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ABSTRACT
Objective: To determine the factors associated with the prevalence of dental caries and decayed, missing,
and filled teeth index (DMFT) in adolescents and young adults using logistic and negative binomial
regression.
Methods: A cross-sectional epidemiological study was conducted on a sample of 638 subjects 16-25
years of age in San Luis Potosi, Mexico. Binary logistic regression was used to generate a model of the
prevalence of caries and negative binomial regression was used to model the caries experience (DMFT
index). Clinical examination was carried out by dentists trained in the criteria of caries (WHO). The
independent variables were collected using questionnaires. Analyses were performed in Stata.
Results: In multivariate models, it was observed that lower maternal education (OR = 1.95), dental health
services utilization (DHSU) (OR = 2.25) and reporting "good" oral health (OR = 0.34) were associated (p
<0.05) with the prevalence of caries (DMFT> 0). For those who experience caries (DMFT), female
gender, lower maternal education and DHSU increased the expected mean of DMFT by 26%, 22.4% and
36.7%, respectively. In addition, self-reported "regular" and "good" oral health declined 30.0% and
47.0%, the expected average DMFT.
Conclusions: The variables associated with the prevalence of caries (DMFT> 0) and the DMFT were the
same in the models used, except for sex. The mother's schooling proved the existence of certain

socioeconomic inequalities in oral health.
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Factors Associated to Dental Caries

Factores socio-conductuales asociados a la prevalencia de caries y al indice CPOD en
adolescentes y adultos jovenes en un pais en desarrollo

Resumen
Objetivo: Determinar los factores asociados a la prevalencia de caries dental y al indice de
dientes cariados perdidos y obturados (CPOD) en adolescentes y adultos jovenes empleando
andlisis de regresion logistica y binomial negativa.
Material y Métodos: Se llevo a cabo un estudio epidemiolédgico transversal en una muestra de
638 sujetos de 16 a 25 afios de edad en San Luis Potosi, México. Se utilizé regresion logistica
binaria para generar un modelo de la prevalencia de caries y otro de regresion binomial negativa
para modelar la experiencia de caries (indice CPOD). Los examenes clinicos lo realizaron
dentistas capacitados en el criterio de caries (OMS). Las variables independientes se recogieron
utilizando cuestionarios. Los analisis se ejecutaron en Stata.
Resultados: En los modelos multivariados, se observd que la menor escolaridad de la madre
(RM=1.95), la utilizaciéon de servicios de salud bucal (USSB) (RM=2.25) y el reporte de
"buena" salud bucal (RM=0.34) se asociaron (p<0.05) a la prevalencia de caries (CPOD>0). Para
la experiencia de caries (CPOD): el sexo femenino, la menor escolaridad de la madre y la USSB
incrementaron la media esperada del CPOD en 26.0%, 22.4% y 36.7%, respectivamente. Por
otro lado, el autoreporte de salud bucal "regular" y "bueno" disminuy6 en 30.0% y 47.0%, la
media esperada del CPOD.
Conclusiones: Las variables asociadas a la prevalencia de caries (CPOD>0) y al indice CPOD
fueron las mismas en los modelos utilizados, excepto para sexo. La escolaridad de la madre
demuestra la existencia de ciertas desigualdades socioecondmicas en salud bucal.

