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ABSTRACT

Objective The purpose of this study was to cluster
individuals into groups with different dental health
characteristics and make statistical inferences on the
effect differences among different groups simultaneously
to identify the heterogeneity of risk factors in Chinese
adolescents by analysing the data from the 4th Chinese
National Oral Health Survey.

Methods For decayed, missing and filled permanent
teeth (DMFT), mean values were statistically analysed for
their relationships with different categories of all involved
variables. As DMFT scores only have discrete values,
Poisson mixture regression was adopted to model the
heterogeneity and complex patterns in the association and
to detect the subgroup. The Bayesian information criterion
(BIC) was used to determine the optimal number of
subgroups. A series of Wald tests were used to explore the
relationship between risk factors including the interaction
effects and the number of DMFT.

Results A total of 100986 individuals aged 12—15years
old were analysed. The model clustered different
individuals into three subgroups and built three submodels
for detailed statistical inference simultaneously. The
number of individuals in the three subgroups were 52576
(52.1%), 41969 (41.5%) and 6441 (6.4%), respectively.
The mean (SD) of DMFT of the three subgroups was 0.50
(1.05), 0.99 (1.21), 5.59 (2.50). The model fitting results
indicated that the effects of all risk factors on DMFT
appear to be different in three subgroups. Controlling the
confounding effects, our analysis implied that the regional
inequality was the main contributing factor to dental caries
among adolescents in Chinese mainland.

Conclusions The risk factors of dental caries exhibited
heterogeneity in groups with different characteristics.

The Poisson mixture regression model could cluster
individuals into groups and identify the heterogeneous
effects of risk factors among different groups. The findings
support the need for different targeted interventions and
prevention measures in groups with different dental health
characteristics.

Strengths and limitations of this study

» Data from the 4th Chinese National Oral Health
Survey were analysed to obtain the prevalence and
associated factors of permanent dental caries in
Chinese adolescents aged 12—15 years old.

» |t is advantageous for epidemiological surveys to
cluster individuals into groups with different dental
health characteristics and therefore make targeted
statistical inferences to identify the heterogeneity of
risk factors.

» Poisson mixture regression is a sound statistical
model for the subgroup analyses. It has the flexibil-
ity in modelling the zero-inflated count measure of
dental decay and characterising the heterogeneous
risk factors of dental caries.

» The modified Expectation Maximization (EM) algo-
rithm is an efficient parameter estimation method
for Poisson mixture regression, while the Bayesian
information criterion can be used to determine the
number of subgroups.

» This research on dental caries using cross-sectional
data collection could not represent casual relation-
ships between dental caries and the related fac-
tors, and hence, was unable to indicate how caries
changes over time in the general population or in
a given sample and what variables are associated
with the overall trend and the differences within and
among persons.

permanent  dentition—commences and
functions during the following decades of
life. Thus, the WHO regards 12 years old to
15 years old as a reference group for popu-
lation oral health surveys.2 Dental caries of
permanent teeth is the most prevalent oral
disease and, according to the Global Burden
of Disease Study 2016, is the disease with the
second highest incidence.”

S— INTRODUCTION During the last two decades, the prevalence
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population are steadily changing, with a decrease in the size
of the rural population from 57.0% in 2005 to 43.9% in
2015. As the inequality of economic development, the life-
styles of the adolescents’ families were quite different. The
adolescents’ oral disease patterns are expected to appear
the heterogeneity. In particular, the risk factors for dental
caries can be different for different groups characterised
by their individual characteristics such as demographics
and social economic status. For example, the geographic
heterogeneity analysis of dental caries demonstrated
inequalities in decayed, missing and filled permanent teeth
(DMFT) among different regions of the country.” The oral
behaviours of adolescents, including toothbrushing habits,
consumption of sugary foods and dental attendance, also
vary in different provinces and urban/rural areas.”? This
motivates the needs of clustering individuals into groups
in light of the heterogenous associations between the
individual characteristics and the risk of dental caries. It is
advantageous for epidemiological surveys to cluster individ-
uals into groups with different dental health characteristics
and therefore make targeted statistical inferences to iden-
tify the heterogeneity of risk factors.

