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ABSTRACT

To evaluate the influence of disease control, expressed by the mean values of glycated
hemoglobin (HbA1c), in the oral health of children and adolescents with diabetes mellitus type 1
(T1DM). A cross sectional study involving 87 children and adolescents (59
girls), 10 + 2.6 years old. The participants were divided into three groups: HbA1c < 8%, 8% < HbA1lc
< 10% and HbA1c > 10%. The duration of the disease, age and average HbA1c were obtained from
their medical records. Oral health was evaluated according to the following indexes: Simplified Oral
Hygiene Index (OHI-S); Community Periodontal Index (CPI); Decayed, Missing or Filled Teeth Index
(DMFT/dmft) for permanent and deciduous teeth; and the stimulated salivary flow rate (SSFR).

The median SSFR was 1.1 mL/min in the group with HbA1c < 8%, 0.7 mL/min in the interme-
diary group and 0.6 mL/min in the HbA1c > 10% group. A significant decrease in salivary flow was
observed with an increase in HbA1c (p = 0.007). The DMFT/dmft and CPI indexes were higher in indi-
viduals with higher HbA1c values. More caries-free individuals were found in the group with HbA1c
< 8% compared to those with HbA1c > 10%. The group with HbA1c > 10% exhibited more caries and
bleeding gums than the other groups. HbA1c values in girls were higher than in boys.

Children and adolescents with unsatisfactory glycemic control, represented by higher HbA1c concen-
trations, exhibited a higher frequency of caries and gingivitis, and a reduction in salivary flow. Arch
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INTRODUCTION

he oral complications of diabetes mellitus type 1
(T1DM) include xerostomia, periodontal disease
(gingivitis e periodontitis), dental abscesses, tooth loss,
soft tissue lesions and burning mouth syndrome (1,2).
Periodontal disease is a common complication (3) and
in some cases bleeding gums can be observed during
early childhood. The occurrence and severity of the
bleeding increase during adolescence (4-6). The dura-
tion of the illness and its metabolic control influence
periodontal health. On the other hand, chronic inflam-
mation, a characteristic of periodontal disease, may
induce a certain degree of resistance to insulin, thus
deteriorating metabolic control (4,5,7). In similar oral
hygiene conditions, individuals with poorly controlled
T1DM exhibited more gingivitis, dental calculus, bone
loss and gingival insertion when compared to those
with good to moderate glycemic control (8-10).
Caries studies in patients with T1DM are controver-
sial. Low caries prevalence in patients with TIDM has
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been reported in comparison with the control groups
who do not have the illness (11-13). However, among
the groups with TIDM, an increase in caries preva-
lence is observed in those with poor metabolic control
(10,14), and they may exhibit uncontrollable caries de-
velopment in spite of extensive preventive efforts (14-
16). Several aspects may justify this occurrence, such as
reduced salivary flow, typical in children with T1DM,
even though this factor has not always been observed in
relation to glycemic control (1,15,17,18). The increase
in salivary glucose concentration may also influence the
development of dental caries (2,19,20). In some cases
T1DM may contribute to the severity and intensity of
tooth decay, and the resulting caries may interfere with
the health of a child with TIDM (21). The caries’ pro-
gression may increase the risk of infection and imbalance
in the glycemic control of diabetes. Moreover, the ten-
dency of diabetic patients to develop infections caused

by fungi and bacteria, and their difficulty in healing (22) -

are factors that may have repercussions in oral health.
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Education and preventive monitoring are necessary
to avoid oral complications and thus improve these pa-
tients’ quality of life (2,13,14,23,24). This study was
conducted with the aim of evaluating the influence of
glycemic control in the oral health of a group of chil-
dren and adolescents with type 1 diabetes.

SUBJECTS AND METHODS

Sample selection

Eighty-seven children and adolescents with T1IDM (59
girls), 5 to 15 years of age, took part in the study. They
were observed at the Pediatric Endocrinology Unit
(UEP) of the Hospital de Clinicas — Universidade Fe-
deral do Parand (HC-UFRP) in Curitiba, Brazil. Oral
health evaluation took place on the date of a routine
visit at the hospital. The exclusion criteria were: indi-
viduals under orthodontic treatment, recent T1DM
diagnosis (less than 3 months), a lack of HbAlc data in
their records, individuals who were sick on the date of
their appointment and those with uncontrolled diseases
associated with TIDM. Information regarding gender,
elapsed time since T1DM diagnosis and diseases asso-
ciated with TIDM were collected from medical records.
Participants were divided into three groups, according
to the mean values of glycated hemoglobin (HbAlc),
using the results obtained over the last two years:
HbAlc < 8%, 8% < HbAlc < 10%, and HbAlc > 10%.

