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INTRODUCTION 

Oral health is an integral part of general health and well-

being.1 Dental caries, one of the most prevalent diseases 

afflicting the human beings, poses a major public health 

problem all over the world over due to its universal 

prevalence and insidious nature.2 It is a transmissible, 

complex biofilm disease that creates prolonged periods of 

low pH in the mouth, which results in net mineral loss 

from the teeth.3 

Information on the epidemiological figures of dental 

caries of a population at a given point of time is a 

fundamental requirement which updates our knowledge 

on the changing trends of the disease, its treatment needs 

and helps in understanding the ways and means to 

prevent its onset, limit its progression and consequences.4 

A number of epidemiological studies conducted 

throughout the world have shown that dental caries is 

universally distributed, however its severity varies within 

and between the populations.4,5 
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Innumerable studies conducted in the mid-nineties 

revealed that the use of fluoride in its various forms has 

contributed most significantly to the decline in dental 

caries.6 Moreover, the caries decline has also been 

attributed to a number of other factors like increased 

dental awareness, decrease in sugar consumption, dental 

health education programmes, changing lifestyles and 

improved self-care practices along with of course, the 

change in the system of recording dental caries.7 

India, the largest democratic country in the world, has an 

interesting conglomeration of populations in terms of 

social, economic and cultural conditions. The different 

regions of the country have different oral hygiene habits 

as well as different dietary patterns. According to recent 

reports, caries experience in India was high in all the age 

groups and the percentage of individuals with caries 

experience increased as age advanced, ranging from 51.9 

percent at 5 years, 53.8 percent at 12 years, 63.1 percent 

at 15 years, 80.2 percent at 35-44 years and 85.0 percent 

at 65-74 years. The treatment needs of Indian children 

were also significantly high.8 

As far as epidemiological data regarding dental caries 

prevalence is concerned, a limited number of studies have 

been conducted so far in the Northern region of India. 

Also, keeping in view the rise in per capita income in 

India along with the increasing mass media influence on 

the fast changing lifestyles, the present study was 

designed to collect the baseline data to confront the most 

common dental affliction, i.e., dental caries.9 As majority 

of Indian population (Asian Indians) is vegetarian, 

therefore it is important to know the dental caries risk 

involved with this type of diet.10 The present study was 

conducted to determine relationship between different 

dietary variables and type of diet (vegetarian/mixed) with 

dental caries in this present era. 

METHODS 

Ethical clearance and informed consent 

The present study was conducted in schools of Ludhiana, 

the industrial hub of Northern India. A formal permission 

for the examination of subjects of different schools was 

obtained from Deputy Commissioner of Ludhiana and 

further from the Principals of the selected schools. 

Ethical clearance for the study was obtained from 

Institutional authorities. A consent form was signed by 

the parents who granted permission to have their children 

undergo an oral health examination. The study was 

conducted over a period of four months (February 2014- 

May 2014). 

Study population and study sample  

According to the list obtained from local educational 

authorities, Ludhiana city has around 105 recognized 

schools (private and government). Children in the age 

group of 12 and 15 years were selected from the schools 

on the basis of simple random sampling. The required 

sample size was determined using the formula for 

estimating sample size for single population proportion 

with 95% confidence level and 0.05 degree of accuracy 

required using the formula: 

N= - z2Pq 

           d2 

z = standard normal deviant at 95% confidence level that 

is, 1.96, 

P=prevalence of dental caries, d=relative precision of 

20%. 

The final sample size for the study was 2500 (1250 

subjects in each of the two age-groups). According to 

type of the diet, the individuals were also divided into 2 

groups: vegetarian and mixed (veg and non-veg), and the 

effect of this variable was observed on the relative status 

of dental caries. The study was conducted on a three-day 

schedule every week and 40 subjects were examined 

every day. 

Recording and diagnosing criteria 

The recording procedure of dental caries and treatment 

needs assessment was standardized by repeated sessions 

of calibration between the principal investigator and one 

of the supervisors in the Department of Pedodontics and 

Preventive dentistry, as per the WHO 1997 recording 

criteria.11 Prior to examination, the subjects were asked to 

rinse their mouth with water and their teeth were 

subsequently dried with cotton swabs. Root caries was 

not included in the survey as it is an age related disease 

and is not normally present in the younger age groups. 

