sub-study al-
lowed for an extensive examination (including oral health assessments)
of the children in a way that could not be accomplished using ques-
tionnaires (Golding et al., 2001; Fraser et al., 2013). The CIF attended
research clinics at approximate 6-month intervals during the first

5 years of life and at 31, 43 and 61 months of age underwent dental
examinations conducted by dentists and health examiners (Golding
et al., 2001; Kay et al., 2010). Training for the health examiners were
done in six tutorial sessions totaling 16 h of training, accompanied by
an hour-long session of mock examination and replication on 30 chil-
dren. Reported kappa statistics for these health examiners was 0.63.

The current study was restricted to the CIF subsample because of
available data on objectively assessed dental caries status and data on
prenatal smoking collected contemporaneously during pregnancy.
Informed consent at the time of data collected followed the re-
commendations of the ALSPAC Ethics and Law Committee. The current
study was approved by the Institutional Review Board of Virginia
Commonwealth University as exempt (#: HM20011742) and our re-
porting adhered to the Strengthening the Reporting of Observational
studies in Epidemiology (STROBE) guidelines.

2.2. Exposure assessment and definition

2.2.1. Maternal smoking and quantity smoked during pregnancy
Smoking during pregnancy was reported on maternal-specific

questionnaires mailed during the course of pregnancy. For this in-
vestigation, we defined prenatal smoking as binary (yes/no). The
number of cigarettes smoked per day during pregnancy was pre-cate-
gorized into 0, 1–4, 5–9, 10–14, 15–19, 20–24, 25–29 and ≥30. To
estimate the total number smoked, we assigned the mean of the
grouped counts as the number smoked/day during pregnancy. For in-
stance, a value of 2.5 was assigned to the 1–4 cigarettes group, a value
of 7 to the 5–9 group etc. We subsequently categorized this into
none,< half pack (< 10 cigarettes) and ≥half pack (≥10 cigarettes)
for dose–response assessment.

2.3. Outcome assessment and definition

2.3.1. Dental caries in the offspring
Using the World Health Organization criteria (Kay et al., 2010;

Organization, 2013), the number of decayed, missing and filled teeth
(dmft) were assessed for caries experience at 31 mo., 43 mo. and 5 years
old. Given the irreversible nature of cavitated carious lesions, we car-
ried forward dmft values ≥ 1 among children with dmft > 0 at an
earlier time period (for instance at 43 mo.) but missing or scored as zero
at a later time period (for instance at 5 years old), only if missingness
was not due to non-attendance of clinic visit. For this study, we ana-
lyzed caries experience as dmft ≥ 1 (yes vs. no) and as total dmft count.
Given that caries experience is cumulative, we assigned total dmft
count as the maximum of the recorded number of dmft at 31 mo., 43
mo., and 5 years old.

2.4. Covariates

Maternal-specific factors: were self-reported or abstracted from the
medical records, (Fraser et al., 2013) and included maternal age at
birth- modeled as continuous; education (≤O-level, A-level, and college
degree); maternal race (white vs. non-white); breastfeeding duration
(never,< 6 months, ≥6 months).

Child-specific factors: were based on maternal reports on mailed-in
child-specific questionnaires or determined during clinical evaluation
of the CIF sample (Golding et al., 2001; Boyd et al., 2013). They in-
clude: child gender (male, female); perinatal and childhood illness
(chicken pox, measles, or rubella); frequency of daily tooth brushing
(< 2 times daily vs. ≥2 times daily); fluoride supplement use (yes vs.
no); dental visit within the past year (yes vs. no). Mothers of the CIF
subsample kept a 3-day food diary for their children, which the parent
ALSPAC study used to estimate total daily intake of sugars, carbohy-
drates, and several vitamins like C, D, E. Child dietary data is available
at multiple time points and this study considered total sugar intake at
18, 43 and 61 months. The child-specific factors outlined above were
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considered risk factors for caries experience during data analysis as
opposed to confounders because none of them preceded the exposure of
prenatal smoking.

The ALSPAC website contains details of all available data through a
fully searchable data dictionary and variable search tool that can be
accessed at: http://www.bristol.ac.uk/alspac/researchers/our-data/.

2.5. Statistical analysis

Data analysis was restricted to singleton births who were alive at
age 1 year. Descriptive analysis began with an exploration of the dis-
tribution of selected covariates for the children-in-focus sample and
children not selected for this subsample to assess if there were any
meaningful differences between them. Means and SDs were reported for
continuous variables while frequencies and relative frequencies were
reported for categorical variables. Covariates included as confounders
and outcome (offspring caries experience) risk factors were determined
after analyzing a directed acyclic graph (Greenland et al., 1999;
Akinkugbe et al., 2016) – Appendix B; Fig. 1. Regression analyses of the
potential association between prenatal smoking and offspring caries
experience were modeled in three ways: 1) we utilized log-binomial
regression models to estimate the 31-month, 43-month and 5-year risks
of objectively determined offspring dental caries experience (i.e.
dmft ≥ 1) and the corresponding risk ratios (RR) and 95% confidence
intervals (C.I); 2) we used a discrete time hazards regression
(Richardson, 2010)) to estimate the hazard odds ratio (HOR) and 95%
C.I. of first caries experience occurrence (see Appendix A for more
detail); 3) we used a zero-inflated negative binomial (ZINB) regression
(Preisser et al., 2012, 2016) to estimate the prenatal smoking associa-
tion on total dmft count and evaluated the fit of the ZINB model using
the Vuong’s test (see Appendix A for more detail). We assessed likely
dose–response association according to number of cigarettes smoked
per day (none,< half pack, ≥half pack) during pregnancy with off-
spring caries experience for the methods of analyses previously de-
scribed.