The HbAlc tests were performed at the same lo-
cation, in the Laboratory of Chemical Analysis at the
HC-UFRP. The HbAlc dosage method was immuno-
turbidimetric assays for HbAlc measure on analyzer
Siemens Dimension RxL (Siemens Healthcare Diag-
nostics, NY, USA).

Evaluation of oral conditions and salivary flow

The oral health evaluation was conducted by only one
researcher (VLC). The intra-examiner reliability was
considered excellent (25), with kappa values of 0.83
and 0.94 for the indexes that evaluated gingivitis and
dental caries. The oral exam was conducted in artifi-
cial light with a mouth mirror — number 5 (Prisma,
Sio Paulo, SP, Brazil) and periodontal probe CPI
(Community Periodontal Index) (Golgran, Sio Paulo,
SP, Brazil). The mouth was divided into sextants and
six index teeth were utilized (the first molar of each
quadrant, the right maxillary central incisor and the
left mandibular central incisor) to evaluate oral hygiene
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and periodontal health. Oral hygiene status was asses-
sed using the Simplified Oral Hygiene Index (OHI-S)
which is formed by the Simplified Debris Index (DI-S)
and Simplified Calculus Index (CI-S) as described by
Greene-Vermillion (26). In summary, the OHI-S
evaluates the amount of plaque and calculus on the in-
dex teeth, and the mean was achieved by calculating
the sum of the values of each aspect and dividing by 6,
with an amplitude between zero and six. Oral hygiene
is considered satisfactory when the value obtained is
less than or equal to one. For periodontal evaluation,
the Community Periodontal Index (CPI) was utilized
(27). CPI evaluates three periodontal indicators: blee-
ding gums, periodontal calculus and periodontal poc-
kets (pathologically deepened gingival sulcus, caused by
the destruction of the teeth supporting tissue). When
examining children or adolescents under the age of 15,
only bleeding gums and calculus should be considered
(27). The CPI was coded as: 0 = healthy; 1 = bleeding;
2 = calculus. The CPI was evaluated by summing the
values of the 6 index teeth, and its amplitude is zero to
twelve for this age group (27).

Dental caries experience was observed using the de-
cayed, missing, filled teeth (DMFT) (D = Decayed, M
= missing, F = filled, T = tooth) index for permanent
teeth and dmft for deciduous teeth (28). The diagnosis
criteria followed the procedures proposed by the WHO
(25). The DMFT index is a general indicator of the
dental health status of the population and lower values
in this index indicate better dental health. DMFT =
zero means that the individual has not had any dental
caries experience in their permanent teeth and does not
have any missing or filled teeth due to a dental cavity
(28). Before beginning the dental evaluation with the
DMFT /dmft index, careful brushing of the teeth was
performed. In this study the caries experiences were
observed from data obtained from the evaluation of
permanent and deciduous teeth.

Saliva was collected from all subjects between 7 a.m.
and 10 a.m., just before the clinical oral examination.
The child or adolescent was asked to chew on standard-
ized piece (2.0 cm) of paraffin (Parafilm M®, Laboratory
Film, Chicago, USA) and swallow the saliva produced
during the first minute. During the following 5 minutes,
the participant expectorated all of the saliva directly into
a plastic tube. Stimulated salivary flow rate (SSFR) was
evaluated by using a semi-automatic pipette (Eppen-
dorf Research®, Hamburg, Germany) and subsequently
dividing the value by five in order to obtain the SSFR
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value per minute (14,29). SSFR mean values of < 0.7
mL/min were considered as hyposalivation (30).

The study was approved by the Ethical Commit-
tee of the HC-UFRP, Curitiba, Brazil. Written in-
formed consent was obtained from the patients and/
or parents.

