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Abstract
Diabetes mellitus is a chronic disorder that affects oral health; there are no data in Uru-
guay. Objective: To compare the oral health status of diabetic and non-diabetic children. 
Method: Observational, analytical case-control study where 86 children were evaluat-
ed and divided into two groups: DM1 Group, diabetic children aged 8–12 who go to 
Pereira Rossell Hospital Center without other systemic diseases and with no orthodontic 
treatment; Control group (CG): non-diabetic children in the same age group with public 
health care coverage, non-medicated and without orthodontic treatment. Variables: bio-
film, dental caries, gingival bleeding. Results: Biofilm was present in all subjects. O’Leary 
Index: DM1=71.48 and CG=89.81. Bleeding on probing: DM1=76.7% and CG=60.7% 
(GBI averages are 5.57 and 2.36 respectively and GBI mean: DM1=3.65 and CG=1.04. 
Caries: DM1=40.0% and CG=28.6% (DMFT average: DM1=1.223 and CG=1.0357). 
Conclusions: We found significant statistical differences in bleeding index between dia-
betic and non-diabetic subjects (Mann & Whitney test) but not in the caries variables. 
These results allow for a comparison with international studies.

Keywords: diabetes mellitus, oral health, prevalence, dental indexes.

DOI: 10.22592/ode2018n32a11



85Cell proliferation study in human tooth germs 

Introduction
Diabetes mellitus (DM) is an endocrine meta-
bolic non-communicable disease, which affects 
a high percentage of the world’s population; it 
is also one of the most frequent diseases among 
children and adolescents. The World Health 
Organization defines DM as a metabolic dis-
order with multiple aetiologies, characterized 
by chronic hyperglycemia and an alteration of 
the metabolism of carbohydrates, lipids and 
proteins, caused by a defect in the secretion of 
insulin, in its action, or both. In the long term, 
the consequences of DM involve the appear-
ance of conditions in different organs or sys-
tems, such as the retina, the kidneys or the car-
diovascular system (1). Diabetes mellitus occurs 
when the concentration of insulin is unsuitable 
to prevent hyperglycemia and its consequences. 
When there is insulin resistance, a metabolic 
status which reduces the effect of insulin on 
the tissues, it can be balanced by increasing the 
secretion of the β pancreatic cell; it has been 
proven that diabetes does not occur as long as 
hyperinsulinemia helps balance this situation 

(2).
In the 80s, it became clear that it was necessary 
to conduct rigorous epidemiological studies, in 
order to determine the extent and the impact of 
DM1. This led to several projects: the Search-
Study (3) in the United States of America and 
in Europe, the Diabetes Mondiale-DiaMond 
Project(4) and the EURODIAB study(5), all 
sponsored by the World Health Organization 
and aimed at keeping records based on popu-
lation studies to monitor the trends of the dis-
ease in children and adolescents, its incidence 
and prevalence based on national and regional 
records, which have allowed for the standard-
ization of definitions, protocolizing data col-
lection and validation methods. The DiaMond 
project included over 110 records in 57 coun-

tries, and EURODIAB included records from 
44 centers in 28 European countries. Addition-
al studies reported by the International Diabe-
tes Federation (6) have also become relevant to 
monitor DM trends around the world. These 
studies have provided evidence that the inci-
dence of the onset of DM1 in childhood is ris-
ing in most countries around the world; the in-
cidence of DM1 in children increases with age, 
peaking around puberty. Despite geographical, 
ethnic, and racial differences, the estimated an-
nual growth rate in Europe is 3%, with a higher 
growth rate in younger people (5). Latin Amer-
ica is no exception; there has been a significant 
increase in the incidence of DM, which has 
called the attention of general physicians, med-
ical and dental specialists. A nation-wide sur-
vey conducted in Uruguay in 2004(7) showed 
a prevalence of 6.4% of known diabetics, and 
1.6% of not known diabetics: a total of 8.2%. 
The results were higher than in previous esti-
mates, noting that 20% of the diabetics had not 
been diagnosed, and therefore did not know 
they suffered from the disease. Given that an-
other 8% of the population is quite likely to 
suffer from diabetes, the prevalence in Uruguay 
might be around 16.2%, equivalent to around 
534,000 Uruguayans suffering or at risk of de-
veloping DM. It is important to note that mor-
tality from DM ranges from 12 to 14 for every 
1,000 Uruguayans. 
In 2018 (8), the American Diabetes Association 
(ADA) stated that DM occurs when there is an 
unsuitable concentration of insulin to prevent 
hyperglycemia and its consequences. If there is 
insulin resistance, insulin levels may increase in 
order to compensate for it, and diabetes does 
not occur as long as the hyperinsulinemia com-
pensates this situation. There are three main 
kinds of diabetes mellitus: type 1 (DM1), type 
2 (DM2) and gestational diabetes (9-10). The 
most common diabetes mellitus among chil-
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dren and young people is type 1 (DM1). It is 
characterized by the destruction of the β pan-
creatic cells, which translates into an absolute 
insulin deficiency and a vital dependence on 
exogenous insulin. This is the case in over 80% 
of patients in the pediatric age group. It also ap-
pears in young adults, and it represents between 
5% and 10% of all the DM cases at any age. Its 
highest incidence is observed among children 
under 15, which is why it is also called juvenile 
or insulin-dependent diabetes. 
Clinical studies (11-15) have reported significant 
effects of diabetes mellitus on the oral cavity, 
affecting soft and hard tissues, such as caries, 
gingivitis/periodontitis and tooth loss. This 
study arises from the realization that Uruguay 
lacks knowledge and data about the relation-
ship between diabetes mellitus and oral health 
in children, despite the fact that international 
scientific evidence recognizes diabetes mellitus 
as one of the chronic diseases with clear reper-
cussions in the mouth. 