2.6. Assessment of effect measure modification

Given previously reported differences in tooth eruption times by
gender, (Ntani et al., 2015; Bastos et al., 2007; Lukacs and Largaespada,
2006) and those suggesting that prenatal smoking promotes early tooth
eruption (Ntani et al., 2015) and thus, a precursor for caries experience

(Law and Seow, 2006; Caufield et al., 2012) we assessed likely effect
measure modification (EMM) between prenatal smoking and offspring
caries experience according to child gender. We accomplished this by
including product interaction terms between prenatal smoking and
child gender to assess if the joint effects on offspring decay are multi-
plicative. Statistically significant interaction was set apriori at p < 0.1
and we found no significant EMM between prenatal smoking and child
gender hence, gender stratified results were not presented.

2.7. Sensitivity analysis

2.7.1. Negative control exposure analysis
Utilizing negative controls is an approach for drawing causal in-

ference from studies of epidemiologic birth cohorts (Richmond et al.,
2014). A negative control exposure is an exposure that does not involve
the same causal mechanism as the exposure of interest but likely share
similar social factors and sources of bias (Richmond et al., 2014; Smith,
2008) (see Appendix A for more detail).

For this study, we substituted self-reported partner smoking in the
home during the 18th week of gestation for prenatal smoking to assess
if any association is purely environmental and/or due to shared ge-
netics (in which case the associations will be similar) or mostly due to
intrauterine factors in which case, maternal smoking will show an in-
dependent association with offspring caries. If the effect of prenatal
smoking on offspring caries is a direct biologic effect of intrauterine
factors, then the association is expected to be much stronger for ma-
ternal than for paternal smoking.

2.8. Multiple imputation

Multiple imputation was performed for missing data using chained
equations (White et al., 2011). We imputed the following variables with
missing observations: the number of decayed, missing and filled teeth at
31, 43 and 61 months; mean sugar intake at 18, 43 and 61 months. We
also imputed other covariates with missing observations, and the ex-
posures (prenatal smoking and quantity smoked). Refer to Appendix C;
Table 1 for the proportion of missing covariates that were imputed. A
total of 50 datasets were imputed using 500 between imputation
iterations. Trace plots (Appendix B; Fig. 3) assessed how the imputation
algorithm performed, while kernel density plots (Appendix B; Fig. 4)
assessed deviation of imputed values from observed. Multiple imputa-
tion was done using the PROC MI and MIANALYZE procedures in SAS

Fig. 1. Adjusted associations between prenatal smoking and quantity smoked with the 31, 43 and 61-month risk of and offspring caries experience: Avon
Longitudinal Study of Parents and Children.

A.A. Akinkugbe, et al. Preventive Medicine Reports 20 (2020) 101201

3

http://www.bristol.ac.uk/alspac/researchers/our-data/


that assumes data are missing at random (MAR). The results from each
imputed dataset were summarized using Rubin’s rule (Rubin, 1987)
into an overall estimate to account for both within and between im-
putation variances. All analyses were conducted in SAS v.9.4 (SAS In-
stitute, Cary NC).

3. Results

Table 1 shows the distribution of selected covariates for the CIF
sample and children not selected for the CIF sub-study. Mothers of the
CIF sample were on average older, more likely to be aged between 25
and 35 years and to have advanced education as compared to mothers
of children not selected for the CIF sample.

Overall, 22% percent of the mothers smoked during pregnancy,
14% smoked < half pack/day and 7.9% smoked ≥half pack/day
during pregnancy. Three percent of the children had dmft ≥ 1 at
31 months, 16% and 31% at 43 months and 61 months respectively.
The average time under study was 55 months for children of mothers
who reported smoking during pregnancy and 57 months for children of
mothers who did not smoke during pregnancy. Thirty-three percent of
the children of non-smoking mothers developed caries at some point
during follow-up with a mean dmft count of 0.33 as compared to 46%
of children whose mothers smoked during pregnancy with a mean dmft
count of 1.58 (Table 2).

