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Introduction

Early childhood caries (ECC) is a disease caused by an
interaction of cariogenic bacteria and other factors that occur
in deciduous teeth of children aged under 6 years of age.1,2

Severe negative effects of ECC include odontogenic pain,
masticatory dysfunction, malnourishment, undergrowth,
and decreased quality of life.3–5 Various disciplines have
contributed to the understanding of ECC etiology. Maternal
transmission could be a route by which infants are inoculat-

ed with mutans streptococci.6,7 Nonetheless, mutans strep-
tococci genotypes detected in children did not necessarily
match their maternal strains.8 Another elucidation for the
ECC etiology emphasizes the interrelationship of multiple
risk factors.8,9 For example, inadequate prenatal oral health
education may contribute to mothers’ lack of competency to
care for their offspring’s oral health which can impact the
individual risk of caries among children.10 From an epidemi-
ological perspective, the application of directed acyclic graph
(DAG)11,12 has deepened the understanding of various roles
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Abstract Objective Public policy promoting prenatal dental care to provide long-term preven-
tion of early childhood caries (ECC) in offspring would require evidence regarding the
ECC risk associated with maternal dental caries during pregnancy. This study evaluated
that association using a design capable of assessing temporal relationships and
considered a directed acyclic graph to guide the adjustment of pertinent confounders.
Materials and Methods This retrospective cohort study analyzed data from 158
mother–child dyads attending care at Prachathipat Hospital, Pathum Thani, Thailand.
Maternal dental caries data at their first visits to prenatal oral care from February 2012
to May 2017 were traced forwardly to match the oral health data of offspring who
visited the hospital from May 2013 to March 2018.
Results Univariable and multivariable fractional logit regression models along with
the calculation of average marginal effects revealed that children born to two
categories of mothers with 1 to 5 and �6 carious teeth during pregnancy would
averagely develop 4.5 to 5 and 7.9 to 8.8 more carious teeth per 100 teeth than dental
caries would occur in offspring of caries-free mothers.
Conclusion This evidence identified the role of maternal dental caries during
pregnancy as a significant clinical risk indicator for ECC and supported the provision
of prenatal dental care for mothers to prevent ECC in offspring.
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of factors—such as confounder and collider—that interplay in
the ECC etiology.13,14 This novel approach improves the
validity of the effect estimate of an explanatory variable on
the outcomeby enabling rational specification of variables to
be controlled for confounding and preventing biases.12

Nonetheless, the application of DAG to measure the effects
of factors affecting ECC is still scarce.13,14

The link between maternal dental caries and ECC in their
offspring has been supported by multidisciplinary re-
search.14–17 Maternal dental caries can be a source of cario-
genic bacteria that mothers pass onto their offspring.6,7

Maternal caries can also reflect the maternal socioeconomic
statusandoral healthbehaviorwhichmay impactoral hygiene
practices and the ECC risk of a child.18 Epidemiological studies
have also demonstrated that maternal caries experience was
related to the offspring’s ECC.19,20 Nevertheless, the evidence
was mainly obtained from cross-sectional studies.15,16,19,20

Investigations of the occurrence of ECC concerning maternal
caries during pregnancy, which is a critical period for prenatal
oral care and prenatal ECC prevention,21 are in need.

This study evaluated the association between maternal
dental caries during pregnancy and the ECC risk in offspring
among Thai mother–child dyads attending a public dental
service provided by a district hospital. The findings would
not only serve as epidemiological evidence regarding the role
of maternal caries during pregnancy as a clinical risk indica-
tor for ECC in children but also informpublic policy regarding
the need to strengthen prenatal oral health care to achieve
the long-term goal of ECC prevention in children.

Materials and Methods

Study Design and Study Participants
A retrospective cohort design was applied to collect service-
based data from records at Prachathipat Hospital—a commu-
nity hospital providing primary and secondary medical care
in Thanyaburi District, Pathum Thani Province, Thailand.
Thai women with singleton pregnancies attending the inte-
grated services of antenatal and oral health care at this health
facility from February 2012 to May 2017 and who later gave
live births were eligible for the cohort inception. The mater-
nal data were matched to their offspring’s general and oral
health-related data who later visited this facility for the
integrated services of childhood immunization and oral
health promotion from May 2013 to March 2018.

