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Multiple logistic regression 
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 Pentru a analiza dependenţa cariilor dentare şi a bolilor parodontale, cu 
luare în considerare a numărului de factori de risc s-au avut în vedere cererile 
Modelului  de regresie logistică. Studiul secţiunii transversale a implicat un 
eşantion aleatoriu sistematic din 1.760 de pacienţi, cu vârste cuprinse între 18 
şi 40 de ani în Dharwad, Karnataka, India. Factorii de risc ai cariilor dentare 
şi a bolii parodontale au fost stabiliţi prin Modelul de regresie multiplă 
folosind software statistic. Frecvenţa de periaj, temporizările de curăţare 
a dinţilor şi tipul de pastă de dinţi reprezintă principalii factori de risc 
semnifi cativi ai  cariilor dentare  şi bolilor parodontale. Implementarea 
performanţei Modelului de regresie logistic este redusă de o potrivire mai 
bună faţă de Modelul de regresie logistică completă în identifi carea factorilor 
de risc pentru ambele situaţii. 

Abstract
 Purpose: To analysis the dependence of oral health diseases i.e. 
dental caries and periodontal disease on considering the number of risk 
factors through the applications of logistic regression model. Method: The 
cross sectional study involves a systematic random sample of 1760 permanent 
dentition aged between 18-40 years in Dharwad, Karnataka, India. Dharwad 
is situated in North Karnataka. The mean age was 34.26±7.28. The risk factors 
of dental caries and periodontal disease were established by multiple logistic 
regression model using SPSS statistical software. Results:  The factors like 
frequency of brushing, timings of cleaning teeth and type of toothpastes are 
signifi cant persistent predictors of dental caries and periodontal disease. The 
log likelihood value of full model is –1013.1364 and Akaike’s Information 
Criterion (AIC) is 1.1752 as compared to reduced regression model are 
-1019.8106 and 1.1748 respectively for dental caries. But, the log likelihood 
value of full model is –1085.7876 and AIC is 1.2577 followed by reduced 
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regression model are -1019.8106 and 1.1748 respectively for periodontal 
disease. The area under Receiver Operating Characteristic (ROC) curve for 
the dental caries is 0.7509 (full model) and 0.7447 (reduced model); the ROC 
for the periodontal disease is 0.6128 (full model) and 0.5821 (reduced model). 
Conclusions: The frequency of brushing, timings of cleaning teeth and type 
of toothpastes are main signifi cant risk factors of dental caries and periodontal 
disease. The fi tting performance of reduced logistic regression model is slightly 
a better fi t as compared to full logistic regression model in identifying the 
these risk factors for both dichotomous dental caries and periodontal disease.
 Key Words: Dental caries, Periodontal disease, Akaike Information 
Criterion, Receiver Operating Characteristic, Full model, Reduced model

***
 Dental caries and periodontal disease are remains a signifi cant oral 
health problem and are a major cause of tooth loss in adults throughout the 
world. Despite the continuing scientifi c advances geared towards the treatment 
of these diseases, early diagnosis is essential to limit the extent and increase 
the potential for success of any defi nitive therapy provided. In developing 
countries like India, the present trend indicates that there is an increase in these 
diseases and it plays an important role in deciding the oral health status. These 
are multi-factorial diseases; the larger concentration has been paid to fi nd out 
the signifi cant risk factors, which are infl uencing dental caries and periodontal 
disease. Thus, the risk assessment has become increasingly important in the 
prevention of caries and periodontal disease.  However, the changes in our 
knowledge of the etiology and the reorganization of the probable signifi cance 
of susceptibility factors as they affect initiation and progression, have led to 
intense study of specifi c risk factors. 
 To investigate the risk factors associated with a dental caries and 
periodontal disease, the regression methods have become an integral component 
of any data analysis concerned with the explanation of relationship between 
a response variable and one or more explanatory variables called factors. 
Many different types of linear models have been seen in the literature and 
its use is discussed in many areas including dental epidemiology. The use of 
logistic regression modeling has been exploded during the past few decades. 
This method is now commonly applied in many fi elds including biomedical 
research, business and fi nance, criminology, economics, ecology, engineering, 
health policy, medicine, agriculture and dental epidemiology, etc. The logistic 
regression model is an important method to understand the principle that the 
goal of an analysis is the same as that of traditional model building technique 
used in statistical theory to fi nd suitable description of relationship between 
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response variable and a set of factors. In traditional linear regression techniques 
we assumed that dependent variable must be continuous or quantitative.
 In logistic model, we consider the response variable is a categorical 
random variable, attaining only two possible outcomes called binary or 
dichotomous. This difference between logistic and linear regression is 
refl ected both in the choice of a parametric model and in the assumptions. 
In this article, the response variables are dichotomous, it is inappropriate to 
assume that they are normally distributed. Thus, the data cannot be analyzed 
using the traditional linear regression methods. It is convenient to denote one 
of the outcomes of response as without and with dental caries (or without and 
with periodontal disease). 

