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ABSTRACT

Objective: The aim of our study was to evaluate the association of
type 1 diabetes mellitus as well as of metabolic control of the
disease, with the periodontal health and Candida carriage in
diabeticadolescents.

Methods: The study sample consisted of 90 school adolescents
aged 12-18 years, divided into two groups. Diabetic group consisted
of 60 patients with type 1 diabetes mellitus divided into two sub-
groups: D1 with individuals having well controlled glycemia and D2
having poorer metabolic control, each consisting of 30 patients.
Control group consisted of 30 healthy individuals. Plaque index and
gingival index as described by Sillnes and Loe, as well as Community
Periodontal Index, were used to assess the level of oral hygiene and
periodontal health. Cotton swab samples from oral mucosa were
taken and cultured in order to determine Candida carriage.

Results showed that the average plaque and gingival index
values for the diabetic patients were significantly higher (p<0.01)
than one of the control group. Poorly controlled diabetics also had
significantly more plaque accumulations and gingival inflammation
when compared with well-controlled diabetics group. CPI
categories had different distributions among groups, with
CP10=16,67%, CPI1=40,0% , CP12=36,7% , CPI3=6,7% for the
controls and CP10=8,3%, CP11=23,3% , CP12=31,7% , CPI3=36,7%
for diabetics. Candida was more prevalentin Diabetic group.

Conclusion: According to the results obtained, type 1 diabetes
mellitus considerably affects periodontal health in adolescents.
Poorer metabolic control may be a precipitating factor for increased
oral colonization of Candida.
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Introduction

Diabetes mellitus represents a group of metabolic
diseases characterized by hyperglycemia due to a
relative or absolute insufficiency of insulin secretion
and/or concomitant resistance to the metabolic ac-
tion ofinsulin on targettissues[1,2].

Type 1 diabetes (T1DM) is the result of an absolu-
te insulin deficiency. This type of diabetes is usually
diagnosed during childhood or early adolescence [3].

The classic micro- and macro-vascular complica-
tions associated with diabetes include retinopathy,
neuropathy, nephropathy, cardiovascular complica-
tions and delayed wound healing [4]

The oral complications of T1DM include xerosto-
mia, periodontal disease (gingivitis and periodon-
titis), dental abscesses, tooth loss, soft tissue lesions
and burning mouth syndrome. [5]. Periodontal
diseases were considered as the sixth most prevalent
complication of diabetes mellitus following other
diabetic complications [6].

Several mechanisms have been proposed to ex-
plain the increased susceptibility of diabetic patients
to periodontal disease, including alterations in host
response, subgingival microflora, collagen metabo-
lism, vascular and gingival crevicular fluid, as well as
compromised neutrophil function, decreased phago-
cytosis and leukotaxis [7].

There is emerging evidence to support the exi-
stence of a two-way relationship between diabetes
and periodontitis, with diabetes increasing the risk
for periodontitis, and periodontal inflammation
negatively affecting glycaemic control [8]. That is,
particularly if glycaemic control is poor, diabetes is
associated with an increased prevalence and severity
of periodontitis, and, severe periodontitis is asso-
ciated with compromised glycaemic control [9].

[tis also frequently claimed that uncontrolled gly-
cemia predisposes to a variety of local and systemic
infections. Oral candidiasis is known to be more pre-
valent among diabetic patients, with the course of
infection being more complicated than in healthy
individuals [10]. Candida is a normal commensal in
the oral cavity, but during hyperglycemic episodes,
the environmental alteration in the oral cavity may
occur, such as: immune dysfunction, increased sali-
vary glucose and acid production favour, the transi-
tion of the harmless commensal to a pathogen [11].

Available literature evidence on the oral health
status of children and adolescents with type 1 dia-
betes suggest that they are at increased risk of
developing periodontal disease at an early age. The
only study that assesses correlation between glyce-
mic control and periodontal health in B&H popula-
tion is the study of Dedi¢ [12] which was performed
among adult patients in 1994. Our study was conduc-
ted to provide information on possible influence of
T1DM on periodontal health in adolescents in the
Sarajevo Canton area.

Metabolic control of the disease in the study was
assessed by the mean values of glycated haemoglobin
Alc (HbA1c), which is widely used marker of chronic
glycaemia, reflecting average blood glucose levels
over a 2- to 3-month period of time. The test plays a
critical role in the management of the patient suffe-
ring from diabetes, since it correlates well with both
microvascular and, to a lesser extent, macrovascular
complications and is used as the standard bio-
marker for the adequacy of glycaemic management
[13,14].