Palabras clave: salud bucal; caries dental; adolescentes; desigualdades en salud; México.
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INTRODUCTION
Dental caries is one of the most prevalent chronic diseases in the world and one of the primary
causes of pain and suffering. It also has physical, psychological and economic implications. Due
to its high prevalence and incidence, it is considered to be the main problem in oral public health.
Even though it is reversible in its early stages, when settled, caries progresses slowly, causing
destruction of the hard tissues of the tooth and becomes a major cause of tooth mortality if not
controlled by appropriate treatment. Similarly, being a cumulative disease, once it occurs, its
manifestation persists throughout life even after receiving dental treatment (1, 2).
Epidemiological studies conducted in recent years on caries in preschoolers (3, 4), school
children (5, 6) and adolescents (7, 8) in developing countries like Mexico have shown that it is a
problem of oral public health, observing high unmet health needs for what is essentially a
preventable disease. These studies have mainly focused on preschool and school age children.
Consequently, the state of oral health in adolescents over 15 years old and young adults under 25
years old represents a large gap in knowledge at the national and international level (9).
According to the report "The Global Burden of oral conditions in 1990-2010" derived
from "The Global Burden of Disease (GBD) 2010 Study", untreated caries in permanent
dentition is the most common problem and the highest burden of disease (10). In world literature
it is mentioned that the presence of dental biofilm is considered an etiologic factor for caries (1,
11). In addition, there are several associated factors that can modulate its appearance, supporting
the evidence that caries is a multifactorial disease. Variables consistently related to this condition
are parents’ schooling (7, 12), predominantly the mothers” education, household income (12),
race (13), health insurance (13), as well oral hygiene practices such as regular brushing and the

use of other devices for oral hygiene (1, 12, 14). Other variables include certain lifestyles habits
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such as smoking (13, 14), consumption of sweet snacks (14), experience with health services and
clinical variables such as previous dental treatment (7, 14, 15), experience of dental illness (16),
enamel defects (16, 17), oral health programs like fluoridation (13, 18) or the application of
dental sealants (13). Additionally, socio-demographic variables such as age and sex could
contribute to the development of dental caries (7, 13, 14, 16).

The analytical approach that is done in most studies is dichotomized into those with
caries experience (DMFT >0) and those without caries (DMFT = 0), i.e., they analyze the
prevalence of caries. This perspective is not wrong; however, information about people who
have more severe caries is lost. Furthermore, linear regression analysis is occasionally used to
analyze the DMFT (decayed, missing, and filled teeth) index. However, an assumption for this
model is that the dependent variable must be on a continuous scale because DMFT index is a
count variable, and thus this approach is erroneous.

The aim of this study was to determine factors associated with the prevalence of caries using
logistic regression analysis and DMFT index using negative binomial regression model on a

sample of Mexican adolescents and young adults.

MATERIAL AND METHODS

Design, population and study sample

This report is part of a project where various oral health indicators were measured. A study was
performed with a cross-sectional design in which adolescents and young adults from 16 to 25
years were included. The subjects were randomly selected from the students applying for

undergraduate programs from San Luis Potosi University (UASLP), which is the public state
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university and concentrates the majority of people who want university education. The sample
size was calculated based on a previous study (8). Since the previous study was used to estimate
several oral health indicators, the calculation of sample size took into consideration the following
criteria: 75% ratio estimate, 95% confidence level, an accuracy of 3.5% and a non-response rate
of 10%. With these criteria, a sample size of 653 was determined. The inclusion criteria
included: a) both genders, b) age between 16-25 years old and c) a complete application to enter
UASLP. Exclusion criteria were as follows: a) subject who completed the process, but did not
attend their clinical oral examination, b) presence of orthodontic appliances and c) incomplete
questionnaires with less than 90% of items answered. Accounting for the inclusion and exclusion
criteria, the final sample size was 638 subjects, 97.7% of the calculated sample size.

Data collection and variables shaping

DMFT index (decayed, missing, and filled teeth) was used for detecting dental caries. This index
is recommended by the WHO and is accepted internationally for epidemiological studies on oral
health. All subjects were clinically examined by one of two examiners (trained and standardized,
Kappa>0.85) to identify dental caries using a flat dental mirror, probe and artificial light. The
dependent variables were the DMFT index and the prevalence of caries, and a model was
generated for each variable. Sociodemographic, socioeconomic and behavioral variables were
collected with a previously validated questionnaire. The independent variables included in this
study were: sex (O=male, 1=female), age (16-25 years), number of individuals that share the
same household spending (1 to 11), work other than studying (0=No, 1= yes), mother and father
schooling (0=high school and more, 1= less than high school), having a car at home (0=yes,
1=no), socioeconomic status (in tertiles), holding health insurance (0= with insurance, 1=

