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ABSTRACT 

Introduction: Dental caries is the most prevalent 
chronic disease among schoolchildren. We 
aimed to investigate the association between 
dental caries index and socio-demographic 
status in schoolchildren by using a multilevel 
hurdle model. Materials and Methods: A cross- 
sectional epidemiological study was carried out 
on 906 primary school pupils in Kerman, Iran in 
2012. The subjects were selected through a 
stratified cluster random sampling. At first, the 
whole target area was stratified according to two 
geographic areas, the north and south area. 
Then each area was stratified according to 
gender. In the next step, several schools were 
considered as clusters, which were selected 
randomly in each geographic area and gender 
strata. All the schoolchildren in these schools 
were included in this study as samples. Twelve- 
year-old pupils were examined for dental caries. 
The dependent variable in this study was the 
dmft/DMFT index. Eight variables, including 
socio-demographic information, were collected. 
Multilevel negative binomial hurdle model was 
employed for data analysis. Results: The preva- 
lence of caries-free pupils was 30.1% and the 
mean dmft/DMFT was 3.6 ± 2.2. Negative bino- 
mial part of the adjusted model showed that the 
dmft/DMFT adjusted rate for females was 1.36 
(95% CI: 1.10 - 1.79) times higher than males. 
Also, the dmft/DMFT adjusted rate for over- 
weight pupils was 0.86 (95% CI: 0.74 - 0.98) times 
lower than those with normal weight. Logistic part 
of the adjusted model showed that the posibility 

of caries-free state in overweight pupils was 1.95 
(95% CI: 1.22 - 3.11) times higher than those with 
normal weight. In addition, pupils whose fathers 
and mothers were workers and housewives, res- 
pectively, and those with a high maternal age 
were at a greater risk for caries experience than 
others (p < 0.05). Conclusion: BMI, gender, par- 
ent’s job and mother’s age at delivery were fac- 
tors effecting on dental caries in schoolchildren. 
These pupils need more attention to dental care. 
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1. INTRODUCTION 

Dental caries is the most prevalent chronic disease 
among schoolchildren. It is a cumulative and progressive 
disease causing pain, infection and possible disfigure- 
ment, particularly in children [1]. The World Health Or- 
ganization’s report on oral health provides an overview 
of global epidemiology of caries, confirming its interna- 
tional pandemic distribution [2]. Nearly 20% of 2 - 4- 
year-old children have clinically detectable caries, and by 
age 17, nearly 80% of young people have one or more 
teeth with caries [3]. The majority of studies within the 
last 10 years in Iran have shown that caries prevalence in 
pupils is 35% - 85% [4-7]. Since children are the most 
susceptible groups to tooth decay, determining dental 
caries indices and factors influencing it as one of the 
most important aims of various research studies in dif- 
ferent countries [2,8]. 

Research has shown that tooth decay is a multi-facto- 
rial disease, which is under the influence of numerous 
factors such as parents’ education, parents’ job, size of *The authors declare no conflict of interests. 
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the family and other socio-demographic factors [9-11]. 
Some studies have shown that variables such as BMI, 
gender and mother’s age at delivery are effective on den- 
tal caries [12-17]. Understanding the impact of socio- 
demographic predictors on dental caries could be useful 
for planning public health policies, thus leading to a bet- 
ter allocation of resources [18]. 

Statistical modeling plays an important role in under- 
standing caries risk factors [19]. Some researcher found 
that caries counts are not generally approximated by a 
normal distribution and common analysis such as t-test 
and linear regression are not appropriate [10,19-21]. In 
addition, there are a high proportion of zero scores for 
dental caries indices. In order to correct results and in- 
terpretations, we used a multilevel negative binomial 
hurdle model. The hurdle model approach is a 2-part 
count regression method which deals with the phenome- 
non of excess zeros in data [19]. 

We aimed to investigate the association between den- 
tal caries index and socio-demographic factors in 12- 
year-old schoolchildren living in Kerman, the largest and 
most important city in southeast Iran, in 2012. We at- 
tempt to identify those children at greatest risk to dental 
caries formation. 