A minimal study size of 105 mother–child dyads for this
cohort study was estimated assuming an α of 0.05 and
statistical power of 80%. Based on the past service context
at this facility, the ratio of caries-free mothers to their
counterparts was estimated at 3:7 or 0.43. Presumably, 1
in 20 or 5% of children born to caries-free mothers might
develop dental caries, while up to 3 in 10 or 30% of those born
tomothers with cariesmight develop caries. Ultimately, data
from all 158 mother–child dyads were obtained for analysis.

Outcome Measurement
The outcome was defined as “risk of ECC” (π) calculated as a
probability value that the numerator is the count number of

the carious teeth (whether they were restored or not) plus
missing teeth due to caries and divided by the denominator
of the count number of all ever erupted teeth at risk of caries
in the follow-up period, and multiplied by 100 to obtain a
percentage. For instance, a 22-month-old child with 2 cari-
ous teeth from a total of 16 ever-erupted teeth would have
the π value equal (2/16)�100% or 12.5%. The magnitude of π
closer to 100% implies a higher ECC risk in terms of the
proportion of carious teeth from the whole number of
erupted teeth. This outcome measurement was used instead
of the count number of carious teeth due to the nature of the
dynamic cohort in terms of both age and tooth eruption.

Oral examination to determine a child’s caries status was
routinely undertaken by one dentist (S.T.) and two dental
hygienists during the child’s visits for the integrated services
of childhood immunization and oral health promotion at the
hospital. Starting from the age of 2 months, each child was
scheduled for a series of vaccinations and each visit was
followed by an oral health service at the dental department.
From the age of 9 months, oral examination to determine
caries status was added to every vaccination visit. The
method of oral examination used for this service adopted
the practical technique of the knee-to-knee oral examination
procedure undertaken with assistance from the caregiver.22

Visual inspection of the oral cavity under natural light with
the use of amouthmirror was used to determine the number
of erupted teeth and carious teeth. Intra- and interexaminer
calibration for caries detection among the dental service
providers has been performed on a yearly basis as a part of
the annual intra- and interexaminer calibration and dental
service development training program for dental personnel
of public hospitals organized by Pathum Thani Provincial
Public Health Office. The calibration was undertaken using
multiple selected standard cases. The findings were of high
agreement, and a few cases with mismatched examination
results were reviewed and reexamined.

Data obtained from the oral examination were recorded
visit-by-visit in the hospital’s dental charts. Since this study
leveraged these retrospective dental records of the real-
world public dental service that prioritized identification
of cavitated caries in need of restoration during hospital
visits before routine fluoride varnish application in all chil-
dren; these records, therefore, represented importantly cav-
itated caries. To obtain the outcome data for this study, a
researcher (S.T.) examined each child’s dental records from
all available dental visits during the follow-up period.

Exposure Measurement
Maternal characteristics were routinely determined in the
mothers’ first visit to this facility’s integrated antenatal and
oral health care services. Maternal dental caries in this study
was defined as the number of carious teeth, whether restor-
able or requiring extraction. Oral examination to determine
maternal caries was determined by one dentist (S.T.). Unlike
the conventional Decayed, Missing, and Filled Teeth (DMFT)
index that measures past caries experience, this variable
instead reflected active caries during pregnancy. Data re-
garding maternal age, oral health insurance type, and
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maternal dental caries were retrieved from the hospital
electronic database (HosXP).

All variables related to child’s characteristics, risk behav-
iors, and oral hygiene practices were routinely recorded
using the standard data record form of the Bureau of Dental
Health, Ministry of Public Health, Thailand. The caregiver
who brought the child for the oral health promotion service
was interviewed during all visits during the study period
from February 2012 to May 2017. For each child, records
from all visits were reviewed by the researcher (S.T.).