In this work, we propose to use the Poisson mixture
regression model to analyse the dental dataset and to
perform the subgroup detection to identify the heteroge-
neity of risk factors. The finite mixture regression model
was first proposed by Wolfe,'” and has been successfully
applied to solve many problems in various research
areas.'" ' The Poisson mixture regression model is a
systematic statistical approach that explicitly models
the mixture distribution of the regression coefficients,
leading to clear interpretation of fitting results for the
subgroup analyses. There is a formal statistical procedure
to determine the number of mixture components in the
model which corresponds to the number of subgroups in
the population. A suitable probability distribution model
can also be added into the model according to the charac-
teristics of the outcome variables of interest, resulting in
a more flexible and adaptive data analysis procedure.” '*

As dental caries are posing great disease burdens to the
adolescent population,' caries control has been put onto
the agenda of the government by carrying out national
public health programmes with broad application of
appropriate preventive techniques for children. Based on
all of the above, the aim of this study is to use the Poisson
mixture regression model to cluster individuals into
groups and to identify the heterogeneity of risk factors
for dental caries in Chinese adolescents. Analysis of the
most recent prevalence data of caries among adolescents
and its related factors will yield better, more reasonable
suggestions on the reformation and innovation of poli-
cies related to dental public health.

MATERIALS AND METHODS

Description of data

This cross-sectional study used data from the 4th National
Oral Health Survey of China (2015-2016). All 31 provinces

of the China Mainland participated in the survey. The
specific survey description is supplied in online supple-
mental appendix. Data of the 12-15years old age group
was used for the present study.

Poststratification weights were used to adjust for differ-
ences in the age-by-sex-by-location-by-province distribu-
tion between the sample and the general population in
the 31 provinces involved in the study, consistent with the
6th National Demographic Census in 2010.'° 7

The number of DMFT was calculated to determine
the overall caries status and experience. The risk factors
involved in the presentstudy included six categories: social
demographic factors, oral hygiene behaviours, sugar
consumption habits, utilisation of dental service, oral
health knowledge and pit-and-fissure sealants. Detailed
information on the grading standard of each variable is
presented in online supplemental appendix table 1. The
variables extracted from the examination tables and ques-
tionnaires were representative oral health-related factors,
which were further statistically analysed with regard to
their relationships with dental caries experience.

Patient and public involvement

All participants were selected using multistage stratified
cluster sampling method and provided written informed
consent to take part in the study.

Model and estimation

Let y denote the response variable, that is, the number of
DMEFT, taking the count values from 0 to 28. Let x repre-
senta p dimensional covariate vector including all the risk
factors and their interactions as well as other confounding
factors. We consider a Poisson mixture regression model,
where the conditional distribution of y given x is speci-
fied as follows:

K
H(ylx,w; ©) = 3 mPoilyl Ax(x, BP)),
k=1

»
Wy~ gk g

log{Ar(x, B )'—gﬁj xk=1,...,K (1)

where K is the number of subgroups, x=(x,...,x)7"

and g™ =, pyr.  For the kth  subgroup,

poiyiag i 800 = 2B X80 is 2 Poisson probability mass
function with mean intensity A.(x, 8%), and g™ represents
the effects of x. {m}X, are probability weights that are asso-
ciated with component distributions [Poif{ylAi(x, 8*)}K,,
which satisfy

K
0<y<1Lk=1,.,Kand > m =1
k=1

In model (1), g* represents the effect of covariate x,
in subgroup k. When the values of other covariates
= (% ,.. .., x,)Tare fixed, from model (1), we

have

X—j > Xj—1 5 Xjrl 5 -

k 1 2 1 2
B (D — 1) = Togink(x_j i) — Togir(xj 7)),

where ", x® represent two different values of ux,.
WhenaV — £ =1,

8" = Toginu(x_j, i)} = Togiau(x_j 7)1,
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which is the change of the log mean of 'y in subgroup k per
unit increase in x;, defined as the effect size of x;. When
8" >0, x; has positive effects on the average of y. Simi-
larly, when " <0, the effect of x; on y goes in the oppo-
site direction. In addition, by comparing ", k=1,...,K
with fixed j, we also could infer the effects of factor x; on
the response among different subgroups. We summarise
the estimation procedure of § in online supplemental
appendix.