uninsured), oral pain in the 12 months prior the study (0 = no, 1 = yes), use of oral health
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services (USSB) in the 12 months prior to the study (0 = no, 1 = yes), frequency of tooth
brushing (0 = less than twice/day, 1 = at least twice/day), tobacco consumption (O=never,
I=former smokers, 2=current smoker), fruit consumption (in tertiles), consumption of sweet
snacks (in tertiles), consumption of dairy products (in tertiles), self-report of oral health status (0
= poor/very poor, 1 = moderate, 2 = good/very good), and oral health knowledge (in tertiles).
Principal components analysis (PCA) was undertaken, specifically polychoric correlation
(19) to reduce the dimensions of certain variables and to construct the socioeconomic position,
consumption of fruits, sweet snacks, dairy products and oral health knowledge factors were
streamlined into one principal component. Following this analysis, the components generated
were divided into tertiles where the first tertile represented the group with the lowest condition
and the third tertile represented the group with the highest condition.
Statistical analysis
An univariate analysis was performed to report measures of central tendency and dispersion for
continuous variables, as well as frequencies and percentages for categorical variables. For the
bivariate analysis, X, Mann-Whitney and Kruskall-Wallis tests were performed according to the
measuring scale of the tested variables. Logistic regression was implemented to model the
prevalence of caries (DMFT>0) and negative binomial regression for the DMFT index. The
latter regression analysis is designed to model counting variables so that DMFT is a discrete
variable (count) that can only have integer values. Since the DMFT is not a continuous variable,
the lineal regression model is dismissed. In addition, there is over-dispersion (the variance is
higher than the mean) with the analysis, the mean was 4.24 and the variance was 14.82,

dismissing the Poisson model. Under this model using latter regression analysis, the association
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of exposure variables with disease severity was evaluated instead of only the presence or the
absence of the event.

Variables that showed a p value <0.25 (20) in the bivariate analysis were included in the
analytical models. The statistical package Stata 11® was used.

Ethical considerations

This study was carried out according to the General Health Law in research and scientific
principles of Helsinki. All subjects signed informed consent. The protocol was approved by the

Advanced Education in General Dentistry, Master Degree Program at San Luis Potosi, Mexico.

RESULTS

A total of 638 subjects with a mean age of 18.76 = 1.76 were evaluated. The gender distribution
was 324 men (50.8%) and 314 women (49.2%). The descriptive results are summarized in Table
I. Some students, 31.8%, performed part-time work outside of their studies. In the studied
sample, the mean family size was 4 members. Additionally, 57.2% of the mothers and 43.6% of
the fathers had an educational level lower than high school. Within the households, 80.4% had a
car and 64.3% had some type of health insurance. In the 12 months prior to the study, 34.0% had
experienced oral or dental pain and 63.8% used dental health services. A brushing frequency of
at least twice a day was reported by 81.5% of the participants. Current use of tobacco was
reported by 20.9% of subjects, while 5.6% were considered to be former users. Of all individuals
surveyed, 36.1% self-reported as having good oral health and most (50.8%) considered
themselves to have moderate oral health. As mentioned in the methodology section,

socioeconomic status, fruit consumption, sweet snacks, dairy products and oral health knowledge
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were divided into tertiles. DMFT index was 4.24 + 3.85 and caries prevalence was 76.5%. The
results of the DMTF index distribution and the caries prevalence through the independent
categorical variables included in the study are shown in Tables II and III.

The multivariate models are shown in Tables IV and V. For the caries prevalence
(DMFT>0), it was observed that adolescents and young adults whose mother had a lower
education level had a significantly increased (OR=1.95; 1C95%=1.33-2.87) chance of presenting
caries compared to adolescents and young adults whose mother had a higher education level.
Subjects who attended oral health services during the year prior to the study had a higher
possibility of presenting caries compared to those who did not attend to oral health services
(OR=2.25; 1C95%1.52-3.32). On the other hand, those subject who self-reported “good” oral
health (OR = 0.34) had a decreased possibility of developing dental caries (Table IV). The model
for caries index (DMFT mean) is shown in Table V, indicating that female gender, decreased
education of the mother and DHSU increased the expected mean for DMFT by 26.0% (p=0.005),
22.4% (p=0.015) and 36.7% (p<0.001), respectively. On the other hand, “moderate” and “good”
oral health self-reports decreased DMFT mean by 30.0% (p=0.038) and 47.0% (p=0.003),

respectively.