Statistical Analyses
Descriptive statistics were used to summarize the character-
istics of study participants. To assess the crude and adjusted
estimates of the association between maternal dental caries
during pregnancy and the risk of ECC, fractional response
generalized linear regression with logit link function and
robust standard errors (or fractional logit regression model)
was applied.23,24 The dependent variable was the risk of
childhood caries (π), which was a fractional response vari-
able having values ranging from 0 (caries free) to 1 (all ever-
erupted teeth affected by caries). The major independent
variable was the number of maternal dental caries during
pregnancy, which was categorized into 3 categories com-
prising 0 (caries-free), 1 to 5, and �6 teeth. Categorization of
the number of maternal caries was adapted from the previ-
ous study which used �5 DMFT to represent low caries
experience and�6 DMFT to represent medium to high caries
experience.14 Since π can have values ranging from 0 to 1, the
variance tends to decrease when the mean gets closer to one
of the boundaries (e.g., closer to π¼0 if the majority of
children were caries free) and the effect of the independent
variable tended to be nonlinear. Unlike the ordinary least
square regression method which estimates a coefficient or a
slope of a linear regression line that represents a single
marginal effect of one unit increase in an independent
variable (X) on a probability that an outcome (Y) is equal
to 1 as opposed to 0; a coefficient estimated from the
fractional logitmodel neither implies a singlemarginal effect
nor the interpretation of the effect of a one-unit change in X
directly on Y 25, but rather on an index. The coefficient
estimated by the logit model is not straightforwardly inter-
pretable because there is not just one marginal effect of X.
The effect of X can vary depending on every independent
variable in the regression function. Given the following
regression function of E(Y | X,Z)¼ Logistic (β0þβ1Xþβ2Z),
where X and Z are independent variables and Y is the
outcome. The marginal effect of X is estimated by the
derivative of the function as ∂Y/∂X¼β1 Logistic (β0þβ1Xþ
β2Z)(1� Logistic [β0þβ1Xþβ2Z]). The term “Logistic (β0þ
β1Xþβ2Z)(1 � Logistic [β0þβ1Xþβ2Z])” is regarded as the
index. From this illustration, themarginal effect of X or ∂Y/∂X
is not a constant value or equal to the β1 coefficient alone, but
rather the β1 multiplied by the index term. This results in
varying multiple marginal effects of X depending on the
values of all independent variables (e.g., Z) in the regression
model.25 Therefore, the coefficient estimated from the frac-
tional logit model would only provide information regarding

the direction of the effect of X (either positive or negative)
and statistical significance, but not the magnitude of the
effect. To provide a single summary of the varying marginal
effects of X, the average marginal effect (AME)—or the
average of all marginal effects calculated from all observa-
tions–was calculated from the prediction based on the
previously fitted fractional logit model.26

The multivariable regression analyses were sequentially
executed according to an epidemiological causal model
depicted by a DAG (►Fig. 1). The dependent variable (D)
was π. Model 1 was an unadjusted (crude) model that
included only one independent variable of maternal dental
caries during pregnancy—the main exposure (E). Model 2
included (E) and additionally adjusted for a set of maternal
factors during pregnancy (M) which included maternal age
and maternal oral health insurance type. Independent var-
iables in Model 3 comprised (E), (M), and additionally
adjusted for a set of child’s characteristics (C) which were
the child’s natal sex and age, and a set of child’s risk behaviors
(R) including sweetened milk consumption and sugary bev-
erage consumption. Model 4 comprised (E), (M), (C) and
additionally adjusted for a set of child’s oral hygiene practice
factors (P) including brushing frequency, brushing before
bed, and fluoride toothpaste use. Model 5 analyzed the main
exposure (E) adjusting for all other covariates: (M), (C), (R),
and (P).