Offspring caries experience risk in the prenatal smoking group was
4%, 21% and 38% at 31, 43 and 61 months respectively (Table 3).
Further, prenatal smoking was associated with 41% increased risk of
offspring caries (95% CI: 1.03, 1.91) at 43 months and a 30% (95% CI:
1.08, 1.58) increased risk at 61 months as compared to the risk in non-
smoking mothers. Upon covariate adjustment, prenatal smoking re-
tained its positive association with offspring caries experience, how-
ever, the magnitudes of the associations were smaller and less precisely

estimated (Fig. 1).
The adjusted hazard odds of first occurrence of offspring caries for

prenatal smoking in contrast with no prenatal smoking was 1.42 (95%
CI: 1.08, 1.86). Similarly, there appeared to be a dose–response increase
in the hazard odds of caries experience according to the quantity of
cigarettes smoked per day during pregnancy. Compared to children of
non-smoking mothers, children whose mothers smoked<half pack/
day were 10% more likely to experience caries while children of mo-
thers who smoked ≥half pack/day were 38% (95% CI: 0.98, 1.95)
more likely to experience caries (Table 4). Each additional half pack of
cigarettes smoked per day increased the hazard odds of first offspring
caries experience occurrence by 34% (95% CI: 1.05, 1.71). Findings
from the ZINB model were consistent with increased caries experience
according to prenatal smoking status as well as a dose–response asso-
ciation with quantity smoked (Appendix C; Table 2). Furthermore, the
latent or logistic part (see Appendix A) of the ZINB model was con-
sistent with an inverse association between prenatal smoking and off-
spring caries. In other words, prenatal smoking was associated with
having fewer zeros (i.e. no caries experience) while the non-smoking
group had more zeros. Results of complete case analysis (i.e. data
analysis without imputation) were consistent in magnitude and direc-
tion as the analysis with imputed observations (Appendix D; Tables
1–3).

3.1. Negative control exposure sensitivity analysis

Partner smoking was associated with unadjusted and adjusted risk
of offspring caries experience at 43 months of 1.39 (95% CI: 1.06, 1.82)
and 1.24 (95% CI: 0.93, 1.65) respectively and 1.29 (95% CI: 1.07,
1.55) and 1.14 (95% CI: 0.95, 1.38) at 61 months respectively
(Table 5).

The corresponding estimates for prenatal smoking were respec-
tively, 1.41 (95% CI: 1.03, 1.91) and 1.24 (95% CI: 0.90, 1.71) at
43 months and 1.30 (95% CI: 1.08, 1.58) and 1.12 (95% CI: 0.92, 137)
at 61 months. This was also the case for the hazard odds ratios, but the
magnitude was slightly diminished for partner smoking when compared
to maternal smoking (Table 4).

4. Discussion

In this prospective cohort study, both maternal- and partner-
smoking during pregnancy were associated with slightly increased risk
of dental caries developing in the offspring. Further, we found a posi-
tive dose–response association with the quantity of cigarettes smoked
per day during pregnancy with respect to offspring caries experience.

Although we were unable to assess tooth eruption patterns in this
study, Ntani and colleagues (Ntani et al., 2015) reported that children

Table 1
Distribution of selected covariates between children selected and those not
selected for the Children-in-focus (CIF) sub-study: Avon Longitudinal Study of
Parents and Children.

CIF sample
(n = 1429)

Not in CIF sample
(n = 13,449)

Maternal characteristics
Prenatal Smoking 305 (22) 3300 (30)
missing 51 2562
Age at delivery, mean (IQR) 29 (26, 32) 28 (25, 31)

Age at delivery (yrs.)
15–24 240 (17) 3098 (25)
25–35 1072 (75) 8588 (69)
36–44 116 (8) 851 (7)
Missing 1 912

Education
O-level or less 819 (60) 7201 (65)
A-level 344 (25) 2443 (22)
College degree 199 (15) 1400 (13)
Missing 67 2405

Race
White 1333 (98) 10,662 (97)
Non-white 31 (2) 292 (3)
Missing 64 2495

Child characteristics
Gender
Male 772 (54) 6828 (51)
Female 657 (46) 6621 (49)

Race
White 1293 (96) 10,169 (95)
Non-white 47 (4) 562 (5)
Missing 89 2718

CIF – Children in Focus.

Table 2
Mean time under study, caries experience proportion and losses to follow-up
according to prenatal smoking status and quantity smoked during pregnancy,
ALSPAC study (n = 1429).

Prenatal smoking Quantity smoked/day

No Yes 1–9 ≥10

1,114
(78%)

315 (22%) 202 (14%) 113 (8%)

Mean time under study
(months)

56.7 55.0 54.7 55.9

Caries experience (% with
dmft ≥ 1)

32.9% 45.7% 43.4% 49.8%

Mean dmft count 0.332 1.577 1.370 1.959
Losses to follow-up 33.2% 49.1% 46.8% 53.3%

Estimates presented in this table are averages from 50 rounds of multiple im-
putation, combined using the Rubins rule.
dmft-number of decayed, missing and filled teeth.
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whose mothers smoked during pregnancy had more teeth erupted at
ages 1 and 2 years compared to similarly aged children whose mothers
did not smoke. This suggests that prematurely erupted teeth are likely
more susceptible to Mutan Streptococci (caries bacteria) colonization
(Law and Seow, 2006; Caufield et al., 2012) by way of exposure to
frequent infant feedings and the corresponding oral environment longer
than teeth that are not prematurely erupted and by extension, more
opportunity for caries development. Other studies indicate that prenatal
smoking (Jaddoe et al., 2008) is associated with low-birth weight and
prematurity, conditions reported to increase the risk for developmental
enamel defects (Caufield et al., 2012; Vello et al., 2010), that are highly
susceptible to cariogenic bacteria (Plonka et al., 2013; Salanitri and
Seow, 2013) in the presence of fermentable carbohydrates (Caufield
et al., 2012).