2. METHODS 

2.1. Data Set Examined 

This cross-sectional study was carried out on 906 
twelve-year-old schoolchildren in Kerman, Iran in 2012. 
In Iran, trained school nurses regularly examine the 
health information for pupils in primary schools. The 
dental examination was carried out by school nurses for 
detection of dental caries in accordance with World 
Health Organization criteria [22]. The dental examina- 
tion was noninvasive and x-rays were not used. These 
health records were used and socio-demographic infor- 
mation was recorded for selected pupils in 2012. The 
subjects were selected through a stratified cluster random 
sampling. At first, the whole target area was stratified 
according to two geographic areas, the north and south 
area; the northern area generally has a better economic 
situation than the southern area. Then each area was 
stratified according to gender. In the next step, several 
schools were considered as clusters, which were selected 
randomly in each geographic area and gender strata; all 
the schoolchildren in these schools were included in this 
study as samples. The subjects were from ten boy 
schools and nine girl schools, representing 10% of the 
target population. 

2.2. Measurements 

In this research, the dmft/DMFT index was used as the 
dependent variable because it defines the condition of 

caries in children [22]. This index was calculated as the 
sum of total decayed (d/D), missing (m/M) and filled (f/F) 
teeth for primary and permanent dentitions, respectively. 

Pupil’s BMI (Body Mass Index) was calculated as 
weight in kilograms divided by the square of the height 
in meters (kg/m2). Standardized percentile curves of BMI 
in Iran were used. According to these curves under- 
weight condition is defined as under the 5th percentile 
curve, normal as between the 5th and 85th percentile, at 
risk of overweight as higher than the 85th and lower than 
the 95th percentile and overweight as higher or equal to 
the 95th percentile [23]. 

The categorical variables for pupils, studied here, in- 
cluded gender (boy/girl), family size (three, four and five 
or more) and BMI (underweight, normal, at risk of over- 
weight and overweight). Parental data included father’s 
and mother’s education (high school degree or lower/ 
university), father’s job (employee, worker and self-em- 
ployed), mother’s job (employee/housewife) and mother’s 
age at delivery (less than 35/more than 35 years). 

2.3. Reliability and Validity 

For assessing inter-examiner reliability (i.e. school 
nurses), three school nurses and twenty pupils were se- 
lected. Then, dental examinations were carried out by 
each school nurse on all the twenty pupils. The intra- 
class correlation (ICC) between the results of examina- 
tions (dmft/DMFT) for school nurses was 0.91, demon- 
strating a high agreement rate between school nurses. In 
addition, for assessing validity, a dentist carried out den- 
tal examinations on the same twenty pupils. Then the 
results were compared with those of school nurses. Re- 
peated measures analysis of variance did not show any 
significant differences between the dentist and school 
nurses in relation to dental examinations (ρ = 0.26). In 
addition, Pearson’s correlation coefficients (ρ) between 
the dentist and each school nurse in relation to dental 
examinations was high (ρ = 0.92 for Examiner 1, ρ = 
0.91 for Examiner 2 and ρ = 0.91 for Examiner 3), indi- 
cating that the results of examinations by school nurses 
were valid. 

2.4. Statistical Analysis 

Frequency and percentages of caries-free (dmft/DMFT = 
0) pupils and categorical variables were reported. The 
mean ± SD for caries severity, dmft/DMFT index, among 
subjects with any caries was reported. A multilevel nega- 
tive binomial hurdle model (MNBH) was used to inves- 
tigate the effect of the variables evaluated on dental car- 
ies, which has recently been suggested as an approach 
that gives a better fit to these types of count data [19]. 

A backward elimination (B.E) approach was used to 
exclude independent variables from the adjusted model. 
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The final model contained only factors that were signifi- 
cant at a significance level of p ≤ 0.05. The odds ratio 
(OR) and its 95% confidence interval were reported in 
relation to the logistic component of the model, corre- 
sponding to the caries-free state. The incidence rate ratio 
(IRR) and its 95% confidence interval were reported in 
relation to the truncated negative binomial component of 
the model, corresponding to caries severity, i.e. dmft/ 
DMFT index [19]. 

The Akaike information criterion (AIC) index was 
used to compare the model used here with Poisson hurdle 
model, as well as with Poisson and negative binomial 
regression model. Data were analyzed using programs 
written with SAS 9.2. 

3. RESULTS 

Table 1 shows different characteristics of the subjects. 
Of the 906 schoolchildren in this study, most were of 
normal weight. The majority of the pupils lived in a fam- 
ily of four persons. The majority of the parents was high 
school graduates or had less education and most were 
self-employed. The majority of mothers were house- 
wives. In addition, most mothers had been under 35 
years at delivery (childbirth). 

The caries-free prevalence in the subjects was 30.1%. 
The mean dmft/DMFT among pupils with any caries was 
3.6 ± 2.2 (range: 0 - 9). The caries-free prevalence and 
the mean dmft/DMFT in the present study are presented 
in Table 1. 