Results

At the first visit to antenatal care, the average age of all 158
mothers was 22.7 years old, and around one-third of them
were pregnant under the age of 20 years. Although most
mothers had their prenatal oral health care financially
supported by public health insurance programs, there
were still 14 women who did not. The average number of
carious teeth among all the mothers was 4.4 teeth and
slightly over half of them (53.8%) had 1 to 5 carious teeth.
At the end of the follow-up period in March 2018, the
children’s age ranged from 9 to 47 months, with a median
age of 20.5 months. Most of the children (79.1%) remained
caries-free throughout the follow-up period, although 15.2
and 5.7% had 1 to 25% and>25% risk of ECC, respectively. One
child was identified as having a 100% risk of ECC, which
meant that caries damaged all his ever-erupted teeth. In
comparison to the children with 1 to 25% and >25% risk of
ECC, those who remained caries free were born to mothers
with significantly fewer maternal caries during pregnancy
(p<0.001). Additionally, all 21 women who were caries free
had children who remained caries free throughout the
follow-up period. Children with sweetened milk consump-
tion had significantly greater proportions of them at higher
levels of ECC risk than those without the consumption
(p¼0.021). The significantly greater proportions of children
having 1 to 25% and >25% ECC risk were also found among
those with sugary beverage consumption compared with
their counterparts (p¼0.013; ►Table 1).

Findings from the univariable analyses are presented
in ►Table 2. In comparison to children born to caries-free
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mothers, the offspring of mothers having carious teeth were
at higher risk of ECC as revealed by positive values of
coefficients in both categories of mothers having 1 to 5
and �6 carious teeth with statistical significance. According
to the AME obtained following the fractional logit regression,
the ECC risk among children born to mothers with 1 to 5
carious teeth during pregnancy would rise by 0.045 or 4.5%
on average compared with those born to caries-free mothers
(p<0.001). In other words, caries would averagely arise in
4.5more teeth per 100 ever-erupted teeth of children born to
mothers with 1 to 5 carious teeth during pregnancy than it
would occur per 100 ever-erupted teeth of children born to
mothers without caries. Moreover, compared with children
born towomenwith no caries during pregnancy, the ECC risk
for those whose mothers had �6 carious teeth would in-
crease by 0.088 or 8.8% on average (p<0.001). This indicated
that caries would averagely arise in 8.8 more teeth per 100
ever-erupted teeth of children born to mothers with �6
carious teeth during pregnancy than it would occur per
100 ever-erupted teeth of children born to caries-free
mothers.

Multivariable analyses of the effect of maternal dental
caries during pregnancy on the risk of ECC are presented
in ►Table 3. Model 1 represented the unadjusted effect of
maternal caries on offspring’s ECC risk, which indicated that
children whose mothers had dental caries during pregnancy
were significantly at higher risk of ECC compared with those
born to caries-free mothers. In addition, as confirmed by all
statistically significant positive coefficients in all subsequent
multivariable models adjusting for various sets of covariates

(Model 2 to 5), children born to mothers with 1 to 5 and �6
carious teeth during pregnancy were at increased risk of ECC
compared with those of caries-free mothers. Models 1 to 5
consistently indicated that the ECC risk among offspring of
mothers with 1 to 5 carious teeth during pregnancy would
significantly increase by the range of 0.045 to 0.05 (or 4.5 to
5%) compared with children born to caries-free mothers. In
other words, caries would averagely arise in 4.5 to 5 more
teeth per 100 ever-erupted teeth of children born tomothers
with 1 to 5 carious teeth during pregnancy than it would
occur per 100 ever-erupted teeth of children born tomothers
without caries. For children whose mothers had �6 carious
teeth during pregnancy, all five models also consistently
identified that their ECC risk would significantly rise by
the range of 0.079 to 0.088 (or 7.9% to 8.8%) compared
with the children of caries-free mothers. This indicated
that caries would averagely arise in 7.9 to 8.8 more teeth
per 100 ever-erupted teeth of children born to mothers with
�6 carious teeth during pregnancy than it would occur per
100 ever-erupted teeth of children born to mothers without
caries.