Statistical analysis

The data was analyzed using the Statistical Package
for the Social Sciences® software (version 15.0; SPSS
Inc., Chicago, IL, USA). The calculation of frequency
distribution was carried out, in addition to the Chi-
square test to evaluate the relation between the variable
referring to glycemic control (HbAlc; categorized in
HbAlc < 8%, 8% < HbAlc £ 10% and HbAlc > 10%)
and dentistry related variables (SSFR, DMFT, dmft,
CPI and IHO-S) dichotomized according to theore-
tical references or utilizing median values. To be able
to compare the value of the dentistry related variables
within the groups with different HbAlc values, their
normality was evaluated by the Kolmogorov-Smirnov
test. As none of the variables met this requirement for
parametric tests, the non-parametric Kruskal-Wallis test
and the Mann-Whitney post-test with Bonferroni cor-
rection were utilized to make a comparison between
the groups (31). The adopted significance level was 5%.

RESULTS

Time elapsed since TIDM diagnosis was less than one
year in 15% of the patients, between 1 to 3 years in 16%
and over 3 years in 69%. Mean age was 10.7 + 2.6 years
(range, 5 — 15 years). Eleven patients (13%) presented
HbAlc < 8%, 45 patients (52%) 8% < HbAlc < 10%,
and 31 patients (35%) had HbAlc > 10%.

Table 1 shows the frequencies of individuals with
T1DM according to sex, age and relation to the mean
values of glycated hemoglobin. A higher percentage of
boys were found in the HbAlc < 8% group than girls (p
= 0.025). Thirty-eight individuals (44%) were younger
than 10 years of age. 80% of the group came to the ap-
pointment accompanied by their mothers.

Table 2 shows the frequencies of oral hygiene, gingi-
val bleeding after probing, dental caries experience and
hyposalivation, according to the mean values of glyca-
ted hemoglobin. Oral hygiene was considered satisfac-
tory in 52 individuals (60%), but all of the individuals
exhibited satisfactory or regular oral hygiene. No indi-
viduals had poor or very poor oral hygiene according
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to OHI-S. Gingival bleeding on probing was dichoto-
mized using the median value (IPC < 4 ¢ IPC > 4), with
a significant difference between the groups (p = 0.043).
Caries experience in permanent teeth also presented sig-
nificant differences (p = 0.013). Children with DMFT
> ] exhibited high mean HbAlc values. To observe the
experience of caries in subjects with mixed dentition,
DMFT and dmft index are summed. Individuals with
zero have no caries experience. In this case, the result
was not significant (p = 0.730). Hyposalivation was less
frequent in the group with HbAlc < 8% (p = 0.003).

Table 1. Characteristics of children and adolescents with T1DM according
to glycated hemoglobin values (n = 87)

Glycated hemoglobin

5 ) *

Covariates < 8%n 0% > 8% 10 < >10%n P-value
SO 10% n (%) (%)
Sex
Male 8(73 12 (27 8 (26
(73) (27 (26) 0.025

Female 3(27) 33(73) 23 (74)
Age
5-10 years 7 (64 21 (47 10 (32

y 64) (47 (32) A
11-15 years 4(36) 24 (53) 21 (68)
Total 11 (100%) 45 (100%) 31 (100%)

* Chi-square test. Significant results at level 5% (o = 0.05) marked in bold.

Table 2. Oral findings in children and adolescents with T1DM according
to glycated hemoglobin values (n = 87)

Glycated hemoglobin
3 n *
Covariates <8%n > 8% to < >10%n P-value
(%) 10% n (%) (%)
Oral hygiene
Satisfactory 5 (45) 31(69) 16 (52) 0.752
Regular 6 (55) 14 (31) 15 (48)
Gingival bleeding after probe
CPI<4 7(70) 20 (44) 10 (32)
0.043
CPI >4 3(30) 25 (56) 21(68)
Caries experience in permanent teeth
DMFT =0 8(73) 19 (45) 929
0.013
DMFT > 1 3(27) 23 (55) 22 (71)
Caries experience
DMFT/dmft = 0 2 (25) 11 (23) 5(16) 0.730
DMFT/dmft > 1 6 (75) 37.(77) 26 (84)
Hyposalivation
Absent 982 23 (51) 9(30)
0.003
Present 2(18) 22 (49 21 (70)
Total 11 (100%) 45 (100%) 31 (100%)

* Chi-square test. Significant results at level 5% (a = 0.05) marked in bold.
One individual without CPI and hyposalivation registered; Three DMFT not registered.
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Table 3 presents the results of the oral health indica-
tors according to mean values of glycated hemoglobin.
A significant difference in the CPI values was found
between groups HbAlc < 8% (mean = 2.7; median
3) and HbAlc > 10% (mean = 4.2; median = 4) (p
0.038).