 Response Variables and Independent Factors 
 The Dental caries by DMFT Index and Periodontal Disease by CPITN 
Index are the two independent response variables. For convenience of statistical 
modeling, the DMFT index and CPITN index scores were grouped as 0 and 1 
(DMFT=0, DMFT>0=1and CPITN=0, CPITN>0=1) called binary response 
variable. Apart from response variables, the data set on independent factors 
like socio-economic-demographic, food habits, eating habits, oral hygiene 
practices and deleterious habits are obtained by structured questionnaire 
with personal interview method. However, all independent factors are binary 
in nature except age and socio-economic status.  They are Gender, age (in 
years), religion, caste, socio-economic status, family size, staple food, sources 
of drinking water, types of diet, time for sweet consumption, frequency of sweet 
consumption, oral hygiene habits, frequency of brushing, timings of cleaning 
the teeth, methods of brushing, materials used for brushing their teeth, types 
of toothpaste, mouth rinsing habit, smoking habit chewing habit and alcohol 
habit. The data on these factors were collected and recorded by structured 
questionnaire with interview method. 

 Method and Materials
 Study area, Study population and sampling procedure
 The cross sectional study was conducted in Dharwad, Karnataka, 
India. Dharwad is situated in North Karnataka and is one of the educational 
centers. The cross sectional study involves a systematic random sample 
of 1760 permanent dentition aged between 18-40 years.  Sample size was 
determined based on results of pilot study, which showed that SD of CPITN 
scores was 0.8120 under precision of 5% and 99% of confi dence level, the 
sample size was estimated to be 1756�1760. The mean age of the study 
subject was 34.26±7.28.
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 Clinical Examination
 The selected subjects were called for free dental caries and periodontal 
disease examination by two well qualifi ed community dentists under artifi cial 
light for each subject. The fi ndings of the dental caries by DMFT index and 
periodontal disease by CPITN index were recorded according to diagnostic 
criteria recommended by World Health Organization (1-2). A pilot study 
was conducted with a convenient sample of 150 to assess the intra and inter 
examiner agreement for DMFT and CPITN index scores. The intra-examiner 
agreement was 0.8719 (fi rst examiner) and 0.7193 (second examiner) 
respectively for DMFT index and 0.7984 and 0.8710 for CPITN index.  The 
inter examiner agreement was calculated by Kappa statistic and it was ranged 
from 0.6514 to 0.8795 for both indices. 

 Formulation of Multiple Logistic Regression Model
 Nelder and Weldderburn (3) introduced generalized linear models 
which are a class of statistical models. It includes response variables that 
follow any probability distribution in the exponential family of distributions. 
An excellent treatment of generalized linear models is presented in Agresti (4). 
In this study the response variables are binary; therefore, the logistic regression 
model is an appropriate model, which is a part of generalized linear models. 
The response variable can take the value 1 with a probability of success P, 
or the value 0 with probability of failure 1-P. This type of variable is called 
a Bernoulli (or binary) variable. The relationship between the predictor and 
response variables is not a linear function in logistic regression; instead, the 
logistic regression function is used, which is given as
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using the maximum likelihood method (5). Logistic regression calculates the 
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probability of success over the probability of failure; therefore, the results of 
the analysis are in the form of an odds ratio. Logistic regression also provides 
knowledge of the relationships and strengths among the variables.