Discussion

All statistical models in ►Fig. 1 with subsequent results
shown in ►Table 3 consistently identified the positive asso-
ciation between maternal caries during pregnancy and the
ECC risk in the offspring by three measures including (1) the
positive regression coefficients indicating the positive direc-
tion of the effect, (2) the confidence intervals and p-value in

Fig. 1 Statistical models according to different paths of directed acyclic graphs. Model 1. Unadjusted model of maternal dental caries (E) and
risk of early childhood caries (D): E! D; Model 2. Model of maternal dental caries (E) and risk of ECC (D) adjusted for maternal factors during
pregnancy (M): E  M ! D; Model 3. Model of maternal dental caries (E) and risk of ECC (D) adjusted for maternal factors (M), and child’s
characteristics (C), and child’s risk behaviors (R): E M!R C!D;Model 4.Model of maternal dental caries (E) and risk of ECC (D) adjusted for
maternal factors (M), and child’s characteristics (C), and child’s oral hygiene practice (P): E M! P C!D;Model 5.Model of maternal dental
caries (E) and risk of ECC (D) adjusted for maternal factors (M), and child’s characteristics (C), and child’s risk behaviors (R), and child’s oral
hygiene practice (P): E  M ! R & P  C ! D.
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Table 1 Characteristics of mothers and children stratified by risk of early childhood caries (%)

Characteristics Total
n (%)a

Risk of early childhood caries (%) p-Value

Caries free 1–25% > 25%

n (%)b n (%)b n (%)b

Overall 158 125 (79.1) 24 (15.2) 9 (5.7)

Risk of early childhood caries (%): Mean (SD), 5.3 (13.7); Median (IQR), 0 (0); Min.–Max., 0–100

Maternal characteristics

Maternal age (year)

Mean (SD) 22.7 (5.9) 22.2 (5.3) 24.0 (7.3) 26.0 (8.4)

Median (IQR) 21 (8) 21 (7) 21 (10) 22 (14) 0.381c

Min.–Max. 14–41 14–40 16–41 17–41

<20 51 (32.3) 42 (82.3) 8 (15.7) 1 (2.0)

20–35 100 (63.3) 80 (80.0) 13 (13.0) 7 (7.0)

>35 7 (4.4) 3 (42.9) 3 (42.9) 1 (14.2)

Oral health insurance

Universal Coverage 126 (79.8) 101 (80.1) 18 (14.3) 7 (5.6) 0.255d

Social Security Scheme 18 (11.4) 11 (61.1) 5 (27.8) 2 (11.1)

Out-of-pocket payment 14 (8.8) 13 (92.9) 1 (7.1) 0 (0)

Maternal dental caries (tooth)

Mean (SD) 4.4 (3.7) 3.9 (3.4) 6.4 (3.9) 6.8 (4.3)

Median (IQR) 4 (5) 3 (5)e 7 (4) 5 (5) <0.001c

Min.–Max. 0–20 0–19 1–20 2–16

0 21 (13.3) 21 (100.0) 0 (0) 0 (0)

1–5 85 (53.8) 70 (82.3) 10 (11.8) 5 (5.9)

�6 52 (32.9) 34 (65.4) 14 (26.9) 4 (7.7)

Child’s characteristics

Sex

Female 82 (51.9) 66 (80.5) 12 (14.6) 4 (4.9) 0.869d

Male 76 (48.1) 59 (77.6) 12 (15.8) 5 (6.6)

Child’s age (month)

Mean (SD) 23.2 (10.2) 21.7 (10.5) 29.3 (6.3) 28.7 (7.3)

Median (IQR) 20.5 (15) 18 (18)e 31 (8) 30 (8) <0.001c

Min.–Max. 9–47 9–47 18–39 18–39

9–12 34 (21.5) 34 (100.0) 0 (0) 0 (0)

13–24 49 (31.0) 41 (83.7) 5 (10.2) 3 (6.1)

25–36 63 (39.9) 40 (63.5) 18 (28.6) 5 (7.9)

37–47 12 (7.6) 10 (83.4) 1 (8.3) 1 (8.3)

Child’s risk behaviors

Sweetened milk consumption

No 126 (79.7) 104 (82.5) 18 (14.3) 4 (3.2) 0.021d

Yes 32 (20.3) 21 (65.6) 6 (18.8) 5 (15.6)

Sugary beverage consumption

No 74 (46.8) 66 (89.2) 6 (8.1) 2 (2.7) 0.013d

Yes 84 (53.2) 59 (70.2) 18 (21.4) 7 (8.4)

(Continued)
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all models that indicated the observed association was
unlikely due to chance, and (3) the AMEs showing the
meaningfulmagnitude of effect.Model 1 estimated the crude
effect of maternal caries during pregnancy on the ECC risk.
Different sets of covariates were then sequentially adjusted
in the multivariable models (Models 2 to 5) following the
causal model built upon prior knowledge regarding the
relationship of these covariates on the main association
between maternal caries and ECC risk.