All of the above analyses were performed with the
R package ‘FlexMix’.""* As DMFT scores only have
discrete values, we employed the Poisson mixture regres-
sion model into the procedure of subgroup association
detection. An optimised group number was selected
from a pre-specified number established based on the
Bayesian information criterion (BIC)?' #% with all compu-
tation completed by the modified EM algorithm. In
each iteration of the M-step, the algorithm will remove
the subgroups with the probability weight below a given
threshold set as 5% for meaningful interpretations of
subgroups, ensuring that the estimated subgroups all
have a sample size large than 5% of total. We defined that
the estimates represented the effect of the risk factors on
DMFT in each subgroup. The estimates were compared
in detail among the different subgroups. A series of Wald
tests were also conducted to explore the relationship
between the number of DMFT and risk factors with an
interaction effect. P<0.05 was regarded as statistical signif-
icance (two-sided).

RESULTS

The data set consisted of 118601 individuals aged
12-15years old. We focused on 100986 individuals with
complete observations. The model fitting results with
different pre-specified number of subgroups (ko) are
summarised in online supplemental appendix table 2.
The estimated group number was denoted as k (k < k).
In our analysis, the k values were always equal to 3 under
circumstances of 3 < ky < 6. By comparisons of the BIC,
we conclude that three subgroups could sufficiently
represent the heterogeneity of risk factors of dental caries
among the 12 years old population.

In the three subgroups (subgroup 1-3), the number of
individuals were 52576, 41969 and 6441. The estimated
proportions of three subgroups were 7, = 0.52, 7, = 0.42
and 75 = 0.06, respectively. The mean DMFT values (SD)
of the three subgroups were 0.50 (1.05), 0.99 (1.21)
and 5.59 (2.50), which had statistical difference among
subgroups (p<0.001). In subgroup 1, 50.8% were boys,
while 49.2% were girls. In subgroup 2, there were 48.6%
boys and 51.4% girls. In subgroup 3, 50.4% were boys and
49.6% were girls. The study population was also evenly
distributed to urban (37.1% in subgroup 1, 42.5% in
subgroup 2 and 39.7% in subgroup 3) and rural (62.9% in
subgroup 1, 57.5% in subgroup 2 and 60.3% in subgroup
3) areas. In the three subgroups (subgroup 1-3), 86.4%,
87.6% and 86.1% children were reported to brush their

teeth for more than once a day. The summary informa-
tion of subgrouping results are shown in table 1. The
marginal distribution of observed and fitted DMFT within
each subgroup are summarised in online supplemental
appendix table 1 and figure 1. The fitted R-squared value
for this model is 0.785.

Table 2 shows the parameter estimates and the 95%
CIs of the three subgroups in the model. The results
of whether a significant difference existed among the
effects of the same variable in the three subgroups are
summarised in online supplemental appendix tables 4
and 5.

Social demographic factors

The effects of regional factors in the eastern area were
strongest in subgroups 1 and 2, but the influence sharply
decreased with the increasing severity of DMFT in
subgroup 3 (p<0.001). Adolescents in the eastern region
had the largest DMFT in subgroup 1 and the smallest
DMFT in subgroup 2. However, the differences among
the different subgroups in the western and central
regions were not significant (p>0.05). The adolescents
with older age were more likely to have more DMFT.
The influence on subgroup 3 was the strongest (p<0.05).
The average DMFT of males was less than that of females
in all subgroups. Adolescents in urban areas had fewer
DMEFT in all subgroups, but the influence decreased with
the increasing severity of DMFT. The estimates of Only
child and educational level factor were less than 0.1 in all
subgroups.

Oral hygiene behaviour

Adolescents who brushed their teeth every day had fewer
DMFT in all subgroups, but the influence decreased
with the increasing severity of DMFT. The estimates
were —1.606, —1.231 and -0.849 in subgroups 1, 2 and 3,
respectively.

Sugar consumption habits

Adolescents with a higher frequency of sugar consump-
tion had more DMFT in all subgroups, but the influence
decreased as the severity of DMFT increased.

Pit-and-fissure sealant history

Adolescents who had received pit-and-fissure sealant had
fewer DMFT in all subgroups, but the influence decreased
with the increasing severity of DMFT in subgroup 3
(p<0.001). The estimates were —0.178, —=0.129 and -0.095
in subgroups 1, 2 and 3, respectively.