The findings were recorded on a specially formulated 

performa. Intra examiner calibration was undertaken by 

examining 25 subjects followed by re‑examination a 

week later which resulted in 82% of diagnostic 

acceptability with a kappa value of 0.84. 

Dietary analysis 

The diet diaries of individual children were analyzed for 

total diet exposures and total sugar exposures in a day 

and the analysis was transferred to another computerized 

performa specially formulated for this purpose. The sugar 

exposures were recorded according to Nizel.12 The 

average number of sugar exposures per day was 

determined from the perspective of timing, concentration, 

and consistency according to the following criteria.  

 Timing of sugar exposure was related to a meal or a 

snack. More than one exposure during a meal or a 

snack was counted as only one exposure. 

 According to concentration, no. of sugar exposures 

was categorized on the basis of having 5-20% sugar 

and more than 20% sugar. 
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 Number of sugar exposures on the basis of 

consistency was recorded as follows: a sugar 

exposure which at body temperature is a fluid was 

classified as a liquid; solid-sticky was defined as a 

solid which adheres to the teeth at body 

temperature, solid-crunchy was defined as a solid 

that at body temperature breaks apart without 

adhering to the teeth.  

The investigator at the time of dietary recording was not 

aware of the caries status of the individual, therefore 

eliminating any bias in diet diary recording. The various 

variables generated were as follows: 

 Total Diet Exposures (TDE) - no. of times child has 

eaten per day during major meals and in between 

meals 

 Total Sugar Exposures (TSE) - no. of times child had 

any sugary/sweet food per day 

 Liquid Sugar Exposures (LSE) - sugar containing 

liquids consumed in a day 

 Raw Sugar Exposures (RSE) - e.g. sugar, jaggery 

when eaten raw 

 Fruit Sugar Exposures (FSE) - citrus fruits and 

apples were considered Half exposure. Banana, 

mango, grapes, apricot was taken as One exposure 

 At Meal Sugar Exposures (AMSE) - no. of sugar 

exposures taken with major meals 

 Between Meal Sugar Exposures (BMSE) - all sugar 

exposures except during major meals 

 Retentive Sugar Exposures (RtSE) - sticky sweet 

foods and sweet baking products consumed. 

Statistical analysis  

The findings on the caries recording performa were 

evaluated and statistically analysed using SPSS package 

version 23 (Statistical Package for Social Sciences, 

Chicago, IL, USA). Dental Caries status was correlated 

with various risk factors using the students ‘t’ test. The 

dental caries variables were compared and correlated with 

the different dietary variables using Pearsons’s 

correlation coefficient ‘r’. Statistical significance was set 

at p<0.05. 

RESULTS 

Distribution of subjects on the basis of gender and type of 

diet is depicted in Figure 1. More than 50% of subjects in 

both the age-groups were males (55% in 12 years and 

58% in 15 years). 51.5% of subjects in 12 year age-group 

and 56.2% of subjects in 15 year age-group were 

consuming mixed diet. 

Dental caries prevalence and type of diet 

In the 12 year age-group, the prevalence of dental caries 

was 79.24% in the vegetarian group and 83.36% in the 

subjects consuming mixed diet. In the 15 years old, 

vegetarian group had 85.77% caries prevalence and in 

mixed diet group, the prevalence of caries was 86.47 % 

(Table 2). No statistically significant difference was 

found in caries status with relation to type of diet among 

both the age- groups (p>0.05) (Table 1). 

Table 1: Comparison of type of diet with dental caries prevalence in 12- year and 15 years old subjects. 

Age-

group 

Type 

of diet 

No. of 

subjects 

Subjects 

with caries 

Caries 

Prevalence 

Deft DMFT Defs DMFS 

Mean S.D. Mean  S.D. Mean  S.D. Mean  S.D. 

12 

years 

Veg  607 481 79.24 0.87 1.59 2.75 2.46 1.18 3.27 3.55 3.76 

Mixed  643 536 83.36 0.9 1.57 2.82 2.60 1.25 3.37 3.67 3.75 

P value   0.34* 1.19* 0.37* 0.56* 

15 

years  

Veg  548 470 85.77 
NA NA 

4.17 3.15 
NA NA 

5.38 4.39 

Mixed  702 607 86.47 4.23 3.19 5.37 4.27 

P value     0.33*  0.06* 

Test used- Student t-test, S.D.- Standard deviation, *Statistically non-significant 

Table 2: Comparison of total sugar exposures with dental caries prevalence in 12- year and 15 year old subjects. 