In Model 2 (►Fig. 1), maternal factors comprising mater-
nal age and oral health insurance type were specified as a
set of potential confounders as these factors could be
common causes of both maternal caries and the ECC risk,
as denoted as E M!D in ►Fig. 1. Maternal age could
differentiate time at-risk of caries and duration of demin-
eralization/remineralization of tooth27 that influenced ma-
ternal caries occurrence. Maternal age could also influence
the ECC risk, especially among teenage mothers who might
have limited ability to care for their offspring’s oral
health.28 Having oral health insurance could enable access
to necessary dental services that influenced both maternal
caries status and ECC risk.29 Nonetheless, despite the influ-
ence of maternal age and oral health insurance documented
in previous literature,27–29 the estimates adjusted for these

factors did not differ considerably from the crude ones in
this setting (►Table 3).

Although child-related independent factors did not affect
maternal dental caries—an event that preceded them,►Fig. 1

depicted these factors’ positions in various noncausal
paths11 linking maternal caries (E) and the ECC risk (D).
Since oral health risk behaviors and oral hygiene care of very
young children would primarily rely on their mothers,
maternal factors during pregnancy—maternal age and hav-
ing dental insurance—were therefore assumed to have a
causal relationship with the child’s risk behaviors and oral
hygiene practice in the DAG. Previous evidence supported
this assumption. Being a teenage mother—a maternal age
characteristic—could be related to disadvantages such as a
lackof preparation formotherhood,30 single parenthood, low
educational levels, and socioeconomic deprivation31,32 that
link to a limited capability to provide good care of a child’s
oral health.33,34 Lacking oral health insurance could also
impede access to prenatal dental care and oral health edu-
cation necessary to protect a child’s oral health.29 From the
assumption regarding the association of thematernal factors
during pregnancy (M) with a child’s risk behaviors (R) and a
child’s oral hygiene practice (P), two non-causal paths link-
ing material caries to the ECC risk were conceptualized as

Table 1 (Continued)

Characteristics Total
n (%)a

Risk of early childhood caries (%) p-Value

Caries free 1–25% > 25%

n (%)b n (%)b n (%)b

Overall 158 125 (79.1) 24 (15.2) 9 (5.7)

Bottle feeding

No 1 (0.6) 1 (100.0) 0 (0) 0 (0) 1.000d

Yes 157 (99.4) 124 (79.0) 24 (15.3) 9 (5.7)

Child’s oral hygiene practice

Brushing frequency (time/day)

Mean (SD) 1.3 (0.8) 1.3 (0.7) 1.5 (0.8) 1 (0.9)

Median (IQR) 1 (1) 1 (1) 2 (1) 1 (1) 0.240c

Min.–Max. 0–3 0–3 0–3 0–2

�1 86 (54.4) 70 (81.4) 10 (11.6) 6 (7.0)

>1 72 (45.6) 55 (76.4) 14 (19.4) 3 (4.2)

Brushing before bed

Yes 83 (52.5) 67 (80.7) 14 (16.9) 2 (2.4) 0.167d

No 75 (47.5) 58 (77.3) 10 (13.3) 7 (9.4)

Fluoride toothpaste use

Yes 98 (62.0) 72 (73.5) 20 (20.4) 6 (6.1) 0.055d

No 60 (38.0) 53 (88.3) 4 (6.7) 3 (5.0)

Abbreviations: IQR, interquartile range; Max., maximum; Min., minimum; SD, standard deviation.
aPercentage by column.
bPercentage by row.
cKruskal-Wallis equality-of-populations rank test.
dExact probability test.
eStatistically significant difference from the other two subgroups.
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Table 2 Univariable fractional logit regression analysis of association between risk of early childhood caries (π) and each
explanatory variable

Risk indicators Risk of early childhood caries (π) Univariable analysisa Marginal effectb

Mean (SD) Median
(IQR)