The positive prenatal smoking association on offspring caries ex-
perience we observed at a younger age persisted to older ages and
suggest that exposures in-utero may have detrimental oral health effects
later in the life of the child. This is surprising given the expectation that
caries when the child is older may be largely dependent on several
factors including the child’s oral hygiene habits as opposed to prenatal
exposures. Nevertheless, the association in older children that we re-
ported persisted even after adjusting for dental visit, sugar intake,
fluoride supplement use and frequency of daily tooth brushing.

The magnitude of the estimates we reported for prenatal and
partner smoking were dependent on the regression models we used. In
our log-binomial regression estimating risk ratios and 95% C.I., the
estimated risk ratios for partner smoking was of similar or of slightly
higher magnitude than maternal smoking, while in the discrete time
hazard regression, we found a higher magnitude for maternal smoking
than for partner smoking. Nevertheless, our findings suggest that the
association between prenatal smoking and offspring caries experience is
not limited to events occurring in-utero. Indeed, the role of shared
genetics with the partner and potential residual confounding by shared
environmental factors are likely also at play.

4.1. Implications for clinical practice and public health

Cigarette smoking in women of reproductive age is becoming in-
creasingly concentrated among the young, socioeconomically dis-
advantaged and those with lower educational attainment (Higgins
et al., 2009; Kandel et al., 2009). This is especially concerning given the
consequent adverse health risks to the mother and child if these women
go on to have unplanned pregnancies. Health care providers, members
of allied health professions, and community health workers must be
involved as partners to improve a mother’s knowledge and under-
standing of smoking’s impacts on her pregnancy and child’s oral health
outcomes. A national consensus statement of the maternal and child
oral health resource center (Workgroup, 2012) recommends that in
addition to eliciting medical and dental histories, health professionals
should review tobacco, alcohol, and recreational drug use patterns and
provide patient centered resources and actions steps to mitigate these
substance use behaviors. Recent data on tobacco use prevalence in a
national sample of pregnant U.S. women suggest that cigarette use is
not only problematic, use of non-cigarette tobacco products like e-ci-
garettes, and hookahs are also prevalent and should be included in
routine clinical screening for tobacco use (Kurti et al., 2017). Indeed,
more tobacco control and regulatory efforts to increase health care
provider awareness and promote more consistent messaging on the
prevalence and risks of cigarettes and other non-cigarette tobacco
products use during pregnancy is important. These tobacco control and
regulatory efforts should extend beyond pregnant to women of

Table 3
Risks and relative risks of the association between prenatal smoking and offspring caries experience: Avon Longitudinal Study of Parents and Children (N = 1429).

Total N 31 months 43 months 61 months

N cases Risk* Unadjusted
RR (95% CI)*

N cases Risk* Unadjusted
RR (95% CI)***

N cases Risk* Unadjusted
RR (95% CI)***

Prenatal smoking
No 1114 31 0.028 Ref. 166 0.149 Ref. 320 0.287 Ref.
Yes 315 13 0.040 1.38 (0.61, 3.10) 66 0.209 1.41 (1.03, 1.91) 118 0.375 1.30 (1.08, 1.58)

Quantity smoked
None 1114 32 0.028 Ref. 166 0.148 Ref. 320 0.287 Ref.
< 10 202 5 0.026 0.87 (0.26, 2.87) 41 0.203 1.36 (0.96, 1.94) 71 0.353 1.23 (0.97, 1.55)
≥10 113 7 0.065 2.21 (0.79, 6.19) 25 0.221 1.47 (0.93, 2.33) 47 0.415 1.44 (1.09, 1.91)
Trend estimate 1.80 (1.04, 3.10) 1.30 (1.02, 1.67) 1.20 (1.03, 1.40)

*unadjusted risks of decayed, missing and filled teeth (dmft) ≥1 at the respective time periods.
Trend estimate is for each additional 10 cigarettes smoked during pregnancy.
All estimates were averages from 50 rounds of multiple imputation combined using Rubin’s rule and the variance a function of the within and between completed
dataset variances.

Table 4
Unadjusted and adjusted rates of first occurrence of offspring caries experience
over the study period: Avon Longitudinal Study of Parents and Children
(n = 1429).