Oral health knowledge

The higher the adolescents’ oral health knowledge, the
fewer DMFT in all subgroups. However, all estimates were
less than -0.01.

Interaction effects

Tables 3 and 4 summarise the estimated effects for region
factor X; and X;, under the different levels of the sugar
intake factor Xjo. With increasing sugar consumption,
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Table 1_Tne summary information of th tree subgrovps resuts

Categories

Subcategories Subgroup1  Subgroup2 Subgroup3 Total

Mean of DMFT (SD) 0.50(1.05)  0.99(1.21) 559 (2.50)  1.04 (1.76)

Mean of score of sugar consumption (SD) 7.69 (3.51) 7.97 (3.49) 7.86 (3.52) 7.81(3.51)

47.4
52.6

Region 1 (%) East

Otherwise

24.6
75.4

38.2
61.8

35.0
65.0

Male

Female

50.8
49.2

48.6
51.4

50.4
49.6

50.1
49.9

Gender (%)

Only child (%) 33.1 39.5 36.7 36.0

"1ybuAdos Ag paroarold

Maternal educational level (%) Never accepted education 6.6 6.2 7.4 6.5

Elementary school 26.0 22.3 23.0 24.3
Middle school 40.8 40.0 39.8 40.4
High school 13.1 13.6 13.1 13.3
Secondary school 4.4 5.6 5.1 4.9
College 4.4 6.0 5.7 5.2
Undergraduate 4.2 5.4 5.0 4.7
Graduate or higher 0.6 0.9 0.9 0.7

Pit-and-fissure sealant history (%) 4.8 6.9 5.9 5.7

Visit dentist (%) Yes 47.2 51.9 52.8 49.5

DMFT, decayed, missing and filled permanent teeth.

the effects of the eastern regional factor gradually weak-
ened, while the effects of the central and western regions
became significant and gradually increased. Table 5
summarises the estimated effects of X, under different
values of X; and X,. In subgroup 1, the effect of sugar
consumption was greatest in the western region (0.130),

second in the central region (0.100) and lowest in the
eastern region (0.019). In subgroup 2, the influence of
sugar consumption was highest in the eastern region
(0.122), second highest in the western region (0.051)
and lowest in the central region (0.028). In subgroup 3,
the influence of sugar consumption was greatest in the

E-
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Table 3 Estimation and 95% ClI for Wald test to the effect of regional factors X; under the case of controlling sugar intake

factor X, at different levels in different subgroups

Subgroup 1 Subgroup 2 Subgroup 3

Coef. SE Cl Coef. SE Cl Coef. SE (¢]]
X X0 -0.081 0.007 -0.095 to 0.067 0.094 0.011 0.072t0 0.116 -0.013 0.002 -0.017 to 0.009
Xio(1) 3.382  0.070 3.031t0 3.733 -3.855 0.123 -4.471 to 3.239 0.291 0.016 0.212t0 0.370
Xi0(2) 3.301 0.064 2.980 to 3.622 -3.761 0.113 -4.328 t0 3.194 0.278 0.014 0.208 to 0.349
Xi0(3) 3220 0.058 2.927 to 3.512 -3.668 0.103 -4.186 to 3.149 0.266 0.012 0.204 to 0.328
Xi0(4) 3.138  0.053 2.874 to 3.403 -3.574 0.094 -4.046 to 3.102 0.253 0.011 0.199 to 0.308
Xi10(5) 3.057 0.048 2.818 to 3.296 -3.480 0.085 -3.907 to 3.054 0.241 0.010 0.194 to 0.288
Xi0(6) 2976  0.043 2.761 to 3.191 -3.386 0.076 -3.770 to 3.003 0.228 0.008 0.187 to 0.270
X10(7) 2.895 0.039 2.700 to 3.089 -3.293 0.068 -3.636 to 2.950 0.216 0.007 0.179 to 0.253
Xi0(8) 2.813  0.036 2.635 to 2.992 -3.199 0.062 -3.506 to 2.892 0.203 0.007 0.168 to 0.239
Xi0(9) 2.732  0.033 2.564 to 2.899 -3.105 0.550 -3.382 t0 2.829 0.191 0.007 0.154 to 0.228
Xi10(10) 2.651 0.032 2.487 to 2.814 -3.012 0.506 -3.266 to 2.758 0.178 0.008 0.138 to 0.219
Xio(11) 2.569  0.033 2.403t0 2.735 -2.918 0.048 -3.160 to 2.677 0.166 0.009 0.120 to 0.211
Xi0(12) 2.488  0.035 2.313 t0 2.663 -2.824 0.048 -3.066 to 2.584 0.153 0.010 0.101 to 0.206
X10(13) 2.407 0.038 2.216 to 2597 -2.731 0.050 -2.982 10 2.479 0.141 0.012 0.081 to 0.201
Xio(14) 2.325  0.042 2.115 t0 2.535 -2.637 0.054 -2.910 to 2.364 0.128 0.014 0.060 to 0.196
X,0(15) 2244  0.046 2.011 to 2.477 -2.543 0.060 -2.846 to 2.241 0.116 0.015 0.039 to 0.193
Xi10(16) 2.163  0.051 1.904 to 2.421 -2.450 0.067 -2.787 t0 2.112 0.103 0.017 0.018 t0 0.189