Min.– Max. Coefficient 95% CI p-Value dy/dx 95% CI p-Value

Maternal dental caries (tooth)

0 0 (0) 0 (0) 0–0 Reference Reference Reference Reference Reference Reference

1–5 0.04 (0.12) 0 (0) 0–0.57 16.04 14.34, 17.74 <0.001 0.045 0.025, 0.065 <0.001

�6 0.09 (0.18) 0 (0) 0–1.00 16.77 15.06, 18.47 <0.001 0.088 0.050, 0.127 <0.001

Maternal factors during pregnancy

Maternal age (year)

20–35 0.06 (0.16) 0 (0) 0–1.00 Reference Reference Reference Reference Reference Reference

< 20 0.03 (0.08) 0 (0) 0–0.31 �0.65 �1.51, 0.21 0.141 �0.027 �0.064, 0.009 0.145

> 35 0.12 (0.18) 0 (0.20) 0–0.50 0.80 �0.48, 2.08 0.218 0.064 �0.065, 0.193 0.329

Oral health insurance type

Universal
Coverage

0.05 (0.14) 0 (0) 0–1.00 Reference Reference Reference Reference Reference Reference

Social Security
Scheme

0.10 (0.15) 0 (0.17) 0–0.50 0.66 �0.28, 1.59 0.167 0.044 �0.029, 0.116 0.237

Out-of-pocket
payment

0.01 (0.04) 0 (0) 0–0.17 �1.51 �3.49, 0.47 0.135 �0.040 �0.073, �0.007 0.019

Child’s characteristics

Sex

Female 0.05 (0.12) 0 (0) 0–0.60 Reference Reference Reference Reference Reference Reference

Male 0.06 (0.15) 0 (0) 0–1.00 0.14 �0.71, 0.98 0.751 0.007 �0.036, 0.050 0.754

Age (month)

9–12 0 (0) 0 (0) 0–0 Reference Reference Reference Reference Reference Reference

13–24 0.04 (0.11) 0 (0) 0–0.57 15.12 14.28, 15.97 <0.001 0.041 0.010, 0.072 0.010

25–36 0.09 (0.18) 0 (0.15) 0–1 16.00 15.41, 16.58 <0.001 0.092 0.049, 0.135 <0.001

37–47 0.05 (0.14) 0 (0) 0–0.5 15.34 13.66, 17.01 <0.001 0.050 �0.028, 0.128 0.212

Child’s risk behaviors

Sweetened milk consumption

No 0.04 (0.10) 0 (0) 0–0.6 Reference Reference Reference Reference Reference Reference

Yes 0.12 (0.23) 0 (0.18) 0–1 1.28 0.40, 2.16 0.004 0.063 0.011, 0.115 0.018

Sugary beverage consumption

No 0.02 (0.08) 0 (0) 0–0.5 Reference Reference Reference Reference Reference Reference

Yes 0.08 (0.17) 0 (0.1) 0–1 1.29 0.35, 2.24 0.007 0.057 0.016, 0.097 0.006

Child’s oral hygiene practice

Brushing frequency (time/day)

�1 0.06 (0.15) 0 (0) 0–1 Reference Reference Reference Reference Reference Reference

> 1 0.05 (0.12) 0 (0) 0–0.6 �0.10 �0.93, 0.72 0.806 �0.005 �0.047, 0.037 0.807

Brushing before bed

Yes 0.04 (0.10) 0 (0) 0–0.6 Reference Reference Reference Reference Reference Reference

No 0.07 (0.17) 0 (0) 0–1 0.70 �0.18, 1.53 0.097 0.035 �0.009, 0.078 0.118

Fluoride toothpaste use

Yes 0.07 (0.16) 0 (0.1) 0–1 Reference Reference Reference Reference Reference Reference