Age-

group 

No. of sugar 

exposure 

per day 

No. of 

subjects 

Subjects 

with caries 

Caries 

Prevalence 

deft DMFT defs DMFS 

Mean S.D. Mean  S.D. Mean  S.D. Mean  S.D. 

12 

years 

Low 3 57  47 82.46 0.74 1.33 2.28 2.23 0.81 2.59 3.09 3.43 

High >3 193 147 76.16 0.92 1.46 2.75 2.61 1.20 2.95 3.51 3.85 

P value   0.84* 1.24* 0.90* 0.74* 

15 

years  

Low 3 66 56 84.85 
NA NA 

3.39 2.75 
NA NA 

4.58 4.44 

High ->3 184 169 91.85 4.11 2.61 5.46 3.91 

P 

value  
   0.84*  1.52* 

Test used- Student t-test, S.D.- Standard deviation, Statistically significant p<0.05. 
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Table 3: Correlation (r) between dental caries status and different dietary variables among 12 year and 15 year old 

subjects. 

Age-group  
Dental caries 

status  
TSE  LSE  RSE  FSE AMSE BMSE TDE RtSE 

12 years  

DMFT 0.050 -0.006 0.026 0.021 0.106 0.006 0.018 0.019 

deft 0.085 -0.002 -0.083 0.052 -0.031 0.097 -0.007 -0.180 

DMFS 0.265* 0.131 -0.077 0.304* 0.202* 0.022 -0.016 -0.168 

defs -0.113 -0.074 -0.042 -0.161 -0.059 -0.035 -0.382** 0.025 

15 years  
DMFT 0.082 -0.019 -0.155 0.090 0.112 0.006 0.043  0.222* 

DMFS  0.213*  0.246* -0.155 0.041 0.195 -0.030 0.122 0.170 

Test used –Pearson’s correlation coefficient, * Statistically significant (p<0.05), ** Statistically highly significant (p<0.001); 

TSE- Total Sugar Exposures, LSE- Liquid Sugar Exposure, RSE- Raw Sugar Exposure, FSE- Fruit Sugar Exposure;  

AMSE- At Meal Sugar Exposure, BMSE- Between Meal Sugar Exposure, TDE- Total Diet Exposure, RtSE- Retentive Sugar Exposure. 

 

Figure 1: Distribution of subjects on the basis of gender and type of diet. 

 

Frequency of sugar exposure and dental caries 

Considering the total number of sugar exposures per day 

(TSE), subjects were divided into 2 groups: Low (3 TSE) 

and High (>3 TSE), and the effect of this variable on the 

dental caries prevalence was observed. In 12 years old, 

the caries prevalence for Low TSE Group was 82.46 

percent while in the High TSE Group, the Caries 

Prevalence was found to be 76.16 percent. No statistically 

significant difference in caries status was found with 

increase in total sugar exposures. In 15 years age Group, 

the caries prevalence for low TSE group was observed to 

be 84.85 percent and for the High TSE Group, it was 

91.85%. Again no statistically significant difference was 

found in dental caries status with increase in total sugar 

exposures (Table 2). 

Correlation between sugar exposures and dental caries 

Table 3 shows the correlation coefficient analysis 

between different dietary variables and dental caries. It 

was seen that in the 12 years age group, a positive 

correlation was observed between DMFT and TSE, RSE, 

FSE, AMSE, BMSE, TDE and RtSE. However, none of 

the values were found to be statistically significant. 

DMFS was found to be positively correlated with ‘TSE, 

LSE, FSE, AMSE and BMSE. Of all these, the 

correlation between DMFS and TSE, FSE and AMSE 

was found to be statistically significant (p<0.05). In the 

15 years age group, a positive relationship of DMFT was 

found with TSE, FSE, AMSE, BMSE, TDE and RtSE. 

But only the correlation between DMFT and RtSE was 

found to be statistically significant (p<0.05). On the other 
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hand, DMFS was found to be positively correlated with 

TSE, LSE, FSE, AMSE, TDE and RtSE. Moreover, the 

correlation of DMFS with TSE and LSE was also found 

to be statistically significant (p<0.05) (Table 3). 