Hazard OR (95% C.I.)* Hazard OR (95% C.I.)**

Prenatal smoking
No Ref. Ref.
yes 1.62 (1.27, 2.07) 1.42 (1.08, 1.86)

Quantity smoked
None Ref. Ref.
1–9 1.10 (0.79, 1.53) 1.10 (0.79, 1.54)
≥10 1.64 (1.19, 2.27) 1.38 (0.98, 1.95)
Trend estimate 1.52 (1.21, 1.90) 1.34 (1.05, 1.71)

Partner smoking
No Ref. Ref.
Yes 1.50 (1.22, 1.85) 1.33 (1.07, 1.65)

*Unadjusted.
**Adjusted.
Trend estimate is for each additional 10 cigarettes smoked per day.
Discrete time hazards regression.
All estimates were averages from 50 rounds of multiple imputation combine
using Rubin’s rule and the variance a function of the within and between
completed dataset variances.
* Adjusted for breastfeeding status (never< 6, ≥6months); maternal age at
birth; maternal education; maternal race; child gender; and sugar intake at
18 months.
** Adjusted for breastfeeding status (never< 6, ≥6months); maternal age at
birth; maternal education; maternal race; child gender; history of childhood
illness (chicken pox, measles, or rubella); brushing frequency at 38 or
54 months; dental visit at 38 or 54 months and sugar intake at 43 or 61 months.
Partner smoking during the 18th week of gestation adjusts for the same vari-
ables as prenatal smoking as well as whether the partner is the child’s biological
father.
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reproductive age.

4.2. Strengths and limitations

Data on prenatal smoking while collected during pregnancy was
self-reported and may be subject to incomplete or under-reporting. Oral
examination data was available only on a fraction of the children and
the methodology used (i.e. dmft index) measured cavitated lesions. This
is in contrast to contemporary methods like the international caries
detection and assessment system (ICDAS) that records dental caries on a
continuum that includes incipient lesions. In spite of this, the under-
lying biologic mechanism for the proposed association is undated and
applicable even today. The non-diverse study population may limit
statistical inference to other population subgroups but not necessarily
the scientific inference of our findings (Rothman et al., 2013). While the
prevalence of prenatal smoking (22%) in the ALSPAC cohort
(Macdonald-Wallis et al., 2011) was higher than contemporary U.S.
benchmarks of 9–14%, (Kurti et al., 2017; Berlin and Oncken, 2018)
25% of 5 year-olds in the ALSPAC study experienced caries, (Kay et al.,
2010) as have similarly aged contemporary U.S. children (Dye et al.,
2015). Our definition of smoking during pregnancy was time invariant
and ignores the fact that smoking during pregnancy may be more
harmful when used at certain points in pregnancy than others. Future
studies should consider smoking during pregnancy and whether tri-
mester of pregnancy smoking occurred is associated with differing
offspring caries experience risk. Arbitrarily assigning the grouped
average as the number of cigarettes smoked per day could have un-
derestimated or overestimated the actual number smoked per day for
those who smoked less or more than the average assigned respectively.

Study strengths include the longitudinal nature and the ability to
minimize temporal ambiguity. Availability of contemporaneously col-
lected prenatal smoking information is an added strength because this
information is unbiased by parental knowledge of any conditions the
child might develop. Furthermore, the availability of objectively as-
sessed oral examination data at three time points represents another of
this study’s strengths. Lastly, the relatively large study sample and
availability of covariate information on the mother and child allowed
for a control of relevant confounding factors as well as outcome risk
factors.

CRediT authorship contribution statement

Aderonke A. Akinkugbe: Conceptualization, Methodology, Formal
analysis, Writing - original draft, Writing - review & editing, Funding
acquisition. Tegwyn H. Brickhouse: Conceptualization, Writing - re-
view & editing, Funding acquisition. Marcelle M. Nascimento:
Methodology, Writing - review & editing. Gary D. Slade: Formal

analysis, Writing - review & editing.
.

Acknowledgements

We are extremely grateful to all the families who took part in this
study, the midwives for their help in recruiting them, and the whole
ALSPAC team, which includes interviewers, computer and laboratory
technicians, clerical workers, research scientists, volunteers, managers,
receptionists and nurses. The UK Medical Research Council, the
Wellcome Trust (Grant ref: 102215/2/13/2) and the University of
Bristol provide core support for ALSPAC. This publication is the work of
the authors and the authors will serve as guarantors for the contents of
this paper.

This work was supported by the National Institutes of Health/
National Institute of Dental and Craniofacial Research (Grant No.:
R03DE028403 and L40DE028120). The views expressed are solely the
authors and does not represent the official views of the NIH/NIDCR.
The funding source had no involvement in the design, analysis, inter-
pretation or decision to submit this article for publication.

Conflicts of interest

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.pmedr.2020.101201.

References

Akinkugbe, A.A., Sharma, S., Ohrbach, R., Slade, G.D., Poole, C., 2016. Directed acyclic
graphs for oral disease research. J. Dent. Res.

Bastos, J.L., Peres, M.A., Peres, K.G., Barros, A.J., 2007. Infant growth, development and
tooth emergence patterns: A longitudinal study from birth to 6 years of age. Arch.
Oral Biol. 52 (6), 598–606.

Berlin, I., Oncken, C., 2018. Maternal smoking during pregnancy and negative health
outcomes in the offspring. Nicotine Tob. Res.