 Fitting the Multiple Logistic Regression Model

 Suppose assuming a sample of n independent observations 
(xi, yi) i=1, 2, 3… n., fi tting the model requires estimates of the vector 

β′ = (β0, β1, β2,…,βk). The likelihood of β is given by   ii y
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that each of the k+1 coeffi cient is equal to zero. The multivariable analog of 
the score for the signifi cance of the model is based on the distribution of p 
derivatives of L (β) with respect to β. 
 It is distributed as chi-square with 1 degree of freedom. The Wald 
statistic is simply the square of the (asymptotic) t-statistic. The Wald statistic can 
be used to calculate a confi dence interval for βj. We can assert with 100 (1−α) % 
confi dence intervals that the true parameter lies in the interval with boundaries 
ˆ

2/ZDE r , where ASE is the asymptotic standard error of logistic Ê . Parameter 
estimates are obtained using the principle of maximum likelihood; therefore 
hypothesis tests are based on comparisons of likelihoods or the deviances 
of nested models. The likelihood ratio test uses the ratio of the maximized 
value of the likelihood function for the full model (L1) over the maximized 
value of the likelihood function for the simpler model (L0). The likelihood-
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This log transformation of the likelihood functions yields a chi-squared 
statistic. This is the recommended test statistic to use when building a model 
through backward elimination procedure. The purpose of logistic regression 
is to correctly predict the category of outcome for individual cases using the 
most parsimonious model. To accomplish this purpose, a model is created 
that includes all predictor factors that are useful in predicting the response 
variable.

 Analysis and Interpretation

 The dichotomized dental caries and periodontal disease data are 
analyzed. We have computed measures of central tendency and dispersion 
for both continuous and nominal variables. The multiple logistic regression 
model is constructed between the binary response variables i.e. dental caries 
(DMFT) and periodontal disease (CPITN) with factors independently. 
 The model estimation, in the fi rst step, the multiple logistic full model 
is constructed for considering all factors and in the second step, the stepwise 
called multiple logistic reduced model is performed by considering only 
signifi cant factors from the full model. In the selection procedure using the 
stepwise multiple logistic model analysis, we fi rst select the variable having 
a greatest infl uence power. Then the effect of this variable is eliminated from 
the information content of all the other variables. The variable, which then 
has the greatest power of infl uence after the above elimination procedure, is 
ranked as the second etc. Thus, the variables are listed in decreasing order 
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with respect to probability of additional information gained from including 
further variables was less than 0.05. Lastly, the variable having the weaker 
infl uence power may be dropped from the fi nal analysis. In order to weigh 
the signifi cance of each chosen variable with respect to their infl uence, its 
correlation with multiple logistic regression model and parameter estimates, 
standard error of estimates, odds ratios, 95% confi dence intervals and p-values 
of each factor computed. 

 Results

 Comparisons in terms of parameter estimates, log likelihood and 
AIC values in particular are carried, discussed and presented. A total of 1760 
subjects are included in the study with mean age is 34.26 ±9.25. 