DISCUSSION

The purpose of this study was to determine the socio-behavioral factors associated with caries
indicators, the experience (mean DMFT) and the prevalence (DMFT>0) by using two different
regression models. In this regard, certain variables associated with caries were observed in

Mexican adolescents and young adults. It has been well documented in epidemiological studies
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that women have higher levels of caries compared to men (13, 14). Women and girls face
disadvantages that are mainly due to inequity. Frequently in developing countries,
discrimination exists against women and girls in health, education and the labor market. In
health, more so than other sectors, variables such as sex (biological) and gender (behavioral and
social) are recognized as useful parameters for research and action since biological differences
between sexes determine specific diseases for men and women. For behavioral differences
between genders, a key role is assigned to women in relation to family health (21). In regards to
oral aspects of health, women have an earlier eruption compared to men, and thus oral exposure
to the acidic environment is longer in females. It is necessary to express that in this study, the
association between sex and caries, was observed only in caries experience (DMFT index) while
showed no association with the caries of prevalence.

In recent years, there has been growing interest in social determinants related to health.
Socioeconomic aspects have a wide influence on different aspects of general health. The results
of this study on oral health are consistent with those made by other authors who also used
mothers’ education level as an indicator of socioeconomic position (SEP) (7, 12, 16). It is known
that a population with higher socioeconomic level presents better health, known as social
gradient. Individual SEP is multidimensional and the main issues are education level and social
class, based on occupation and income, leading to the major differences in health. The
association between SEP and health could be a result of a difference in access to health
information and access to oral health services.

Oral health services seem to have a negative effect on caries indicators such as DMFT
and prevalence. This has been observed not only in Mexico, but also in several other countries

(1, 7, 15). The observed effect of these two variables could be due to the component “filled
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tooth” from DMFT, which had a higher percentage in this sample. This might be because DMFT
is a risk indicator. A higher DMFT indicates a greater chance of presenting caries experience, but
it points to past experiences and not treatment needs (or untreated caries). When used as a
variable for the type of service used, it has been reported that the use of oral health services is a
protective factor for dental caries (14).

For several years, there has been growing desire to measure the perception of health
status in several scenarios. Currently, health self-reporting is one of the most widespread
measures of perception evaluated in social epidemiology (22, 23). It is a common indicator of
health status, and despite the lack of a direct clinical evidence, it correlates with more complex
health measures (24). Self-reporting has been employed as a morbidity (25, 26) and mortality
(27,) predictor. In this regard, the present study showed that health perception behaves as a risk
indicator for experience and dental caries prevalence.

This study failed to find an association between dental caries and several indicators.
Therefore, the findings of this study contributed to the debate about the role of certain variables
in the development of dental caries. For example, although tobacco use has had a proven effect
on periodontal health (28), the correlation with dental caries has been controversial (29).
Furthermore, dietary habits play an important role in dental caries etiology. The introduction of
refined carbohydrates in the modern diet has been associated with an increase in dental
experience and prevalence (30). Removal of plaque through tooth brushing also has been
documented (5, 12). In this study, no relation to these variables and dental caries was found.

The study has limitations that should be taken into account when interpreting the results.
The first limitation is related to design. Cross-sectional design measures cause and effect at the

same time. This can result in cross ambiguity, therefore only detecting associations and not

10



Garcia-Cortes et al

causal relationships. It is likely that the lack of association of several variables with dental caries
is due to the selection of a homogeneous sample. It could also be due to the introduction of
reporting bias in which subjects reported better conditions when in fact they were not.