Boyd, A., Golding, J., Macleod, J., et al., 2013. Cohort Profile: the ‘children of the 90s'–the
index offspring of the Avon Longitudinal Study of Parents and Children. Int. J.
Epidemiol. 42 (1), 111–127.

Cabral, M., Fonseca, M.J., González-Beiras, C., Santos, A.C., Correia-Costa, L., Barros, H.,
2017. Maternal smoking: a life course blood pressure determinant? Nicotine Tob. Res.

Caufield, P.W., Li, Y., Bromage, T.G., 2012. Hypoplasia-associated severe early childhood
caries–a proposed definition. J. Dent. Res. 91 (6), 544–550.

Chapple, I.L., Bouchard, P., Cagetti, M.G., et al., 2017. Interaction of lifestyle, behaviour
or systemic diseases with dental caries and periodontal diseases: consensus report of
group 2 of the joint EFP/ORCA workshop on the boundaries between caries and
periodontal diseases. J. Clin. Periodontol. 44 (Suppl. 18), S39–s51.

Chung, K.C., Kowalski, C.P., Kim, H.M., Buchman, S.R., 2000. Maternal cigarette smoking

Table 5
Negative control exposure analysis of the association between partner smoking and offspring caries experience: Avon Longitudinal Study of Parents and Children
(=1429).

Partner smoking Total N Dmft31 Dmft43 Dmft61

N Cases Unadjusted Adjusted* N Cases Unadjusted Adjusted** N Cases Unadjusted Adjusted**

RR (95% CI) RR (95% CI) RR (95% CI)

No 911 24 Ref. Ref. 129 Ref. Ref. 253 Ref. Ref.
Yes 517 20 1.46

(0.73, 2.93)
1.19
(0.71, 2.01)

102 1.39
(1.06, 1.82)

1.24
(0.93, 1.65)

185 1.29
(1.07, 1.55)

1.14
(0.95, 1.38)

All estimates were averages from 50 rounds of multiple imputation combined using Rubin’s rule and the variance a function of the within and between completed
dataset variances.
* Adjusted for breastfeeding status (never< 6, ≥6months); maternal age at birth; maternal education; maternal race; child gender; sugar intake at 18 months and
whether partner is the biologic father.
** Adjusted for breastfeeding status (never< 6, ≥6months); maternal age at birth; maternal education; maternal race; child gender; history of childhood illness
(chicken pox, measles, or rubella); brushing frequency at 38 or 54 months; dental visit at 38 or 54 months; sugar intake at 43 or 61 months and whether partner is the
biologic father.

A.A. Akinkugbe, et al. Preventive Medicine Reports 20 (2020) 101201

6

https://doi.org/10.1016/j.pmedr.2020.101201
https://doi.org/10.1016/j.pmedr.2020.101201
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0005
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0005
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0010
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0010
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0010
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0015
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0015
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0020
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0020
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0020
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0025
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0025
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0030
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0030
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0035
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0035
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0035
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0035
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0040


during pregnancy and the risk of having a child with cleft lip/palate. Plast. Reconstr.
Surg. 105 (2), 485–491.

Claudia, C., Ju, X., Mejia, G., Jamieson, L., 2016. The relationship between maternal
smoking during pregnancy and parental-reported experience of dental caries in
Indigenous Australian children. Commun. Dent. Health 33 (4), 297–302.

Curtin, S.C., Matthews, T.J., 2016. Smoking prevalence and cessation before and during
pregnancy: data from the birth certificate, 2014. Natl. Vital. Stat. Rep. 65 (1), 1–14.

Dong, T., Hu, W., Zhou, X., et al., 2018. Prenatal exposure to maternal smoking during
pregnancy and attention-deficit/hyperactivity disorder in offspring: A meta-analysis.
Reprod. Toxicol. 76, 63–70.

Dye B.A., Thornton-Evans G., Li X., Iafolla T.J., (2015). Dental Caries and Sealant
Prevalence in Children and Adolescents in the United States, 2011–2012.

Fraser, A., Macdonald-Wallis, C., Tilling, K., et al., 2013. Cohort profile: the Avon long-
itudinal study of parents and children: ALSPAC mothers cohort. Int. J. Epidemiol. 42
(1), 97–110.

Golding, J., Pembrey, M., Jones, R., Team AS, 2001. ALSPAC–the Avon longitudinal study
of parents and children. I. Study methodology. Paediatr. Perinat. Epidemiol. 15 (1),
74–87.

Greenland, S., Pearl, J., Robins, J.M., 1999. Causal diagrams for epidemiologic research.
Epidemiology 10, 37–48.

Hanioka, T., Ojima, M., Tanaka, K., Yamamoto, M., 2011. Does secondhand smoke affect
the development of dental caries in children? A systematic review. Int. J. Environ.
Res. Public Health 8 (5), 1503–1519.

Higgins, S.T., Heil, S.H., Badger, G.J., Skelly, J.M., Solomon, L.J., Bernstein, I.M., 2009.
Educational disadvantage and cigarette smoking during pregnancy. Drug Alcohol
Depend. 104 (Suppl. 1), S100–105.