No 0.03 (0.09) 0 (0) 0–0.4 �0.80 �1.71, 0.11 0.086 �0.036 �0.074, 0.003 0.071

Abbreviation: 95% CI, 95% confidence interval.
aCoefficients estimated by univariable fractional logit regression.
bPostestimation marginal effect (derivative) of covariate on outcome.
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E M!R!D and E M!P!D. Nonetheless, controlling for
maternal factors (M) in Model 2 could block these two non-
causal paths. When a child’s characteristics (C)—including
natal sex and age—were considered for multivariable analysis,
theywereassumedtohaveacausal relationship toachild’s risk
behavior and a child’s oral hygiene practice. Previous studies
suggested that oral health risk behaviors (e.g., children’s
preference for sugar) and oral hygiene habits (e.g., tooth
brushing frequency) could vary by children’s sex35,36 and
age.37,38 Based on this assumption, the child’s sex and age
(C) were added to DAG and created two non-causal paths
in ►Fig. 1 as E M!R C!D (Model 3) and E M!P C!D
(Model4).Model5combinedthechild’s riskbehaviorsandoral
hygienepracticeand includedall extraneous factorsbetweenE
and D to construct a non-causal path as E M!R&P C!D. In
Models 3 to 5, the child’s risk behaviors (R) and oral hygiene
practice (P) were regarded as colliders in epidemiology, and
they would block all these non-causal paths and result in no
need to control for all extraneous factors between E and D.11

Nonetheless, multivariable analyses for Models 3 to 5 were
undertaken as sensitivity analyses to identify how the effect of
maternal caries on the ECC risk changed under various causal
assumptions. Collider biaswas also avoided in all thesemodels
by controlling for M and C simultaneously with the colliders
([R] and [P]).

Results from all univariable and multivariable models
consistently confirmed that children born to two categories
of mothers with 1–5 and �6 carious teeth during pregnancy
would develop 4.5–5 and 7.9–8.8 more carious teeth per
100 teeth on average compared with children born to caries-
free mothers. Similar findings of the positive association
between maternal caries and ECC risk were previously
reported.14,19,39 Untreated maternal caries could be a pri-
mary source of cariogenic bacteria acquisition.17,40 None-
theless, further process of cariogenesis could be mediated by
multiple biological and social factors determining oral health
risk behaviors and oral hygiene practice of the child.14,40

Comparison of ECC risk among children of varying ages
and numbers of erupted teeth in a real-world dynamic cohort
would be challenging since age would affect caries occur-
rence. Nonetheless, the measure of ECC risk using π which
took into account not only the count number of carious teeth
but also the total number of teeth at risk of developing dental
caries in this study would allow a rational comparison of risk
or probability of caries development across different chil-
dren. To theoretically exemplify this point, assume that two
children both have 4 carious teeth. If only the count number
of carious teeth is used as an outcome for comparison, the
caries status of these childrenwould be considered identical.
Nonetheless, if the first child who is 22 months old with 16
teeth is compared with the second child who is 33 months
old with 20 teeth, the first child’s π value is (4/16)�100% or
25%, which is the higher risk of ECC compared with π of
(4/20)�100% or 20% in the second child. The π closer to 100%
would show a higher risk of ECC in terms of the proportion of
carious teeth from the whole number of erupted teeth.

The findings of this study not only confirmed the positive
direction of the association between maternal caries during

pregnancy and the ECC risk but also added to the literature
the probability of ECC predicted from the status of maternal
caries at the first prenatal dental care visit. This suggested
the possible role ofmaternal caries routinely detected during
prenatal dental care as a useful clinical risk indicator for ECC.
Moreover, the significant effect of maternal caries on the ECC
risk in Thai mother–child dyads in this study served as local
evidence supporting the national dental public health policy
promoting the provision of prenatal dental care as an integral
part of antenatal care.

Nonetheless, the generalizability of this study’s findings,
following the eligibility criteria for matched pair of mother
and child in this study, might be limited to mothers and
children who both utilized the whole service package from
the integrated antenatal care and prenatal oral health care
attended by themothers to the integrated immunization and
oral health promotion services attended by the children at
this hospital or facilities of simar context. The results might
not be generalized to those attending other health facilities
with different service contexts such as private clinics and
hospitals that were also widely available in Thailand.

Conclusions

Maternal dental caries during pregnancy was a significant
clinical indicator for the increased ECC risk in children. The
findings supported the provision of prenatal dental care for
mothers to prevent ECC in offspring.
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