 Model for dental caries (DMFT Index) and Periodontal Disease 
CPITN Index
 Out of 21 factors, 14 factors are found to be statistically signifi cant 
factors of dental caries (p<0.05) such as age (in years), frequency of sweet 
consumption, mouth rinsing habit, smoking habit and alcohol habit, caste, 
socio-economic status, family size, sources of drinking water, time for sweet 
consumption, oral hygiene habits, frequency of brushing, timings of cleaning 
teeth and type of toothpastes. However, out of 21 factors, only fi ve factors are 
found to be statistically signifi cant factors of periodontal disease (p<0.05) such 
as gender, frequency of brushing, timings of cleaning the teeth and type of 
toothpastes and family size. These signifi cant factors have different signs of 
infl uence (Table 1). 
 Further, a log likelihood value for DMFT index model is –1013.1364 
and CPITN index model is –1085.7876. The Akaike’s Information Criterion 
(AIC) value is 1.1752 in DMFT index model and 1.2577 in CPITN index 
model.  But, main goal is to estimate the best fi tting model for dental caries 
and periodontal disease, while minimizing the number of factors. The reduced 
regression model is obtained by excluding the factors which are not signifi cant 
in full model. But respectively only 13 and 5 factors are found to be signifi cant 
predictors of dental caries and periodontal disease in reduced modals (Table 
1).  The log likelihood and AIC value of the reduced regression model are 
-1019.8106, 1.1748 (DMFT index) and -1098.4320 and 1.2539 (CPITN index) 
respectively. Based on log likelihood and AIC values, the reduced logistic 
regression model is better fi ts for DMFT index data and the full and reduced 
logistic regression models are have approximately similar fi t for CPITN 
model.  
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 Odds of Risk Factors for Dental Caries
 The estimated odds ratio of age (OR=1.1532, 95% CI: 1.0642-
1.2495), caste (OR=0.8464, 95% CI: 0.7414-0.9662), socio-economic status 
(OR=0.7841, 95% CI: 0.6610-0.9302), family size (OR=0.6953, 95% CI: 
0.5034-0.9603), sources of drinking water (OR=0.1427, 95% CI: 0.0945-
0.2156), time for sweet consumption (OR=0.4444, 95% CI: 0.2130-0.9270), 
frequency of sweet consumption (OR=4.0962, 95% CI: 1.8070-9.2857), 
oral hygiene habits (OR=0.7522, 95% CI: 0.6068-0.9323), frequency of 
brushing (OR=0.5273, 95% CI: 0.3864-0.7195), timings of cleaning the teeth 
(OR=0.5809, 95% CI: 0.4362-0.7735), type of toothpastes (OR=0.5358, 
95% CI: 0.4030-0.7123), mouth rinsing habit (OR=1.7898, 95% CI: 1.4137-
2.2659), smoking habit (OR=1.6261, 95% CI: 1.2379-2.1362) and alcohol 
habit (OR=3.8206, 95% CI: 2.4047-6.0) found to have signifi cant association 
with dental caries (p<0.05). It means that, the respondents have higher risk of 
dental caries if they belong to older age, backward caste, low SES, lived in 
a family with >5 family members, drinking tube well and hand pump water, 
having sweet during and between meals, brushing their teeth with their fi ngers 
in morning or night only without fl uoridated toothpastes with smoking habit 
and alcohol habit compared to their counterparts. The strength of association 
of some covariates with dental caries has signifi cantly improved in reduced 
model.

 Odds of Risk Factors for Periodontal Disease 
 The estimated odds ratio of gender (OR=1.5015, 95% CI: 1.1942-
1.8878), family size (OR=1.3474, 95% CI: 0.9851-1.8428), frequency of 
brushing (OR=0.7024, 95% CI: 0.5307-0.9296), timings of cleaning the teeth 
(OR=0.7357, 95% CI: 0.5558-0.9740) and type of toothpastes (OR=0.6245, 
95% CI: 0.4730-0.8246) have found to be signifi cant (p<0.05). It means that, 
the gender, family size, frequency of brushing, timings of cleaning the teeth 
and type of toothpastes have a signifi cant infl uence on periodontal disease. In 
other words, the women living in a larger family (>5 members in a family) 
brushing their teeth only once a day in a morning and night without pastes/
powder have higher prevalence of periodontal disease as compared to their 
counterparts. However, there is an improvement in the strength of association 
among some covariates seen in reduced model. 
 Table 1:The Estimated Coeffi cients of Factors from Full and reduced 
Logistic Regression Model to Dental Caries and Periodontal Disease 
Dichotomous Data
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Factors
 

Dental Caries Periodontal disease
Full model Reduced model Full model Reduced model

Estimate Std. Err. Estimate Std. 
Err. Estimate Std. Err. Estimate Std. 