Iida, H., Auinger, P., Billings, R.J., Weitzman, M., 2007. Association between infant
breastfeeding and early childhood caries in the United States. Pediatrics 120 (4),
E944–E952.

Jaddoe, V.W., Troe, E.J., Hofman, A., et al., 2008. Active and passive maternal smoking
during pregnancy and the risks of low birthweight and preterm birth: the Generation
R Study. Paediatr. Perinat. Epidemiol. 22 (2), 162–171.

Jurado, D., Munoz, C., Luna Jde, D., Munoz-Hoyos, A., 2005. Is maternal smoking more
determinant than paternal smoking on the respiratory symptoms of young children?
Respir. Med. 99 (9), 1138–1144.

Kandel, D.B., Griesler, P.C., Schaffran, C., 2009. Educational attainment and smoking
among women: risk factors and consequences for offspring. Drug Alcohol Depend.
104 (Suppl. 1), S24–33.

Kay, E.J., Northstone, K., Ness, A., Duncan, K., Crean, S.J., 2010. Is there a relationship
between birthweight and subsequent growth on the development of dental caries at 5
years of age? A cohort study. Commun. Dent. Oral Epidemiol. 38 (5), 408–414.

Kellesarian, S.V., Malignaggi, V.R., de Freitas, P., Ahmed, H.B., Javed, F., 2017.
Association between prenatal maternal cigarette smoking and early childhood caries.
A systematic review. J. Clin. Exp. Dent. 9 (9), e1141–e1146.

Kurti, A.N., Redner, R., Lopez, A.A., et al., 2017. Tobacco and nicotine delivery product
use in a national sample of pregnant women. Prev. Med. 104, 50–56.

Law, V., Seow, W.K., 2006. A longitudinal controlled study of factors associated with
mutans streptococci infection and caries lesion initiation in children 21 to 72 months
old. Pediatr. Dent. 28 (1), 58–65.

Lukacs, J.R., Largaespada, L.L., 2006. Explaining sex differences in dental caries pre-
valence: saliva, hormones, and “life-history” etiologies. Am. J. Hum. Biol. 18 (4),
540–555.

Macdonald-Wallis, C., Tobias, J.H., Davey Smith, G., Lawlor, D.A., 2011. Parental
smoking during pregnancy and offspring bone mass at age 10 years: findings from a
prospective birth cohort. Osteoporos. Int. 22 (6), 1809–1819.

Majorana, A., Cagetti, M.G., Bardellini, E., et al., 2014. Feeding and smoking habits as
cumulative risk factors for early childhood caries in toddlers, after adjustment for
several behavioral determinants: a retrospective study. BMC Pediatr. 14, 45.

Maritz, G.S., 2008. Nicotine and lung development. Birth Defects Res. C Embryo Today 84
(1), 45–53.

Metsala, J., Kilkkinen, A., Kaila, M., et al., 2008. Perinatal factors and the risk of asthma

in childhood–a population-based register study in Finland. Am. J. Epidemiol. 168 (2),
170–178.

Ntani, G., Day, P.F., Baird, J., et al., 2015. Maternal and early life factors of tooth
emergence patterns and number of teeth at 1 and 2 years of age. J. Dev. Origins
Health Dis. 6 (4), 299–307.

Organization WH, 2013. Oral Health Surveys: Basic Methods. World Health Organization.
Plonka, K.A., Pukallus, M.L., Barnett, A.G., Holcombe, T.F., Walsh, L.J., Seow, W.K.,

2013. A longitudinal case-control study of caries development from birth to 36
months. Caries Res. 47 (2), 117–127.

Preisser, J.S., Stamm, J.W., Long, D.L., Kincade, M.E., 2012. Review and recommenda-
tions for zero-inflated count regression modeling of dental caries indices in epide-
miological studies. Caries Res. 46 (4), 413–423.

Preisser, J.S., Das, K., Long, D.L., Divaris, K., 2016. Marginalized zero-inflated negative
binomial regression with application to dental caries. Stat. Med. 35 (10), 1722–1735.

Richardson, D.B., 2010. Discrete time hazards models for occupational and environmental
cohort analyses. Occup. Environ. Med. 67 (1), 67–71.

Richmond, R.C., Al-Amin, A., Smith, G.D., Relton, C.L., 2014. Approaches for drawing
causal inferences from epidemiological birth cohorts: a review. Early Hum. Dev. 90
(11), 769–780.

Rothman, K.J., Gallacher, J.E., Hatch, E.E., 2013. Why representativeness should be
avoided. Int. J. Epidemiol. 42 (4), 1012–1014.

Rubin D.B. (1987). Multiple Imputation for Nonresponse in Surveys.
Salanitri, S., Seow, W.K., 2013. Developmental enamel defects in the primary dentition:

aetiology and clinical management. Aust. Dent. J. 58 (2), 133–140 quiz 266.
Samet, J.M., Yoon, S.-Y., World Health Organization, 2010. Gender, women, and the

tobacco epidemic. World Health Organization, Geneva.
Schroth, R.J., Halchuk, S., Star, L., 2013. Prevalence and risk factors of caregiver reported

Severe Early Childhood Caries in Manitoba First Nations children: results from the
RHS Phase 2 (2008–2010). Int. J. Circumpolar Health 72.