X,, stands for the value of factor X, . ‘Coef.” is the estimation of the effect of X, under different cases, ‘SE’ stands for the SE of Wald statistics in testing Coef. is 0 or

not.

western region (0.030), second in the central region
(0.019) and lowest in the eastern region (0.007). With an
increase in DMFT, the influence of the sugar consump-
tion factor in the eastern and central regions gradually
weakened. Table 6 shows the estimated effects of Xy,
the frequency of tooth brushing, under different levels
of utilisation of the dental service factors Xi; and X..
Adolescents who brushed their teeth every day had fewer
DMFT when their self-assessment of their teeth was ‘very
good’, ‘good’ or ‘fair’. However, as the self-assessment
decreased, the influence gradually weakened until the
effect reversed. The same phenomenon occurred for the
associated factor of dental experience. The influence of
toothbrushing frequency on reduced DMFT was weak-
ened when adolescents had dental experiences.

DISCUSSION

This study used data sourced from the 4th National
Oral Health Survey of China, which was conducted in
2015-2016 and covered all 31 provinces, municipali-
ties and autonomous regions in the China Mainland.
In the analysis in our previous study,6 we obtained
the prevalence and associated factors of permanent
dental caries in Chinese adolescents aged 12-15 years
old and presented a descriptive analysis of the current
condition of dental caries.

The mixture regression model is a novel approach to
perform subgroup analysis and is applicable to many
different types of data, both discrete and continuous. In
contrast to the original regression method, the mixture
regression model method partitions all individuals into
data-driven subgroups and builds models with different
coefficients for different subgroups. Rather than discov-
ering the relationships among factors of interest and
oral disease patterns by assuming all individuals share
common effects, as in general regression analysis, we can
make further comparisons of the effects of factors on
the status of dental caries among different subgroups.
This method provides more detailed and accurate
results because the influence of the same factor may be
completely different in different populations. In doing
so, we can easily find commonalities as well as differences
among different groups. Thus, the results of the analysis
are more informative, and we can provide more detailed
and helpful suggestions to populations according to their
characteristics. In reality, all effects can be clustered into
three different types: constant, varying and nested varying
effects, which were varying in the first step and classified
by Wald tests based on the model fitting results. In the
second step, we were able to refit the model by adding
classifications of all effects and obtain more accurate esti-
mation results.
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Table 4 Estimation and 95% CI for Wald test to the effect of regional factors X, under the case of controlling sugar intake