Err.
Constant 4.57 0.89* 1.17 0.05* 1.71 0.84 1.14 0.22*
Gender 0.01 0.12 - - 0.41 0.12* 0.40 0.10*
Age (in years) 0.14 0.04* 0.85 0.06* 0.05 0.04 - -
Religion 0.18 0.12 - - -0.02 0.11 - -
Caste -0.17 0.07* 0.77 0.06* -0.06 0.06 - -
Socio-economic 
status -0.24 0.09* 0.71 0.12* -0.12 0.08 - -

Family size -0.36 0.16* 0.18 0.03* 0.30 0.16* 0.29 0.16*
Staple food -0.20 0.19 - - 0.05 0.18 - -
Sources of drinking 
water -1.95 0.21* 2.05 0.50* -0.30 0.20 - -

Dietary habits 0.12 0.11 - - -0.15 0.11 - -
Time for sweet 
consumption -0.81 0.38* 1.75 0.08* 0.10 0.32 - -
Frequency of sweet 
consumption 1.41 0.42* 0.55 0.09* 0.36 0.37 - -

Oral hygiene habits -0.28 0.11* 0.59 0.08* -0.07 0.10 - -
Frequency of 
brushing -0.64 0.16* 0.59 0.07* -0.35 0.14* -0.28 0.14*
Timings of cleaning 
the teeth -0.54 0.15* 1.77 0.20* -0.31 0.14 -0.13 0.13*

Methods of brushing -0.22 0.12 - - -0.02 0.12 - -
Materials used for 
brushing their teeth -0.25 0.18 - - 0.17 0.17 - -

Type of toothpastes -0.62 0.15* 1.51 0.20* -0.47 0.14* -0.39 0.11*
Mouth rinsing habit 0.58 0.12* 3.02 0.35 0.01 0.12 - -
Smoking habit 0.49 0.14* 1.11 0.12 0.02 0.13 - -
Chewing habit 0.27 0.23 - - 0.22 0.21 - -
Alcohol habit 1.34 0.24 - - 0.32 0.21 - -
Log likelihood -1013.14 -1019.81 -1085.79 -1098.43
AIC 1.18 1.17 1.26 1.25
 *signifi cant at 5%level of signifi cance (p<0.05)

 The plot of sensitivity and specifi city versus criterion value and 
accuracy of the test in terms of ROC for the response variables (DMFT Index 
and CPITN Index) in the full and reduced model is presented in the following 
Figure 1.
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 Figure 1: The plot of sensitivity and specifi city versus criterion value 
for the response variables (DMFT Index and CPITN Index) in the full and 
reduced models
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 The area under ROC curve of the response variable i.e. DMFT Index 
in the full model is 0.7509 and in the reduced model is 0.7447. It provides a 
summary of the accuracy of the diagnostic test which is approximately 75% 
in full model and 74% in reduced model. 
 Similarly, the area under ROC curve of the response variable 
i.e. CPITN Index in the full model is 0.7509 and for the reduced model is 
0.5821. It provides a summary of the accuracy of the diagnostic test which is 
approximately 61% in full model and 58% in reduced model. 
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 Discussion and Conclusions
 