The DMFT index was higher when the HbAlc va-
lues increased. A significant difference in the DMFT

values was found between groups with HbAlc < 8%
(mean = 0.8; median = 0) and the group with HbAlc
> 10% (mean = 2.4; median = 2; Table 2; p = 0.026).
Figure 1 shows DMFT results according to the mean
values of HbAlc. The association of glycemic control
and dental caries presence was visible.

10

64

T T
>8%t0<10% >10%

Glycated hemoglobin

T
<8%

Figure 1. DMFT results according to glycated hemoglobin in children and
adolescents with TIDM (n = 87). DMFT: Decayed, Missing, Filled Teeth.

Regarding SSFR, a significant difference in the sali-
vary flow was found between HbAlc < 8% {mean = 1.2;
median = 1.1 (0.3-2.1)} and the remaining groups (p =
0.007). There was no statistical difference in SSFR be-
tween the group which had 8% < HbAlc < 10% and the
group which had HbAlc > 10%. However, both groups
presented hyposalivation values (< 0.7 mL/min).

DISCUSSION

The current study was developed to evaluate the in-
fluence of the quality of diabetes control, verified
through HbAlc levels, on the oral health of children
and adolescents with T1DM. The results demonstrated
that oral health indicators were influenced by disease
control. In the groups with higher HbAlc concentra-
tion, a decrease in salivary flow, an increase in bleeding
gums and dental cavities in permanent teeth were ob-
served.

Maintaining glycemic control in children and ado-
lescents with TIDM is a complex task that demands
integrated action between the individuals with T1IDM,
the responsible adults and the health care providers
that assist these individuals (32). In this study, it could
be observed that most of the children and adolescents
(80% of the sample) come to their regular appointments
at the UED with their mothers. Dental care should be-
come a part of a multidisciplinary form of assistance
granted to people with TIDM, and educational pre-
ventive efforts to guide the patients and the responsible
adults must be increased.

Regarding gender, significantly more girls in the
groups with less adequate disease control (8% < HbAl

Table 3. Oral health evaluation according to glycated hemoglobin in children and adolescents with TIDM (n = 87)

Glycated hemoglobin P-value*
<8% (n=10) > 8% to < 10% (n = 45) >10% (n = 31)
CCPI Mean Median Min-Max Mean Median Min-Max Mean Median Min-Max
27 3 0-5 36 42 1-7 42 40 0-9 0.038
<8% (n=11) > 8% to < 10% (n = 42) >10% (n = 31)
DMFT Mean Median Min-Max Mean Median Min-Max Mean Median Min-Max
0.8 02 0-5 1.4 ik 0-9 2.4 2 0-8 0.026
<8% (n=11) > 8% to <10% (n = 43) >10% (n = 29)
SSFR Mean Median Min-Max Mean Median Min-Max Mean Median Min-Max
1.2 1.12 0.3-24 0.7 0.7° 0.1-2.1 0.6 0.6° 0.1-1.8 0.007

* Kruskal-Wallis test. Significant statistical differences (o = 0.05) marked in bold.

Different letters indicate significant statistical differences in a clinical index between glycated hemoglobin groups into the line (post-test Mann-Whitney with Bonferroni correction).
CPI: Community Periodontal Index; DMFT: Decayed Missing Filled Teeth Index; SSFR: Stimulated Salivary Flow Rate.
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< 10% and HbAlc > 10%) were observed, and there
were more boys in the HbAlc < 8% group. No study
that demonstrates significant differences between gen-
ders and glycemic control in TIDM could be found.