factor X, at different levels in different subgroups

Subgroup 1 Subgroup 2 Subgroup 3

Coef. SE Cl Coef. SE Cl Coef. SE Cl
X X0 0.030 0.008 0.014t0 0.046 0.023  0.002 0.019t0 0.027 0.011 0.002  0.007 to 0.149
Xi0(1) -0.006 0.077 -0.3941t00.383 0.018 0.014 -0.054t00.090 0.119 0.016  0.040to 0.197
X10(2) 0.024 0.070 -0.326t00.375 0.041 0.013  -0.023t0 0.105 0.129 0.014  0.060 to 0.199
X10(3) 0.054 0.062 -0.2591t00.367 0.063 0.011 0.007 to 0.120  0.140 0.012  0.079to 0.202
Xi0(4) 0.083 0.055 -0.193t00.360 0.086 0.010 0.037t0 0.135  0.151 0.011 0.097 to 0.205
X10(5) 0.113 0.048 -0.1291t00.356 0.109  0.009 0.066 to 0.151  0.162 0.009 0.115t0 0.209
X;0(6) 0.142 0.042 -0.067 t0 0.353 0.131 0.007 0.094t0 0.169 0.172 0.008 0.131to0 0.214
X10(7) 0.173 0.036 -0.009t0 0.354 0.154 0.007 0.120t0 0.187 0.183 0.007 0.146 to 0.221
X10(8) 0.202 0.032 0.043t00.362 0.176  0.006 0.145t0 0.208 0.194 0.007  0.158 to 0.230
X10(9) 0.231  0.029 0.086t0 0.377 0.199  0.006 0.166 t0 0.231  0.205 0.007 0.168t0 0.242
X,0(10) 0.262 0.028 0.119t0 0.405 0.221 0.007 0.186t0 0.257 0.216 0.008 0.174 to 0.257
Xi0(11) 0.291  0.030 0.139t0 0.443 0.244  0.008 0.203t0 0.284 0.226 0.009 0.180to 0.273
Xi0(12) 0.321  0.034 0.150t0 0.492 0.267  0.009 0.220t0 0.313  0.237 0.011 0.184 to 0.291
X,0(13) 0.351  0.039 0.154t0 0.548 0.289  0.011 0.236 t0 0.343  0.248 0.012  0.187 to 0.309
Xi0(14) 0.380 0.045 0.153t0 0.608 0.312  0.012 0.251t0 0.373 0.258 0.014  0.189to 0.328
Xi0(15) 0.410  0.052 0.149t0 0.671 0.334 0.014 0.265t0 0.404 0.269 0.016  0.191 10 0.347
X10(16) 0.440 0.059 0.143t00.737 0.357 0.015 0.280t0 0.434 0.280 0.017  0.193 to 0.367

X,, stands for the value of factor X, other notations are of the same with table 2.

According to model (1), the conditional distribution of
DMFT for an individual 7 in subgroup k given x; was speci-
fied as a Poisson distribution with mean exp(x;8®), a func-
tion of covariate x;. Thus, the conditional distribution was
individual-specific and the marginal distribution of DMFT
across individuals did not simply follow a Poisson distri-
bution. The fitted R-squared value of Poisson mixture
regression was 0.785, and the marginal distribution of
fitted DMFT was very close to that of the observed DMFT
within each subgroup (see online supplemental appendix
table 3 and figure 1). We also evaluated the model
fitting of Poisson regression and zero-inflated Poisson
(ZIP) regression. The fitted results were summarised in
online supplemental appendix figure 2, tables 3 and 6.
The results show that for both ZIP and Poisson regres-
sion models, the fitted zeros are much smaller than the

observed zeros, while the fitted ones are much larger
than the observed ones. This implies that both models
do NOT fit the data very well, although the ZIP model
may slightly improve the fitted number of zeros for DMFT
compared with a regular Poisson regression model. We
believe the lack of goodness-of-fit is due to the heteroge-
neity in the effects of risk factors on DMFT among popu-
lation. Thus, our proposed Poisson mixture regression
model with subgroup detection can yield better model-
fitting results in the present study.

According to our analysis, there was strong statistical
evidence that the population can be divided into three
groups according to BIC. By comparing the mean DMFT
values, we found that the mean DMFT value of subgroup
3 was much higher than that of other two subgroups. With
the Poisson mixture regression model which clustered

Table 5 Estimation and 95% CI for Wald test to the effect of sugar intake factor X, under the case of controlling regional

factors X; and X, at different levels in different subgroups

Subgroup 1 Subgroup 2 Subgroup 3
(X, X,) Coef. SE Cl Coef. SE Cl Coef. SE Cl
(1to0) 0.019 0.001 0.010t0 0.027 0.122 0.011  0.044 to 0.200 0.007 0.001 -0.002 to 0.016
(Oto 1) 0.130 0.005 0.091t00.168  0.051 0.001  0.042 to 0.060 0.030 0.001 0.021 to 0.040
(0to 0) 0.100 0.007 0.050t0 0.149 0.028 0.001 0.018 to 0.038 0.019 0.002 0.008 to 0.031