Table 2 shows the results of fitting separate univariate 
multilevel NBH model between each independent vari- 
able and dmft/DMFT index. Logistic parts of these mod- 
els showed that father’s and mother’s job, mother’s age 
at delivery and BMI were significant factors for the 
prevalence of caries-free state (p < 0.05). Other variables 
had no significant effect on the prevalence of caries-free 
state (p > 0.05). According to truncated negative bino- 
mial parts of the hurdle model, only gender and BMI had 
a significant effect on caries severity (p < 0.05). Other 
variables had no significant effect on caries severity (p > 
0.05). 

Table 3 shows the results of fitting multiple multilevel 
NBH model to dmft/DMFT index, containing only fac- 
tors that were significant at the level of p ≤ 0.05. Other 
factors, which are not reported in Table 3, were not sig- 
nificant and at presence of these included significant 
factors had a p > 0.05. This model shows the effect of 
each significant factor adjusted for others. 

 
Table 1. Socio-demographic characteristics of 906 pupils in Kerman. 

Variables  Number (percent) Caries free* dmft/DMFT** 

Boy 487 (53.8) 129 (26.5) 3.2 ± 1.9 
Gender 

Girl 419 (46.2) 144 (34.4) 4.0 ± 2.4 

3 137 (15.1) 43 (31.4) 3.7 ± 2.3 

4 416 (45.9) 137 (32.9) 3.6 ± 2.0 Family size 

≥ 5 353 (39.0) 93 (26.3) 3.6 ± 2.3 

High school and less 678 (74.8) 208 (29.6) 3.7 ± 2.2 
Mother’s education 

University 228 (25.2) 65 (32.0) 3.5 ± 2.0 

High school and less 644 (71.1) 192 (29.8) 3.6 ± 2.2 
Father’s education 

University 262 (28.9) 81 (30.9) 3.8 ± 2.1 

Employee 404 (44.6) 126 (31.2) 3.8 ± 2.2 

Self-employed 439 (48.5) 139 (31.7) 3.5 ± 2.2 Father’s job 

Worker 63 (7.0) 8 (12.7) 3.5 ± 2.1 

Employee 204 (22.5) 80 (39.2) 3.8 ± 2.1 
Mother’s job 

Housewife 702 (77.5) 193 (27.5) 3.6 ± 2.2 

Underweight 16 (1.8) 4 (25.0) 4.1 ± 3.3 

Normal 589 (65.0) 161 (27.3) 3.7 ± 2.2 

At risk overweight 130 (14.3) 43 (33.1) 3.8 ± 2.2 
BMI 

Overweight 171 (18.9) 65 (38.0) 3.3 ± 2.0 

<35 570 (62.9) 188 (33.0) 3.7 ± 2.1 
Mother’s age at childbirth 

≥35 336 (37.1) 85 (25.3) 3.6 ± 2.2 

Total  906 (100) 273 (30.1) 3.6 ± 2.2 

*Frequency (row percentage) for dmft/DMFT = 0 according to each variable; **Mean ± SD for dmft/DMFT > 0. 
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Table 2. Results of fitting multilevel NB hurdle model for dmft/DMFT index (Univariate analysis). 

Logistic part  Negative binomial part 
Variables 

OR* (95% CI**) p-value IRR*** (95% CI) p-value 

Boy 1  1  
Gender 

Girl 1.26 (0.35 - 4.53) 0.70 1.35 (1.09 - 1.77) 0.03 

3 1 - 1 - 

4 1.10 (0.63 - 1.85) 0.77 0.94 (0.80 - 1.10) 0.48 Family size 

≥5 0.75 (0.42 - 1.30) 0.29 0.95 (0.81 - 1.20) 0.49 

High school and less 1  1  
Mother’s education 

University 0.90 (0.5 - 1.5) 0.72 0.96 (0.83 - 1.10) 0.61 

High school and less 1  1  
Father’s education 

University 1.11 (0.70 - 1.69) 0.60 1.05 (0.92 - 1.19) 0.43 

Employee 1 - 1 - 

Self-employed 0.99 (0.68 - 1.50) 0.98 0.95 (0.85 - 1.07) 0.43 Father’s job 

Worker 0.25 (0.10 - 0.68) 0.01 0.94 (0.77 - 1.16) 0.59 

Employee 1  1  
Mother’s job 

Housewife 0.58 (0.37 - 0.92) 0.02 0.98 (0.85 - 1.14) 0.87 

Normal 1 - 1 - 

Underweight 2.15 (0.57 - 8.12) 0.24 0.97 (0.70 - 1.40) 0.85 

At risk overweight 1.50 (0.87 - 2.51) 0.13 0.93 (0.80 - 1.10) 0.40 
BMI 

Overweight 1.97 (1.24 - 3.12) 0.006 0.85 (0.73 - 0.96) 0.03 

<35 1 - 1 - Mother’s age at 
childbirth ≥35 0.58 (0.39 - 0.86) 0.01 1.02 (0.91 - 1.14) 0.75 

*Odds ratio; **Confidence interval; ***Incidence rate ratio. 

