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SUMMARY

The aims of the study were to evaluate differences in dietary, oral hygiene habits and social
class in children with Type I diabetes mellitus (DM), compared to non-diabetics, and to investigate
relationship between selected caries-risk factors and caries experience in diabetics. Material and
methods: 70 children with Type I DM and 70 age- and sex-matched non-diabetic controls were in-
cluded in the study. Metabolic control of diabetes was categorized into well- to- moderately-con-
trolled and poorly-controlled groups based on glycosylated haemoglobin HbA1c. The study was
based on the data obtained from the questionnaire including information about dietary and oral
hygiene habits, pattern of dental visits and social class. Results showed that the diabetic children
had more frequent main meals and less snacking than their controls: the mean number of main meals/
day was 4.33 (SD = 0.93) in the diabetics, and 2.53 (SD = 0.85) in the controls. Significantly less
diabetics (43%) used sweet drinks than their controls (79%). There were no differences according to
the frequency of toothbrushing as well as frequency of dental visits between the diabetics and
controls, however, significantly more diabetics reported that they never used dental floss than non-
diabetics. There were no significant differences in the diet, toothbrushing frequency between the
diabetics with different metabolic control. Multiple logistic regression analysis showed that among
caries risk associated variables only age of children (OR = 1.98; CI = 1.23-3.19) and level of metabolic
control of diabetes (OR = 4.65; CI = 1.28-16.89) were statistically significantly associated with high
caries experience in the diabetics. Conclusions: frequent consumption of sweet drinks and snacks
can influence caries development in children. Amongst the diabetics, the differences in caries preva-
lence can be explained by combination of biological and behavioral factors rather than single dietary
or oral hygiene elements.
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INTRODUCTION

Of the many factors contributing to development of
dental caries, nutrition and diet plays an important role [1].
It is well known that frequent consumption of sugar-con-
taining foods increases the risk of dental caries [2, 3].

However, the significant relationship between sugar
intake and dental caries in modern society has been ques-
tioned [4]. Regular epidemiological monitoring of caries
data in some countries showed that the caries prevalence
in children continued to decrease, whereas sugar consump-
tion increased (for the review see König KG, 2004) [5]. The
decline in dental caries incidence has been attributed to
increased exposure to fluoride and improved oral hygiene
[6]. It has been shown that regular brushing with a fluoride
toothpaste may have greater impact on caries in young

children than restricting sugary foods [7]. However, al-
though fluoride has a dramatic effect on caries, it does not
remove the major causing factor in caries development such
as dietary sugars [1].

The relationship between dental caries and dietary fac-
tors is a question of particular interest in patients with dia-
betes mellitus. Due to disturbed glucose metabolism such
patients are considered to be at higher risk of cariogenic
challenge. Earlier it has been shown that diabetics had lower
caries prevalence than their non-diabetic controls, due to
their sucrose-restricted diet [8]. By contrast, more recent
studies demonstrated no significant difference in caries
prevalence in diabetic children compared with their healthy
controls [9], or even higher caries levels in diabetics than in
healthy population [10,11]. It was suggested that the mod-
ern management of diabetes with blood glucose monitoring
and flexibility in insulin treatment allows a less restricted
diet and reduces the significance of the dietary factors as
the indicator for differences in caries development [12].

The aims of this study, based on the data obtained
from questionnaires, were:

1. To describe and compare the dietary habits in the
children with Type I diabetes mellitus, and their non-dia-
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betic controls.
2. To compare the dietary habits in diabetic children

with different level of the metabolic control of diabetes.
3. To investigate the relationship of high caries expe-

rience in diabetics with the selected caries indicators such
as dietary and oral hygiene habits.