X, X, stands for the value of factor X, and X,, other notations are of the same with table 2.
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Table 6 Estimation and 95% ClI for Wald test to the effect of the tooth brushing factor X, under the case of the utilisation of

dental service factors Xi; and X, at different levels in different subgroups

Subgroup 1 Subgroup 2 Subgroup 3

Coef. SE Cl Coef. SE Cl Coef. SE Cl
X X5 0.432 0.005 0.422t00.442  0.340 0.004 0.332t00.348  0.215 0.003 0.209 to 0.221
XoX14 0.730 0.010 0.710 t0 0.750 0.459 0.007 0.445 t0 0.473 0.325 0.006 0.313 to 0.337
X13,X14(1,0) -1.174 0.019 -1.311t01.086 -0.891 0.013 -0.990t00.792 -0.634 0.011  -0.713to 0.556
X135, X14(2,0) -0.742 0.017 -0.866t00.617 -0.551 0.011 -0.633t00.469 -0.420 0.009 -0.487 to 0.352
X135, X14(3,0) -0.310 0.017 -0.431t00.188 -0.211 0.010 -0.286t00.136 -0.205 0.009 -0.271to0 0.139
Xi3,X14(4,0) 0.123 0.017  -0.006 to 0.251 0.129 0.011 0.047 to 0.211 0.010 0.010  -0.062 to 0.082
X135, X14(5,0) 0.554 0.020 0.410t0 0.699  0.469 0.013 0.370t0 0.568  0.225 0.012 0.140t0 0.310
X5, X1a(1,1) -0.444 0.018 -0.576t00.311 -0.433 0.013 -0.5311t00.334 -0.309 0.011  -0.387 to 0.230
Xi5, X14(2,1) -0.012 0.016 -0.131t00.107 -0.093 0.011 -0.174t00.012 -0.094 0.010  -0.161 to 0.027
X5, X143, 1) 0.420 0.016 0.306 t0 0.535  0.247 0.010 0.174t00.322  0.121 0.009 0.057 t0 0.185
Xi5, X14(4,1) 0.853 0.016 0.731t0 0.974  0.587 0.011 0.507t0 0.668  0.335 0.009 0.266 to 0.405
X3, X14(5,1) 1.285 0.019 1.148 to 1.422 0.928 0.013 0.830 to 1.025 0.550 0.011 0.468 to 0.633

X, X,, represents the values of X, and X, . ‘Coef.” is the estimation of the effect of under different cases, ‘SE’ stands for the SE of

Wald statistics in testing Coef. is 0 or not, and ‘CI’ is the corresponding 95% CI.

individuals into groups and helped us to find the individ-
ualised group, the subgroup 3 was referred to as adoles-
cents with high risk of dental caries. According to the
parameter estimates of the three subgroups in the model,
we also found that the heterogeneity of risk factors can be
explained by social demographic characteristics.

Dental caries is a disease caused by an ecological shift
in the composition and activity of the bacterial biofilm
when exposed over time to fermentable carbohydrates,
leading to a break in the balance between deminerali-
sation and remineralisation.” The prevalence of dental
caries has been increasing with China’s rapid economic
development in the past 10 years.® However, due to the
distinctions in economic status, culture, education and
diet among different regions in China, the prevalence
of dental caries differs widely from east to west. This
study found that adolescents in the eastern region have
fewer DMFT in the average level of the caries popula-
tion and that adolescents in the central region have
fewer DMFT in the high caries population. Adolescents
in the western region still had the highest prevalence
of dental caries. By the end of 2015,** there were great
regional differences in gross domestic product (GDP).
The per capita GDP of the eastern, central and western
regions was $11,400, $6635 and $5967, respectively.
According to the Report of the National Investigation
of Resources for Oral Health in China (2015), the ratio
of the number of dentists to the population of the east,
centre and west regions was 1:6265, 1:8253 and 1:9968,
respectively.”” In addition, the economic development
level and the distribution of human resources for oral
health in China were extremely uneven. For instance, in

some provinces and municipalities at a higher level of
economic development, such as Beijing and Tianjin, the
ratio of dentists to the population had already reached
the WHO criteria and in some areas (eg, the urban area)
had even exceeded the standard of developed countries.
However, in underdeveloped areas, this ratio remained
much lower than the WHO criteria, and the dental work-
force was seriously insufficient. This unequal distribution
of economic development levels and human resources
for oral health is be a major reason for the regional
differences in dental caries.