The results of this study reinforce the idea that there
is an early onset of gingival alteration in children and
adolescents with T1DM. Usually, bleeding on prob-
ing indicates that there is a gingival alteration called
gingivitis. This situation may be related to poor oral
hygiene and the presence of pathogenic microorgan-
isms. In the current study, oral hygiene was considered
adequate in over half of the group that was studied,
and it was not associated with HbAlc levels. Also, the
tendency to develop dental calculus described by Siu-
dikiene and cols. (8) was not observed. These authors
demonstrated that, in spite of having the same hygiene
habits, individuals aged between 10 and 15 years with
TIDM had a higher tendency to develop dental cal-
culus and gingivitis than non-diabetic individuals (8).
In that research study, the patients were divided into
2 subgroups, one with better control (HbAlc < 8.9%)
and other with less adequate control (HbAlc > 9.0%).
The HbAlc group > 9.0% presented higher mean va-
lues in the gingival, plaque and calculus indexes. These
findings reinforce that, independent of satisfactory oral
hygiene, individuals with diabetes, more precisely those
with less adequate disease control, exhibit a higher risk
of gingivitis.

Higher CPI values were observed in the groups with
the highest HbAlc levels. CPI was lower in the group
with HbAlc < 8% when compared with the group with
HbAlc > 10%, thus indicating that better glycemic
control could contribute to the prevention of gingi-
vitis. This result agrees with studies that demonstrate
that gingival health is influenced by glycemic control
(5,7,13,33). Not all cases of bleeding gums may evolve
to periodontitis. It is known however, that basic oral
hygiene habits are vital for maintaining periodontal
health. Despite the fact that adolescents usually have
some knowledge of the association between diabetes
and periodontal disease, bleeding gums are not always
noticed by children and adolescents with T1DM (17).
It was observed that the bleeding did not influence
tooth brushing frequency or dental floss use for people
in this age group (6).

The current study demonstrated an association
between mean HbAlc values and caries prevalence.
A higher percentage of children and adolescents who
were caries-free in their permanent teeth (DMFT = 0)
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in the groups with lower HbAlc values were observed,
as well as an increase in caries frequency associated with
those having higher HbAlc levels. A study developed
in the same hospital, with another group, older than
those in this study (14-19 years), did not show an as-
sociation between poor metabolic control and dental
caries. The sample size (51 adolescents) may have in-
terfered in the results (13).

These results agree with other studies that have eval-
uated caries and HbAlc levels (14-16). Among these,
a study by Twetman and cols. (14) observed a higher
level of development of dental caries in individuals with
T1DM aged 8 to 16 years with HbAlc > 8%, and veri-
fied that these patients also exhibited a higher level of
glucose concentration in their saliva. Studies that com-
pare caries prevalence in individuals with TIDM and
a control group are controversial. Some have report-
ed higher dental caries prevalence in individuals with
TIDM (1,18,34) while others found higher dental ca-
ries prevalence in the control group (4,11,12). These
differences may be explained, in part, by a wide age
range evaluated in one of the studies (individuals aged
between 11 and 81 years) (11) and by the sample size
(25 patients) in another study (12). Surprisingly, some
authors found a higher dental caries frequency in the
non-diabetic group (10,15). It must be emphasized
that one of these studies (15) was conducted in a popu-
lation with high dental cavity prevalence.

Salivary flow acts as a protecting agent of oral
health. Thus, a reduction in salivary flow may lead to
an increased dental caries frequency as well as a higher
risk for oral diseases. In the current study, we found a
lower stimulated salivary flow rate in the groups with
high mean HbAlc values. This finding was described
by other authors (1,15-17). However, not all of them
demonstrated an association between salivary flow and
metabolic control (15,17). A possible explanation for
those results may be the small amount of individuals
in the sample (15) and the cutting points chosen for
HbAlc values (< 6.5% and > 6.5%) (17).

In conclusion, the present study demonstrated that
glycemic control had an influence on the oral health
of children and adolescents with T1DM. Thus, an oral
evaluation should be part of routine procedures in the
assistance of children and adolescents with TIDM, and
questions about hyposalivation symptoms and the sali-

vary flow rate should be asked. Moreover, the dentist :

should be a part of the multidisciplinary team that as-

sists individuals with TIDM. More studies involving =
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the oral health of children and adolescents with T1IDM
must be endorsed and conducted.
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