 
Logistic part of the adjusted model showed that odds 

of caries-free state in pupils with the father being a 
worker was 0.29 (95% CI: 0.10 - 0.78) fold than those 
with the father being an employee (p = 0.02). The odds 
of caries-free pupils with the mother being a housewife 
was 0.59 (95% CI: 0.37 - 0.93) fold than that in others (p 
= 0.03). The odds of caries-free overweight pupils was 
1.95 (95% CI: 1.22 - 3.11) fold than those with normal 
weight (p = 0.008). Also, the odds of caries-free pupils 
with older mothers (older than 35 years of age) was 0.55 
(95% CI: 0.37 - 0.84) fold than that in others (p = 0.008). 
In the present study, only these four factors were impor- 
tant effective factors for caries prevalence. 

Truncated negative binomial part of adjusted model 
showed that the dmft/DMFT adjusted rate for female 
pupils was 1.36 (95% CI: 1.10 - 1.79) fold than that in 
boys (p = 0.02). In addition, the dmft/DMFT adjusted 
rate for overweight pupils was 0.86 (95% CI: 0.74 - 0.98) 
fold than that in those with normal weight (p = 0.04). In 
this study, only these two factors were important effec- 
tive factors for caries severity. 

In Tables 3, σ2 (cluster) is the between-cluster varia- 
tion that show the variation of dmft/DmFT index and 
caries-free state between schools. In our study, these 
variations were significant (p < 0.05). Therefore, the 

responses were correlated in each school. That is why we 
used a multilevel model, which takes into account the 
correlated nature of responses in each school 

To assess goodness of the fit of our model, we com- 
pared it with other count models. In this study, the 
MNBH model had the least AIC compared to other count 
models, confirming our model (MNBH AIC = 3424.6, 
Poisson hurdle model AIC = 3439.5, Poisson AIC = 
3803.9, negative binomial AIC = 3597.2). 

4. DISCUSSION 

Dental caries, the most common disease of childhood, 
can be associated with home environment and social and 
economic factors, which can persist over a lifetime. It is 
very important to prevent dental caries. The approach to 
primary prevention should be based on common risk 
factors. Also, appropriate statistical modeling plays an 
important role in understanding caries risk factors. In this 
study, an attempt was made to identify those children at 
greatest risk of dental caries by using a hurdle model. 

This study showed that overweight subjects had higher 
caries-free prevalence than others. Also, among pupils 
with caries, overweight pupils had lower caries severity 
than others. Therefore, obesity was in related to caries 
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Table 3. Result of fitting multilevel NB hurdle model* for dmft/DmFT index (Multiple analysis). 

Logistic Part 
Variables  

Adjusted OR 95% CI p-value 

Employee 1 - - 

Self-employed 1.01 0.68 - 1.49 0.98 Father’s job 

Worker 0.29 0.10 - 0.78 0.02 

Employee 1 - - 
Mother’s job 

Housewife 0.59 0.37 - 0.93 0.03 

Normal 1 - - 

Underweight 1.97 0.50 - 7.60 0.30 

At risk overweight 1.49 0.86 - 2.60 0.14 
BMI 

Overweight 1.95 1.22 - 3.11 0.008 

<35 1 - - 
Mother’s age at childbirth 

≥35 0.55 0.37 - 0.84 0.008 

σ2 (cluster)** = 1.7    <0.0001 

Negative binomial part 
Variables  

Adjusted IRR 95% CI p-value 

Boy 1 - - 
Gender 

Girl 1.36 1.1 - 1.79 0.02 

Normal 1 - - 

Underweight 0.96 0.66 - 1.39 0.82 

At risk overweight 0.94 0.80 - 1.10 0.41 

BMI 
 

Overweight 0.86 0.74 - 0.98 0.04 

σ2 (cluster)*** = 0.06    0.0001 

Alpha****= 0.06 (SD = 0.02)   0.02 

Log-likelihood = 1696.3    AIC = 3424.6  

*Backward elimination (B.E) approach; **Variation of caries-free state between schools; ***Variation of dmft/DmFT index between schools; ****Over dispersion 
parameter. 

 
prevalence and caries severity. The results of some stud- 
ies are consistent with those of this study. Macek et al. 
[12] reported an inverse relationship between caries se-
verity and BMI in US children. Sanchez et al. [13] 
showed in Mexico City that overweight children had a 
lower caries index. In a study in Sweden, Norberg et al. 
[14] showed that pupils with low BMI may be at a 
greater risk to develop caries. In addition, some studies 
in Iran are consistent with this study [24,25]. 