The aim of our study was to evaluate the associa-
tion of T1DM, as well as of metabolic control of the
disease, with the periodontal health and Candida
carriage in diabeticadolescents.

Material and Methods

This prospective study was conducted in the
Public Institution for Health Care of the Sarajevo
Canton from January 2014 to February 2015.

Ethical considerations

The study design was approved by Ethical
Committee of Faculty of Dentistry, University of
Sarajevo. The nature and purpose of the research was
presented to the parents/guardians of all individuals
participated in the study, who then signed a consent
form. At the end of the research, all patients received
dental treatment.

Individuals

The study sample consisted of 90 school
adolescents aged 12-18 years, who reside in the area
of the Sarajevo Canton, divided into two groups:
diabetic group (D) and a control group (C).
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Group D consisted of 60 patients who had been
diagnosed with T1DM according to the diagnostic
protocol of Endocrinology Department of Pediatric
Clinicin Sarajevo, atleasttwo years before.

This group of individuals was further divided into
two subgroups each comprising of 30 persons,
according to their glycemic control: subgroup D1
consisted of patients with well controlled glycaemia
(HbAlc< 7%); whereas subgroup D2 consisted of
patients with poorer metabolic control, with
HbA1c>7% [13,14]. These data were obtained from
patientmedical records.

The recruitment of the individuals was done at the
Endocrinology Departmentin the period from Janua-
ry 2014 to February 2015. All the consecutive pati-
ents of the corresponding age were handed written
information about the study, and the invitation for
dental examination. We were able to recruit a total of
30 patients with poorer metabolic control (subgroup
D2) who matched inclusion criteria and agreed to
participate in the study. They were scheduled for the
dental examination at the Dental Department of the
Public Institution for Health Care of the Sarajevo Can-
ton. As well, 30 consecutively attending individuals
with well controlled glycaemia (subgroup D1), who
accepted to participate in the study and matched the
criteria, were scheduled for the examination. The
inclusion criteria were: age from 12-18 years, written
parental consent and those being diagnosed with
T1DM atleast 2 years earlier. Individuals were exclu-
ded for the following criteria: undergoing active or-
thodontic therapy, having professionally applied to-
pical fluorides in the previous 6 months, using antibi-
oticsand/or oral antisepticsin the previous 2 weeks.

The Control group (C), comprised of 30 age-
matched healthy subjects not affected with any sys-
temic diseases, as determined through medical histo-
ry. This group consisted of the adolescents who were
regular patients of Dental Department of the Public
Institution for Health Care of the Sarajevo Canton.
The inclusion criteria for controls were: age, parental
consent, and no history of systemic illness, whereas
the exclusion criteria were the same as those for the
Diabetic group.

Dental examinations

Clinical examinations were performed at the
Dental Department of Health Care of the Sarajevo
Canton, by a single dentist, using straight dental

mirror and World Health Organization (WHO)
periodontal probe.

Thelevel of oral hygiene was assessed by means of
a plaque index (PI) and gingival index (GI), using
scores 0-3, as described by Silness and Loe [15, 16].
The evaluation was performed on 6 index teeth: 16,
11,26,36,31 and 46. Scores were recorded for 4 sites
per tooth: mesial, distal, buccal, and lingual surface.
Plaque quantity was assessed at the cervical tooth
area.

The Community Periodontal Index (CPI) was used
for periodontal evaluation. The same index teeth
were used as for Pl and GI. Three indicators of
periodontal status were used for this assessment:
bleeding gums, periodontal calculus and periodontal
pockets. According to WHO recommendations, when
examining adolescents under the age of 15, only
bleeding gums and calculus were recorded to avoid
falsely scoring deepened sulci due to eruption as
periodontal pockets [17].

Candida sample collection and cultivation

After the dental examination, the samples were
collected from the oral mucosa using sterile cotton
swab and transported immediately to laboratory for
microbiology analysis. Swab cultures were inocula-
ted on Sabouraud dextrose agar (Difco Becton
Dickinson, Franklin Lakes, NJ, USA) (SDA). Inoculated
plates were incubated for 48 hours at 37°C. After that,
the presence of Candida was confirmed by colony
characteristics on SDA.