Based on these results, we can conclude that, with the exception of sex, which is only
associated with caries experience, the variables associated with caries prevalence (DMFT>0) and
DMFT index were the same in both regression models. Mothers” education level proves the
existence of certain socioeconomic inequalities in oral health. It is necessary to explore the

association of subjective variables such as oral health self-reporting with dental caries.
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Table 1: Descriptive analysis of variables included in the study

Variables Mean+SD  Limits
Age (years) 18.76+1.76  16-25
Household members 4.01+1.78 1-11
Frequency  Percentage

Sex

Men 324 50.8

Women 314 49.2
Work (besides studying)

No 435 68.2

Yes 203 31.8
Mother’s schooling level

High school and more 273 42.8

Less than high school 365 57.2
Father’s schooling level

High school and more 360 56.4

Less than high school 278 43.6
Socioeconomic position

Ist tertil 217 34.0

2nd tertil 219 343

3rd tertil 202 31.7
Car in the household

Yes 513 80.4

No 125 19.6
Health insurance

With 410 64.3

Without 228 35.7
Pain in the previous 12 months

No 421 66.0

Si 217 34.0
DHSU in the previous 12 months

No 231 36.2

Yes 407 63.8
Frequency of tooth brushing

Less than twice a day 118 18.5

Al least twice a day 520 81.5
Tobacco use

Never 469 73.5

Former smoker 36 5.6

Smoker 133 20.9
Fruit consumption

Low 213 334

Medium 213 334

High 212 33.2

Sweet snacks consumption
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Low
Medium
High
Dairy consumption
Low
Medium
High
Oral health self-report
Bad
Moderate
Good
Oral health knowledge
Low
Medium
High

213
213
212

213
214
211

84
324
230

248
184
206

334
33.4
33.2

334
33.5
33.1

13.2
50.8
36.1

38.9
28.8
323
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Table 2: Bivariate logistic regression analysis between caries prevalence and independent
variables

Variables DMFT>0 OR (IC95%) p value
Age 76.5 1.06 (0.96 - 1.19)  0.248
Household members 76.5 1.07 (0.96-1.19) 0.193
Sex

Men 75.3 1*

Women 77.7 1.14 (0.79 - 1.65) 0.475
Work (besides studying)

No 76.8 1*

Yes 75.9 0.95(0.64 -1.40) 0.799
Mother’s schooling level

High school and more 70.3 1*

Less than high school 81.1 1.81 (1.25-2.61) 0.002
Father’s schooling level

High school and more 73.6 1*

Less than high school 80.2 1.45(1.00-2.12) 0.052
Socioeconomic position

Ist tertil 75.6 1*

2nd tertil 78.5 1.18 (0.76 - 1.85)  0.462

3rd tertil 75.3 0.98 (0.63-1.53) 0.938
Car in the household

Yes 76.6 1*

No 76.0 0.97 (0.61 -1.53) 0.886
Health insurance

With 76.1 1*

Without 77.2 1.06 (0.72 - 1.56)  0.755
Pain in the previous 12 months

No 74.8 1*

Si 79.7 1.32(0.89-1.97) 0.167
DHSU in the previous 12 months

No 69.3 1*

Yes 80.6 1.84 (1.27-2.67) 0.001
Frequency of tooth brushing

Less than twice a day 73.7 1*

Al least twice a day 77.1 1.20 (0.76 - 1.90) 0.434
Tobacco use

Never 75.3 1*

Former smoker 86.1 2.04 (0.77-5.36) 0.149

Smoker 78.2 1.18 (0.74-1.87)  0.486
Fruit consumption

Low 73.2 1*

Medium 79.3 1.40 (0.89-2.20) 0.139

High 76.9 1.21(0.78 -1.89) 0.385

Sweet snacks consumption

18



Garcia-Cortes et al

Low 75.6 1*

Medium 78.4 1.17(0.75-1.84)  0.490

High 75.5 0.99 (0.64 - 1.55) 0.978
Dairy consumption

Low 74.6 1*

Medium 75.7 1.06 (0.68 - 1.64) 0.801

High 79.1 1.29(0.82-2.03) 0.272
Oral health self-report

Bad 84.5 1*

Regular 79.9 0.73 (0.38-1.40) 0.342

Good 68.7 0.40 (0.21-0.77)  0.006
Oral health knowledge

Low 77.4 1*

Medium 73.9 0.83 (0.53-1.29) 0.400

High 77.7 1.01 (0.65-1.58) 0.949

*Reference category
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Factors Associated to Dental Caries