DISCUSSION 

There is scanty literature available on the relationship 

between vegetarian/mixed diet and risk of dental caries. 

Vegetarian diet in our country usually consists of cereals, 

rice, wheat, pulses, lentils, peas, beans, milk products, 

leafy vegetables and fruits.13 As most of the Indian 

population is vegetarian, it is important to know the 

dental caries risk involved with type of diet.  

In the present study, no statistically significant difference 

was found in dental caries status between both the groups 

which is different from the results of some other study 

conducted elsewhere.14 Findings of another observational 

study revealed greater incidence of demineralization and 

white spots in the vegan subjects compared to the 

omnivorous ones localized at the neck of the teeth and on 

the vestibular surfaces of dental elements.15 However, 

present study suggests that there may be some benefit in 

the reduction of caries levels from consumption of a 

vegetarian diet. Such a benefit may be indirect and 

associated with the vegetarian lifestyle, characterized by 

cautious intake of foodstuffs.16 

Recent surveys show that the nature of sugar-caries 

relationship has changed in countries with fluoride use.17 

The relationship is further complicated by the wide 

variation in sugar consumption patterns among 

individuals. Thus, the present study showed that the ‘total 

sugar exposure’ exhibit a trend of positive bearing on the 

dental caries variables in both the age groups. The 24 

hour diet recall method to assess dietary intake of 

children in a day is the most practical method for field 

studies where the sample is enormous.  

The Vipeholm study has directly established that the 

more frequently sugar is consumed, the greater the risk.18 

Similar results indicating a positive correlation of total 

sugar exposures with dental caries have been reported in 

the present study and some other studies.19,20 Therefore it 

can be concluded that with increase in TSE, there is an 

effect on caries increment. 

To further study the effect of total sugar exposures, 

student’s ‘t’ test was applied to bring about the relative 

differences in caries status, if any, with high and low total 

sugar exposures. In the 12 years age group, the caries 

prevalence for high sugar exposure group was lower than 

low sugar exposure group. This could probably be due to 

the fact that most of the children examined were in the 

high sugar exposure group and therefore, a less number 

of children belonging to low sugar exposure group were 

obtained from the sample. Thus, a direct correlation could 

not be established.  

In the 15 years age group, the present study reported 

lower caries prevalence for low sugar exposure group 

than the high sugar exposure group. Similar results 

showing direct correlation between sugar consumption 

and dental caries have been shown in some other studies 

conducted elsewhere.21-23 It has also been reported in the 

literature that the intake of extrinsic sugars greater than 4 

times a day increase caries risk.24 

The present study found no statistically significant 

difference in dental caries status in both age groups with 

increase in total sugar exposures. A few recent studies 

have also revealed a weak or no correlation between 

dental caries and sugar consumption.23 It is also stated in 

some other study that the degree of incrimination of sugar 

as a cause of caries is grossly exaggerated.25 It has also 

been suggested that the apparent weak relationship 

between sugar and caries in developed countries is 

because of widespread use of sugar with other factors 

becoming more important discriminators of caries 

experience.26 Some authors have reported that if good 

oral hygiene is maintained and fluoride is supplied 

frequently, teeth will remain intact even if carbohydrate-

containing food is frequently eaten.27 Moreover, an 

important consideration at this juncture is that even in the 

presence of increased sugar consumption, caries has 

declined in many industrialized countries. 

The present study had some limitations also. We 

conducted the study without considering the effect of 

different variables which can affect the progression of 

dental caries like fluoride content of the drinking water, 

socio-economic status of the parents, method of cleansing 

teeth etc. This was done keeping in view the word limit 

of the manuscript. However, these will be reported later 

in another study which is being conducted separately. 

CONCLUSION  

The present study found no statistically significant 

difference in dental caries status among subjects in both 

the groups (vegetarian and mixed). However, there was 

significant association between sugar exposures and 

dental caries among subjects of both the age-groups. 

Given the availability of food at every turn and our 

human propensity to graze, it is very likely that many 

sugar containing processed foods can contribute to caries 

experience. Although fluoride has raised the threshold of 

sugar intake, at which caries will progress to cavitation, 

fluoride has its own limitations. Measures to educate the 

public on the dangers of frequent sugar consumption, 

combined with recommendations for proper oral hygiene 

and fluoride use are still warranted. Individual dietary 

counselling is highly recommended for patients at high 

caries risk. 
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