Statistical analysis

Data were analyzed using Microsoft Office XP
Excel. Descriptive data were presented as Mean + SD
(standard deviation) or the percentages. The diffe-
rences between groups were assessed by using the
Student t-test. Differences were considered to be sta-
tistically significantatp <0.05.

Results

The individuals enrolled in the study aged from 12
to 18 years. The mean age in Diabetic group was
15.8+1.79, while of those in Control group it was
15.2+1.99 respectively. Mean ages from subgroups
D1 and D2 were 15.97+1.59 and15.63%£1.99
respectively.
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Average duration of illness in subgroup D1 was
8.87+3.13 year, while in subgroup D2 it was
8.37+3.12. This is not regarded as statistically
significant difference.

Plaque index

The mean PI score was higher in the Diabetic
group than in the Control group (diabetics subjects
1.60 + 0.74; healthy subjects 0.87 £ 0.73), which was a
significant difference (t=4.39, p<0.01). Also,
significant difference was disclosed in mean PI score
between well and poorly controlled diabetics
(t=2.92, p<0.01) - namely; subgroup D2 subjects had
a higher PI than those from subgroup D1(1.87+0.73
versus 1.33+0.66, respectively).

Gingivalindex

Adolescents with diabetes had significantly more
gingival inflammation than controls. Mean GI for the
Diabetic group was 1.62+0.74, whereas for the
Control group it was 0.87+0.78 (t=4.33, p<0.01).
Distribution of of sites with gingival inflammation
among diabetic and healthy subjects is shown in
Figures 1.and 2.

The differences in mean GI remained significant
between subgroups D2 and D1 as well (1.87+0.73
and 1.37+0.67 respectively; t=2.72,p<0.01).

CPIscore

The proportion of subjects with a healthy
periodontium in Control group was 16.67% versus
8.3% in Diabetic group. The most frequent CPI score
in healthy adolescents was score 1 (bleeding on
probing) and among diabetics score was 3
(periodontal pocket 4 - 5 mm). In subgroup D1, the
most frequent finding was bleeding, as well as in
healthy individuals, while 4-5mm periodontal
pockets were mostly found in subgroup D2. Tablel.
shows distribution of CPI categories among groups in
detail.

Candida carriage

Candida was isolated in 60.0% diabetic and in
43.3% healthy adolescents. Regarding metabolic
control, this difference was considerable, with 73.3%
positive yeast growth in poorly controlled patients
and 46.7% in well controlled patients.

Severe Absence of
inflammation inflammation
7% 8%

Moderate
inflammation
57%

Figure 1. Distribution of sites with gingival inflamation
in diabetic subjects

Moderate
inflammation
23%

Figure 2. Distribution of of sites with gingival inflamation
in healthy individuals

Pl Control | Diabetic | Subgroup | Subgroup
score group group D1 |
(%) (%) (%) (%)
0 16,67 8,33 10,00 6,67
1 40,00 23,33 33,33 13,33
2 36,67 31,67 36,67 36,67
3 6,67 36,67 30,00 43,33

Tablel. Distribution of CPI categories among groups
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Discussion

Increased susceptibility to periodontal disease in
diabetes patients has been subject of big interest for
long time. Epidemiological studies have clearly
identified that diabetes is a major risk factor for
periodontitis, increasing the risk approximately
three times compared to non-diabetic individuals,
particularly if glycaemic control is poor [9]. The
meta-analysis of Khader et al. [18] based on 23
comparative studies, demonstrated that diabetics
had poor oral hygiene as measured by the average of
PI, higher severity of the gingival disease as
measured by the average of GI, and higher severity of
periodontal disease. The most prevalent periodontal
disease among children is gingivitis, and it usually
becomes more severe inadolescence [19].

In our study Plaque index and Gingival index as
described by Sillnes and Loe [15,16], and Community
Periodontal Index [17] were used to assess the level
of oral hygiene and periodontal health of diabeticand
healthy adolescents.

According to results obtained, oral hygiene of
controls can be categorized as good, while that of
T1DM patients as fair [20]. Diabetics had
significantly higher mean PI values than healthy
adolescents regardless of metabolic control. The
evidence that our study presents coincides with that
of Aren et al. [21], which showed that both newly
diagnosed diabetic patients and those with longer
duration of the disease had significantly more plaque
accumulations than healthy subjects. The study of
Lalla etal. [22] also demonstrated that children with
diabetes had significantly more dental plaque than
non-diabetic control children, and when the
percentage of sites that had visible plaque was
calculated (plaque index >2) a significant difference
was found again. Other studies [23,24,25] also
revealed higher PI scores in patients with diabetes
mellitus.