Table 3: Bivariate analysis of negative binomial regression between the DMFT and independent

variables
Variables DMFT coefficient Change %  p value
Age 4.2443.85 0.0021 No effect 0.926
Household members 4.24+3.85 0.0255 No effect 0.271
Sex

Men 3.70£3.33 1*

Women 4.79+4.26 0.2571 29.3% 0.002
Work (besides studying)

No 4.284+3.92 1*

Yes 4.1443.70 -0.0332 No effect 0.713
Mother’s schooling level

High school and more 3.7843.87 1*

Less than high school 4.58+3.80 0.1936 21.3% 0.022
Father’s schooling level

High school and more 4.15+4.01 1*

Less than high school 4.36+3.63 0.0491 No effect 0.562
Socioeconomic position

Ist tertil 4.13+3.67 1*

2nd tertil 4.29+£3.90 0.0366 No effect 0.719

3rd tertil 4.30+4.00 0.0388 No effect 0.709
Car in the household

Yes 4.15+£3.85 1*

No 4.59+3.82 0.1007 No effect 0.338
Health insurance

With 4.16+3.69 1*

Without 4.38+4.12 0.0522 No effect 0.551
Pain in the previous 12 months

No 3.99+3.82 1*

Si 4.71£3.86 0.1661 No effect 0.059
DHSU in the previous 12 months

No 3.48+3.56 1*

Yes 4.66+3.94 0.2918 33.9% 0.001
Frequency of tooth brushing

Less than twice a day 3.85+3.61 1*

Al least twice a day 4.33+3.90 0.1174 No effect 0.281
Tobacco use

Never 4.17+3.89 1*

Former smoker 4.554+3.92 0.0893 No effect 0.624

Smoker 4.4143.68 0.0559 No effect 0.590
Fruit consumption

Low 3.98+£3.92 1*

Medium 4.334+3.79 0.0859 No effect 0.404

High 4.40+3.84 0.1025 No effect 0.320

Sweet snacks consumption
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Low 4.06+3.73 1*

Medium 4.64+4.24 0.1328 No effect 0.194

High 4.00+3.53 -0.0151 No effect 0.884
Dairy consumption

Low 4.20+3.87 1*

Medium 4.21+4.10 0.0042 No effect 0.967

High 4.30+3.57 0.0250 No effect 0.809
Oral health self-report

Bad 5.28+3.94 1*

Moderate 4.25+3.71 -2174 No effect 0.087

Good 3.83+3.94 -.3209 -38.9% 0.016
Oral health knowledge

Low 4.12+3.59 1*

Medium 4.46+4.43 0.0805 No effect 0.435

High 4.18+3.60 0.0163 No effect 0.871

*Reference category

Table 4: Multivariate logistic regression model for the prevalence of caries (DMFT>0) in college
students

Variables OR (IC95%) p value
Mother’s schooling level

High school and more 1*

Less than high school 1.95(1.33 -2.87) 0.001
DHSU in the previous 12 months

No 1*

Yes 2.25(1.52-3.32) 0.000
Oral health self-report

Bad 1*

Moderate 0.64 (0.33 - 1.26) 0.203

Good 0.34 (0.17 - 0.67) 0.002

* Reference category.
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Factors Associated to Dental Caries

Table 5: Multivariate negative binomial regression model for DMFT in college students

Variables Coefficiente Change %  p value
Sex

Men 1*

Women 0.2267 26.0% 0.005
Mother’s education level

High school and more 1*

Less than high school 0.2024 22.4% 0.015
DHSU in the previous 12 months

No 1*

Yes 0.3092 36.7% <0.001
Oral health self-report

Bad 1*

Moderate -0.2617 -30.0% 0.038

Good -0.3895 -47.0% 0.003

* Reference category.