The rapid growth in regions with high-level economic
development has changed lifestyles; more cariogenic
foods and drinks are consumed as a result, making sugar
the greatest dietary risk factor for the development of
dental caries.”® There is a change in behaviour from
early childhood to adolescence as adolescents become
more independent in selecting their food and drinks.
This could increase the risk of caries development.?” As
shown in our study, adolescents with a higher frequency
of sugar consumption had more DMFT, but the influ-
ence decreased with the increasing severity of DMFT.
In the case of controlling sugar intake and increasing
sugar consumption, the influence of the eastern regional
factor gradually weakened, while the difference between
the central and western regions became significant and
gradually increased. We previously noted that the eastern
region had the most highly economically developed areas
and greater accessibility of oral health services. This may
be why the influence of sugar consumption weakened with
increasing sugar consumption in the eastern region. We
hypothesised that sugar consumption could have a more
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powerful influence in the western or central regions due
to regional inequality.

Older adolescents are more likely to have more DMFT.
Clinical study data show that newly erupted teeth, espe-
cially the first permanent molars, are most vulnerable to
dental caries in the first 2-4 years.*” Our study showed
that the influence of age was strongest in the high caries
subgroup. Therefore, the importance of focusing on
preventive measures in the first critical years after tooth
eruption in the high caries risk population based on the
caries risk assessment system should be emphasised.*

As found in previous studies,” *' pit-and-fissure sealant
could prevent caries. Approximately 60.9% of dental
caries in the permanent teeth of 12-year-old Chinese chil-
dren occurs in the pits and fissures of posterior teeth.”
Despite strong evidence of effectiveness, sealants were
underused, especially among adolescents at higher risk
for dental caries.”” Less than 7% of 12-year-old Chinese
adolescents have received sealants,2 which is far below the
level of developed countries.”® US national data indicate
that 38% of this population received sealants, compared
with 47% of higher-income children. Increasing the prev-
alence of sealants among children is a national health
objective in China.** Moreover, our study found that the
power of sealants for preventing DMFT decreased with
increasing severity. This is an indication that sealant is not
sufficient for the prevention of caries in high-risk adoles-
cents. These adolescents must be managed aggressively
to eliminate or reduce the possibility of new or recurrent
caries lesions. For example, bacterial testing, antimicro-
bial treatments, 1.1% NaF toothpaste, 5% NaF fluoride
varnish and xylitol are standard regimens for all high-risk
patients.”

This study has some limitations. This research on
dental caries using cross-sectional data collection could
not represent casual relationships between dental caries
and the related factors, and hence, was unable to indicate
how caries changes over time in the general population
or in a given sample and what variables are associated with
the overall trend and the differences within and among
persons. In addition, dental caries data with larger scale
and longitudinal comparisons would be necessarily bene-
ficial to validate the model-fitting results by the Poisson
mixture regression model in future studies. Nevertheless,
the latest data used in the present study could provide
some helpful suggestions for the future trend of oral
health promotion measures in China. Owing to the
heterogeneity of risk factors in different populations,
group-individualised strategies based on risk assessment
levels are needed for adolescents with distinct dental
health characteristics and will affect decisions in the use
of antibiotics, fluoride, sealants, and the frequency of
radiographs and periodic oral examinations, as well as
management procedures for other risk factors. Public
health policy makers should also keep in mind that group
individualisation is of important value to be carefully
considered in planning future population-based oral
health promotion programmes.

In summary, the risk factors of dental caries exhibited
heterogeneity in groups with different characteristics.
The Poisson mixture regression model could cluster
individuals into groups and identify the heterogeneous
effects of risk factors among different groups. The find-
ings support the need for different targeted interventions
and prevention measures in groups with different dental
health characteristics.
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