Our study was a cross sectional study and caries and 
low BMI coexisted in our subjects. Low BMI may be 
associated with eating habits endangering dental health. 
Against, the low BMI could be caused by problems re- 
lated to dental caries such as pain and toothache. These 
problems affect appetite and may lead to weight loss and 
lower BMI. In addition, a systematic review revealed 
contradictory results [26]. So, these findings might also 
show that further longitudinal study should be conducted 
to determine whether an association exists between den- 

tal caries and BMI and to address what factors specific to 
obesity in children might be protective against dental 
caries. 

In the present study, the caries severity, i.e. dmft/ 
DMFT, was higher in girls compared to boys. Therefore, 
girls were at a greater risk to develop more severe cari- 
ous lesions. Moghimbeigi et al. [15] showed, by using a 
zero inflated model, that the DMF index of girls was 
higher than boys, consistent with the results of the pre- 
sent study. Considering the fact that they adjusted extra 
zeros, high proportions of zero scores for dental caries 
index, in their analysis and in the present study, reflected 
the validity of our results about the effect of gender. In 
this context, some studies have shown more severe cari- 
ous lesions in girls compared to boys [27-30]. Our find- 
ings were expected since permanent teeth erupt 2 - 10 
months earlier in girls compared to boys [31]. 

In the present study, father’s job had a significant ef- 
fect on caries prevalence, i.e. pupils whose fathers were 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



Y. Jahani et al. / Health 5 (2013) 1110-1116 1115

workers were at a greater risk to develop carious lesions 
compared to others. In a study in Tehran, Iran, Amanlou 
et al. [11] found that the caries prevalence in children 
whose fathers were workers was 60%. In a study in Tur- 
key, caries prevalence in the same children was 81.7% 
[32]. The results of these studies are consistent with 
those of this study. It implies that these pupils need more 
attention to dental care. 

This study showed that mother’s job significantly in- 
fluenced caries prevalence, i.e. pupils whose mothers 
were housewives were more susceptible to caries than 
others. In a study in Tehran, Iran, caries prevalence for 
the same pupils was 69%, which was significantly higher 
than others [11], consistent with the results of this study. 
We hypothesized that employed mothers have better 
economic status and are more knowledgeable about den- 
tal health, resulting in the improvement of their chil- 
dren’s oral and dental health status. 

The results of this study showed that pupils with older 
mothers had lower caries-free prevalence than others. 
Therefore, these pupils were at a greater caries risk than 
others. Sufia et al. [16], in a study in Pakistan, showed 
that younger age of the mother had a positive effect on 
the dental health of children, consistent with the results 
of this study. Niji et al. [17] reported higher odds of car- 
ies experience in schoolchildren with younger mothers. In 
addition, Boitor et al. [33] did not find any statistically 
significant differences between maternal age at delivery 
and caries severity, which is not consistent with the re- 
sults of the present study. These findings should be eva- 
luated further. 

Limitations of the present study include its cross-sec- 
tional nature, which limits the ability to identify causa- 
tive factors. Longitudinal designs would increase the 
knowledge on the determinants of dental caries. In addi- 
tion, no information was available about nutritional fac- 
tors and brushing habits of the subjects. It is most appro- 
priate to consider such factors in future studies. 

A positive attribute of this study was the statistical 
analysis that adjusted cluster sampling and extra zero, 
high proportion of zero scores for dmft/DMFT index. In 
addition, a relatively good representative sample of the 
population was selected. 

In conclusion, the findings of this study indicated that 
obese schoolchildren had lower prevalence of caries and 
less caries severity than others. Additionally, the caries 
severity of the girls was more than boys. In addition, 
subjects whose fathers and mothers were workers and 
housewives, respectively, and also those with older mo- 
thers were more at risk of caries experience than others. 
Mother’s and father’s educational status and family size 
were not important caries effective factors in the present 
study. 
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