MATERIAL AND METHODS

Study population
The study population consisted of 140 10-15 year-

old children. The test group included 70 children (mean
age 13.6; SD = 1.16) with Type I diabetes mellitus (DM)
living in Kaunas city and the region. All diabetics were
registered in the Lithuanian National Childhood Diabetes
Register as having Type I DM and regularly attending the
Department of Childhood Endocrinology at Kaunas Uni-
versity of Medicine for assessment of their metabolic con-
trol of diabetes based on the glycosylated haemoglobin
HbA1c (analyzator DC-2000, Bayer, Germany) test. This
test reflects the average of blood glucose balance over
the past 2-3 months. According to the international guide-
lines for management of Type I DM in children and adoles-
cents [13], the diabetic population was divided into two
groups: well- to- moderately-controlled (HbA1c ≤ 8.9%)
(n=39), and poorly-controlled (HbA1c ≥ 9.0%) (n=31).

The control group of same size as the test group con-
sisted of age- and sex-matched non-diabetic children with-
out any reported systemic disease and medications from
Kaunas city and the region.

Questionnaire
All study participants were asked to fill in a prepared

questionnaire during their visit to dental clinic of Kaunas
University of Medicine during the study period October-
December, 2001.

The questionnaire comprised sections about social
status, oral hygiene habits, frequency of dental visits, and
dietary habits.

The social class of a child was evaluated based on
mother's education level: uncompleted secondary school,
comprehensive education, high school, university degree.

The questions about oral hygiene habits included:

frequency of toothbrushing, use of fluoride toothpaste,
use of dental floss.

The questions about dietary habits included fre-
quency of main meals, consumption of sweet snacks
(chocolate, candy, cakes, biscuits); consumption and type
of drinks (sucrose-free drinks such as tea or coffee, water,
milk, and sweetened drinks such as sugar containing tea or
coffee, lemonade, cola, fruit juices, sweet yogurts etc.);
consumption and type of sweeteners such as sugar or
sugar substitutes (sorbitol, xylitol,  aspartame, cyclamate,
saccharin).

Dental caries
The assessment of dental caries included non-cavi-

tated and cavitated lesions of caries development. The mean
DMFS in the diabetic children was 23.07 (SD = 14.38), and
the mean DMFS in the non-diabetic controls was 27.64 (SD
= 15.92), respectively. The mean DMFS in the well- to- mod-
erately-controlled diabetics was 19.51 (SD = 12.62), and
the mean DMFS in the poorly-controlled diabetics was
27.39 (SD = 15.58), respectively.

Ethics
Informed consent was obtained from the parents of

all study children and
the study protocol was approved by the Ethical Com-

mittee of Kaunas University of Medicine, Kaunas,
Lithuania.

Statistical analysis
For statistical analysis, the data obtained from the

questionnaire were categorized as follows:
1) Dietary habits:
- frequency of main meals: < 5 times/day; and ≥ 5 times/

day;
- frequency of consumption of sweet snacks/drinks:

more than once a day and once a day or less;
- frequency of fructose consumption: more than once

a day and once a day or less.
2) Level of mother's education:
- low (uncompleted secondary school or comprehen-

sive education);
- high (university degree, high school).
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Fig. 1. Distribution of the children (%) according to frequency of main meals, sweet snacks and drinks
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3) Oral hygiene habits:
- frequency of tooth brushing: once a day or more

and less than once a day.
Differences between the study groups were assessed

by Student's t test. Frequencies were compared by using
chi-square test for cross-tables. The relationship of car-
ies-risk variables and the high caries experience (defined
as belonging to the upper part from the midpoint of the
distribution of DMFS; >24) in the diabetics was assessed
by multiple logistic regression analysis. The explanatory
variables such age, mother's education, level metabolic
control of diabetes (HbA1≥9), frequency of consumption
of main meals, frequency of consumption of snacks, fre-
quency of consumption of sweet drinks, frequency of fruc-
tose consumption, frequency toothbrushing were entered
in the multiple logistic regression model when it showed
statistically significant associations with the outcome vari-
able. The age was considered as continuous variable.