 Different statistical methods i.e. regression analysis, multilevel 
modelling, logistic regression and ordinal regression techniques employed to 
analyze the dental caries data (DMFT Index) and periodontal disease (CPITN 
Index) data yield results having different focuses. The regression methods 
allow researchers to identify factors related to social-economic-demographic and 
other factors related to oral health that contribute to overall status of response 
variables. These methods also permit researcher to estimate the magnitude 
of the effect of factors. Usually, the nature of dental caries data is in count 
scale and periodontal disease data is in ordinal scale. Therefore, the dental 
caries and periodontal disease data are converted into binary or dichotomous 
outcomes (with and without disease). Use of a dichotomous outcomes in 
traditional multiple linear regression model violates the assumption of 
normality and homoscedasticity. Hence, the main aim of the present chapter 
is to utilize the applications of logistic regression model to assess the effect 
and relationship between factors and binary response variables independently. 
Impact of different factors (determinants) on a dental caries has already been 
investigated in several studies. The strength of the present study is the inclusion 
of a large number of detailed probable and prominent factors or determinants 
for modelling dental caries.
 The fi ndings shows that there are strong positive associations existed 
between age (in years), frequency of sweet consumption, materials used for 
brushing the teeth and smoking habit with dental caries. These fi ndings coincide 
with a study done by Eija and Leena (11) except for the signifi cant association 
between total sugar consumption and high risk of occurrence of dental caries 
only when oral hygiene is poor. The socio-economic status, oral hygiene habits, 
frequency of brushing, type of toothpastes, duration of change of toothbrush 
are signifi cant factors having negative association with dental caries. 
 Changes in our knowledge of the etiology of periodontal disease and 
the recognition of the potential importance of susceptibility factors as they 
affect initiation and progression of periodontal disease, have led to an intense 
study of specifi c risk factors for periodontal disease. The gender factor is 
associated with periodontal disease. It means that, the periodontal disease is 
more prevalent in males than in females at any comparable ages. This result 
coincides with several studies done by Miller et al., (12) and Grossi et al., (13-
14). Males usually exhibit proper oral hygiene than females (15). The reasons 
for these gender differences are not clear and their elucidation may reveal 
important destructive or protective mechanism. 
 The age is an insignifi cant factor having positive association with 



Romanian Statistical Review nr. 5 / 2012

periodontal disease in the study. However, the studies on periodontal disease 
prevalence with extent and severity show that disease is more prevalent in older 
age groups as compared to younger groups (12-14, 16-18). Also it is found 
that the severity of the disease is more with respect to plaque development and 
gingivitis in elderly persons as compared to younger persons (18).
 The relationship of periodontal disease and socioeconomic status can 
be viewed globally, where wide variations in socio-economic status among 
different populations are compared. These studies compare populations from 
developing countries with those from industrialized countries which suggest 
that periodontal disease may be associated with nutritional defi ciencies (19). 
However, in this study an association is not found to be statistically signifi cant. 
But, the Ramfjord et al. (20) found that the periodontal condition of young 
men in India who exhibited clinical symptoms of general malnutrition is not 
different from that of the periodontal condition of well nourished individuals. 
Non-Hindus showed that they have apparently more periodontal destruction 
compared to Hindus. No studies are found in relation to religion on Indian 
population with respect to periodontal disease. 
 There is a history of association between tobacco smoking and 
periodontal disease (21-23) and prevalence of Acute Ulcerative Gingivitis 
(ANUG) was demonstrated as early in 1946 (23, 24-25). However, the 
perception that greater levels of plaque and calculus is more in smokers than 
that in non-smokers. In this study, it is shown that smoking tobacco is not 
signifi cantly associated with periodontal disease. This result coincides with 
some of the earlier studies (17, 23, 25-33). It is likely that smoking is a major 
factor for destructive periodontal disease in man. Hence the modifi cation of this 
factor is important in the treatment and prevention of periodontal disease.
 Further, in this chapter, we compared performance of full logistic model 
with that of reduced logistic model using log likelihood estimate for both DMFT 
and CPITN index data. The results show that reduced logistic regression model 
is slightly a better fi t as compared to full logistic regression model applied 
to dichotomized DMFT index data. However, the fi tting performance of full 
logistic regression model is slightly better as compared to reduced logistic 
regression model applied to dichotomized CPITN index data. 
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