Smith, G.D., 2008. Assessing intrauterine influences on offspring health outcomes: can
epidemiological studies yield robust findings? Basic Clin. Pharmacol. Toxicol. 102
(2), 245–256.

Tanaka, K., Miyake, Y., Sasaki, S., 2009. The effect of maternal smoking during pregnancy
and postnatal household smoking on dental caries in young children. J. Pediatr. 155
(3), 410–415.

Tanaka, K., Miyake, Y., Nagata, C., Furukawa, S., Arakawa, M., 2015. Association of
prenatal exposure to maternal smoking and postnatal exposure to household smoking
with dental caries in 3-year-old Japanese children. Environ. Res. 143 (Pt A),
148–153.

Tanaka, S., Shinzawa, M., Tokumasu, H., Seto, K., Tanaka, S., Kawakami, K., 2015.
Secondhand smoke and incidence of dental caries in deciduous teeth among children
in Japan: population based retrospective cohort study. BMJ 351, h5397.

Tong, V.T., Dietz, P.M., Morrow, B., et al., 2013. Trends in smoking before, during, and
after pregnancy–Pregnancy Risk Assessment Monitoring System, United States, 40
sites, 2000–2010. MMWR Surveill. Summ. 62 (6), 1–19.

Vello, M.A., Martinez-Costa, C., Catala, M., Fons, J., Brines, J., Guijarro-Martinez, R.,
2010. Prenatal and neonatal risk factors for the development of enamel defects in low
birth weight children. Oral Dis. 16 (3), 257–262.

White, I.R., Royston, P., Wood, A.M., 2011. Multiple imputation using chained equations:
Issues and guidance for practice. Stat. Med. 30 (4), 377–399.

Williams, S.A., Kwan, S.Y., Parsons, S., 2000. Parental smoking practices and caries ex-
perience in pre-school children. Caries Res. 34, 117–122.

Workgroup OHCDPE, 2012. Oral Health Care During Pregnancy: A National Consensus
Statement. National Maternal and Child Oral Health Resource Center,
Washington, DC.

World Health Organization. WHO Report on the Global Tobacco Epidemic, 2013:
Enforcing Bans on Tobacco Advertising, Promotion and Sponsorship.

Zhou, S., Rosenthal, D.G., Sherman, S., Zelikoff, J., Gordon, T., Weitzman, M., 2014.
Physical, behavioral, and cognitive effects of prenatal tobacco and postnatal sec-
ondhand smoke exposure. Curr. Probl. Pediatr. Adolesc. Health Care 44 (8), 219–241.

A.A. Akinkugbe, et al. Preventive Medicine Reports 20 (2020) 101201

7

http://refhub.elsevier.com/S2211-3355(20)30160-1/h0040
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0040
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0045
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0045
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0045
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0050
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0050
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0055
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0055
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0055
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0065
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0065
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0065
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0070
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0070
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0070
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0075
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0075
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0080
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0080
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0080
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0085
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0085
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0085
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0090
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0090
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0090
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0095
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0095
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0095
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0100
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0100
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0100
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0105
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0105
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0105
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0110
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0110
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0110
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0115
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0115
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0115
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0120
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0120
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0125
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0125
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0125
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0130
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0130
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0130
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0135
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0135
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0135
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0140
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0140
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0140
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0145
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0145
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0150
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0150
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0150
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0155
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0155
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0155
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0160
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0165
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0165
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0165
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0170
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0170
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0170
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0175
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0175
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0180
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0180
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0185
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0185
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0185
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0190
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0190
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0200
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0200
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0205
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0205
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0210
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0210
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0210
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0215
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0215
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0215
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0220
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0220
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0220
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0225
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0225
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0225
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0225
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0230
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0230
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0230
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0235
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0235
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0235
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0240
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0240
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0240
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0245
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0245
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0250
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0250
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0255
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0255
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0255
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0265
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0265
http://refhub.elsevier.com/S2211-3355(20)30160-1/h0265

	Prenatal smoking and the risk of early childhood caries: A prospective cohort study
	1 Introduction
	2 Methods
	2.1 Data source and study population
	2.2 Exposure assessment and definition
	2.2.1 Maternal smoking and quantity smoked during pregnancy

	2.3 Outcome assessment and definition
	2.3.1 Dental caries in the offspring

	2.4 Covariates
	2.5 Statistical analysis
	2.6 Assessment of effect measure modification
	2.7 Sensitivity analysis
	2.7.1 Negative control exposure analysis

	2.8 Multiple imputation

	3 Results
	3.1 Negative control exposure sensitivity analysis

	4 Discussion
	4.1 Implications for clinical practice and public health
	4.2 Strengths and limitations

	CRediT authorship contribution statement
	Acknowledgements
	mk:H1_22
	Conflicts of interest
	mk:H1_24
	Appendix A Supplementary data
	References