The 95% confidence intervals (95% CI) and odds ra-
tios (OR) were calculated. P-value < 0.05 was considered
as being statistically significant. The data were analyzed
using an SPPS (version 12.1) statistical program package.

RESULTS

Social class
The diabetic and non-diabetic children were found

similar with regard to the level of their mother's education,
as reported from the questionnaire.

Low level of mother's education was indicated by 46%
of the diabetics, and by 56 % of the non-diabetics, and
high level of mother's education was reported by 54 % of
the diabetics and by 44% of the controls.

Dietary habits
Analysis of the dietary habits of the study popula-

tion showed that statistically significantly more diabetic
children reported more frequent main meals (≥ 5 times per
day) than their non-diabetic controls (Figure 1). The mean
number of main meals per day was 4.33 (SD = 0.93) in the
diabetics and 2.53 (SD = 0.85) in the control children, re-

spectively (p < 0.01). More non-diabetics were used to
snacking between-meals (more than once a day) compared
with the diabetics (Figure 1).

There were no significant differences according to the
frequency of mean meals and snacks between the groups
of well- to- moderately-controlled and poorly-controlled
diabetics. The mean number of main meals per day was
4.33 (SD = 0.98) in well- to- moderately-controlled and 4.32
(SD = 0.87) in poorly-controlled diabetics, respectively.

All non-diabetic children reported that they used table
sugar, most of them (81 %) used it more than once a day.
Among the diabetic children, 59% used fructose and 42%
of those indicated using fructose more than once a day. Of
the diabetic population 41% used artificial non-ferment-
able sweeteners (aspartame, saccharin, cyclamate and etc.)
irregularly. Ten percent of the diabetics never used any
sugar substitutes. Nobody indicated using sugar substi-
tutes such as xylitol or sorbitol.

No significant difference was found with regard to
consumption of fructose in the groups with different meta-
bolic control (56% of well- to- moderately-controlled, and
48% of poorly-controlled diabetics). Use of sweet drinks
was more frequently reported among the non-diabetics than
non-diabetics: 79% and 43%, respectively, used sweet
drinks more than once a day (Figure 1). No statistically
significant difference in frequency of using sweet drinks
was found in the reports of diabetic children with different
metabolic control: 36% of well- to- moderately-controlled
diabetics and 52% of poorly-controlled, respectively.

Oral hygiene habits
Analysis of the questionnaire reports about oral hy-

giene habits showed that virtually all study children (99.3%)
reported using fluoridated toothpastes. The majority of
the study participants brushed their teeth once a day or
more often: 86% diabetics and 94% non-diabetics, respec-
tively (Table 2). Two thirds of the diabetic children reported
that they had never used dental floss, compared to 86%
non-diabetics (p < 0.05). Both study groups were similar
with regard to frequency of dental visits, the mean dental
visits per year being 1.41(SD = 1.27) in diabetics, and 1.65

Table 1. Toothbrushing habits in the study groups. 

Frequency of toothbrushing Diabetics 
n = 70 

Non-diabetics 
n = 70 

Once a day or more 85.7%* 94.3% 
2-5 times a week 12.9% 5.7% 
Never brush 1.4% 0% 

*p < 0.05 statistically significant association 

Table 2. The multiple logistic regression analysis of the predictors of high caries experience (DMFS > 24) in diabetic children. 
Predictor Odds ratio 95% CI p-value 

Age 1.98 1.23-3.19 0.005 
Mother’s education level 0.35 0.08-1.40 0.137 
Level of metabolic control 4.65 1.28-16.89 0.020 
Frequency of main meals consumption 1.84 0.38-9.06 0.450 
Frequency of sweet drinks consumption 0.28 0.07-1.10 0.067 
Frequency of fructose consumption 2.17 0.54-8.76 0.278 

p ≤ 0.05 statistically significant association 
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(SD = 1.55) in the non-diabetics, respectively.
No difference between the groups of diabetics with

different metabolic control was found with regard to
toothbrushing frequency (87% of well-to moderately con-
trolled and 86% of poorly-controlled reported brushing
their teeth at least once a day) (Table 1).