To the contrary, study of Tagelsir [26] disclosed no
statistically significant difference in PI between
diabetics and non-diabetics. Furthermore, in the
study of Siudikiene [27], diabetics even had less
plaque on their teeth, but significantly more calculus
than controls.

Increased plaque accumulation could be
explained by increased levels of glucose in the saliva
and the gingival cervical fluid of diabetic patients,

which enhances biofilm growth; as well as by the
impaired salivary secretion, which prolongs oral
clearance [28].

On the other hand, non-significant results might
be attributed to regular follow up and the well-
controlled metabolic level of the diabetic children
[29], but also to the fact that the oral hygiene practice
of diabetic patients may be similar to that of non-
diabetic controls.

Multiple studies showed that children with
diabetes had significantly more gingival
inflammation than control children measured by GI
[21,22,24,25,30], which corresponds with our
results. This difference in our study remained
significant between subgroups D2 and D1, mean GI
values being higher in adolescents with poor
metabolic control. In Lithuanian study [27], higher
values of GI in poorly controlled subjects were also
determined, although the differences were not
statistically significant. Some studies showed no
significant difference in GI between the T1DM
patients and controls, as those of Luczaj [31] and
Firatli [32].

In our study, 64% of diabetic subjects had mean GI
scores 2 or 3, that denotes a bleeding site. Although
this finding is an indicator of inflammation, it is
possible that vascular changes in diabetes mellitus
add to increased gingival bleeding [24]. Also, it has
been shown that patients with TIDM mount an
exaggerated gingival inflammatory response to a
bacterial challenge compared to that found in non-
diabetics [30], which might be one of the
explanations for our results.

Considering CPI score results in our study,
percentage of subjects with healthy periodontium
was two times higher in Control than in Diabetic
group, and furthermore, while periodontal pockets
were registered in only about 7% healthy
adolescents, the same score was found in almost 37%
diabetic patients.

Earlier epidemiological study conducted on
national and regional levels in Bosnia and
Herzegovina among 15-year-old from Sarajevo [33]
reported somewhat less favorable distributions of
CPI categories (CP10=18%, CPI11=38%, CP12=28%,
CPI3=14%, CPI4=1%) with larger proportion of
individuals with registered periodontal pockets than
in healthy ones in our study, but even so, our findings
still present an indication of greater severity of
periodontal disease in diabetic patients.
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Study of Lalla [22] found that attachment loss, the
hallmark of periodontitis, calculated as either a
subject based mean, or as the number of affected
teeth, was also significantly higher in diabetic
children compared to non-diabetic control
individuals. Similar results were presented by Firatli
etal.[32].

Besides posing a risk to periodontal disease,
diabetes is often considered a precipitating factor for
increased oral colonization of Candida. This yeastisa
normal commensal of the oral cavity but increased
salivary glucose and acid production favor its
transition to a pathogen [11]. In our study Candida
was isolated in 43.3% of healthy adolescents, in
46.7% well controlled diabetics and in even 73.3%
poorly controlled T1DM patients. A study comparing
Candida carriage in adult diabetic patients [34] found
positive growth of Candida colonies in 30% T1DM
patients as opposed to only 7% in healthy
individuals. The CFU/ml values in diabetics
compared to controls were also significantly higher.
In another study, 67.8% of diabetic patients and
50.4% of healthy individuals were Candida positive,
and the difference was statistically significant [35].
Regarding metabolic control, Siudikiene et al
showed an inverse correlation of salivary microbial
counts of Candida and the level of metabolic control
of T1DM. Poorly controlled diabetics had
significantly higher counts of yeasts, when compared
to the group of well-to-moderately controlled
diabetics [36].

Conclusion

The results presented in this study demonstrate
that young patients with type 1 diabetes mellitus are
more prone to periodontal disease, with higher
severity exhibited in patients with poorer metabolic
control. Furthermore, higher rate of isolation of
Candida in diabetics implies potential for increased
susceptibility to oral mucosal candidiasis.

In light of this findings it is clear that early oral
screening of paediatric T1DM patients is necessary in
order to timely prevent or stop further progression of
periodontal disease and oral infection.
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