Associations between high caries experience and the
selected caries determinants

Multiple logistic regression analysis carried out on
potential caries risk associated variables in turn, demon-
strated that only age of children (OR = 1.98; CI = 1.23-3.19),
level of metabolic control of diabetes (OR = 4.65; CI = 1.28-
16.89) were statistically significantly associated with high
caries experience (DMFS > 24) in the diabetic children
(Table 2). Neither frequency of main meals or sweet drinks,
social class (based on the level of mother's education), or
frequency of fructose consumption were significantly as-
sociated with high caries experience in diabetics.No asso-
ciation in the univariate analysis was found between fre-
quency of snacks as well as frequency of toothbrushing
and high caries experience. Thus, these variables were not
included in final model.

DISCUSSION

Analysis of the questionnaire data did not reveal ma-
jor differences in the reports of this study population as
concerns their dietary and oral hygiene habits as well as
their social status. However, we found that pattern of food
consumption slightly differed between diabetic and non-
diabetic children. The diabetics had more main meals per
day, and less snacking, while the non-diabetic children
were characterized by more frequent use of sweet snacks.
The number of recommended meals per day for diabetic
children is related to insulin dosage, therefore, careful meal
planning is important [14]. Nevertheless, it is difficult to
judge how relevant the difference between meals and
snacks is, because an overall food composition may be
rather similar. It has been demonstrated before that the
starch-rich diet, and frequent meals as well as longer eat-
ing time in diabetic children was associated with similar
caries prevalence in diabetics compared to healthy popu-
lation [15].

Several studies identified that the frequent sugar con-
sumption was associated with caries development in chil-
dren [2, 16]. Sugary foods and drinks between-meals are
considered to be particularly harmful and should be
avoided. According to the modern dietary advices the soft
drinks and other sugar containing sweets should be re-
placed with those containing non-cariogenic sweeteners
[17, 18]. However, our data showed that low-cariogenic
sweeteners such sorbitol, xylitol, mannitol were not popu-

lar in diabetics as well as in non-diabetic children. More
than half of diabetic children reported that they used fruc-
tose instead of sucrose, however this product has as high
cariogenic potential as any other fermentable carbohy-
drates [1].

Our logistic regression analysis did not reveal a sig-
nificant association between consumption of sweet snacks
or drinks and high caries experience in diabetics. However,
it showed that metabolic control of diabetes was signifi-
cantly related with high caries levels in the diabetics. Such
a finding correlates with the results of some other studies
on caries development in diabetic population [19, 20]. It
was shown that diabetic children with less good metabolic
control of diabetes may exhibit uncontrolled caries devel-
opment in relation with biological and behavioral factors
[12]. Poor metabolic balance of diabetes is associated with
caries-risk factors such as decreased salivary secretion,
elevated glucose concentrations in saliva and pronounced
yeasts growth [20-22]. Thus, chronic hyperglycemia can
cause shifts in the composition and ecology of saliva by
increasing the risk for the development of a cariogenic
environment in the oral cavity. In addition, poor controlled
diabetics were shown to have lower attention to their oral
health [23].

In our study we found no differences according to
oral hygiene habits in diabetic children with different meta-
bolic control as well as in the non-diabetics. Most of the
study children reported that they brushed their teeth daily
(once a day or more), however we did find the correlation
between toothbrushing frequency and caries in these chil-
dren. Considering the fact that these data are based on
self-reported information rather than on objective clinical
examination, they cannot be used for making definitive
conclusions.

CONCLUSIONS

The results of this study suggest that certain dietary
factors, such as frequent consumption of sweet snacks
and drinks may have an impact on caries development in
children. Furthermore, a combination of multiple biologi-
cal as well as behavioral factors, rather than single ele-
ments of individual diet or oral hygiene, seems to deter-
mine differences in caries prevalence in a diabetic popula-
tion.
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