Objective
To determine whether the oral health status in 
children suffering from diabetes mellitus type 
1 is different from that of children who do not 
suffer from diabetes, by comparing the preva-
lence of dental caries and gingival alterations. 

The survey of diabetic children was conducted 
at the Diabetes Unit of the referral and count-
er-referral outpatient clinic of the Centro Hos-
pitalario Pereira Rossell (CHPR) (16), the only 
pediatric hospital in the country which has a 
multiprofessional and interdisciplinary medi-
cal team made up of professors of the School 
of Medicine of Universidad de la República 
and professionals belonging to the Nation-
al Health Service (ASSE) of the Ministry for 
Public Health (MSP). The control group was 
made up of students at State School No. 172, 
“José Martí”, located in Malvín neighborhood 
(Caldas 1921). Their socio-cultural context is 
similar to that of the patients treated at CHPR, 
and they also receive health care from state pro-
viders.

Methodology
The study was designed as a case-control, ob-
servation-based and analytical study. The case 
group included all the diabetic children seen 
within the period from March to December, 
2017, aged 8-12. The control group was made 
up of non-diabetic children aged 8-12 at the 
time of the test. Two controls of the same age 
were taken for each case. This is therefore a con-
venience sample (Table 1). 

Table 1. Number of subjects by age per group

CASE CONTROL TOTAL

AGE IN YEARS

8 3 6 9
9 4 8 12

10 8 16 24
11 6 12 18
12 9 14 23

TOTAL 30 56 86
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The distribution of subjects according to gen-
der in the diabetic and non-diabetic groups was 
balanced: 15 females and 15 males in the group 
of diabetics, and 29 females and 27 males in the 
group of non-diabetics. The vast majority of the 
total number of subjects (91.7%) had received 
some kind of dental care. The mean of the Body 
Mass Index was 19.47 for diabetic children and 
19.54 for non-diabetic children. 
Two groups were evaluated: 
GROUP DM1 (CASE). Inclusion criteria: 
Type 1 diabetic children aged 8-12, attending a 
state health care center after two or more years 
of the onset of diabetes. Exclusion criteria: 
Children with other systemic conditions with 
orthodontic treatment, who do not sign the 
consent form.
GROUP 2 (CONTROL). Inclusion criteria: 
Non-diabetic children aged 8-12, attending a 
state health care center. Exclusion criteria: Chil-
dren with other systemic conditions, with or-
thodontic treatment, who do not sign the con-
sent form, receiving health care from a private 
provider. 
Among the diabetic subjects, we measured the 
time elapsed between the onset (first diagnosis), 
which resulted in 8 children of up to 2 years of 
age, 11 children aged 2-5, and 10 children over 
5 years of age. 
VARIABLES. The oral health variables under 
study are: 
•  O’Leary’s Visible plaque index (VPI) (17) 
•  ICDAS II-Nyvad Caries detection index (18)

•  Ainamo & Bay’s Gingival bleeding index 
(GBI) (19) 

DATA COLLECTION. The clinical oral ex-
amination was systematized and conducted by 
a single operator, who had been previously cali-
brated: Kappa intraoperator = 0.7. Throughout 
the data collection process, he continued the 
calibration maintenance (5%). The data from 
both groups were stored in a database that was 
used exclusively for this study.

ETHICAL CONSIDERATIONS. The people 
responsible for the project undertake to keep 
the data confidential. Signature of the free, in-
formed and express consent of the parents and 
adults in charge, and the consent of the chil-
dren. All the children received their oral health 
diagnosis, health education, and relevant oral 
hygiene measures, all at no cost to them. They 
all received an oral hygiene kit. This study was 
conducted with institutional endorsement 
and the approval of the Ethics Committee of 
the School of Dentistry of Universidad de la 
República.
RESOURCES AND FUNDING. The mate-
rial resources were provided by the School of 
Graduates of the School of Dentistry, by way 
of funds granted by the Postgraduate Academic 
Commission of UdelaR.
STATISTICAL ANALYSIS. Descriptive statis-
tics were calculated for all variables and for both 
groups of subjects. We studied the distribution 
of the variables which are relevant to oral health 
in order to compare the differences between di-
abetic and healthy subjects. All the data were 
processed using the SPSS statistical software.

Results
BIOFILM. All the children in group DM1 and 
in the control group had biofilm (Table 2). The 
mean for O’Leary’s modified visible plaque in-
dex (VPI) was lower among the diabetic chil-
dren (71.48) than among the non-diabetic chil-
dren (89.91) (Table 3).

Table 2. Number of subjects with biofilm per 
group 

GROUP PRESENCE OF PLAQUE TOTAL
CASE 30 30

CONTROL 56 56
TOTAL 86 86
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Table 3. Visible plaque index statistics per 
group

O’LEARY’S PLAQUE INDEX
GROUP MEAN N S.D.
CASE 71,48 30 30,323

CONTROL 89,81 56 24,437
TOTAL 83,41 86 27,880

1. DENTAL CARIES
Presence of carious lesions according to the 
ICDAS II-Nyvad criterion. Table 4 shows the 
percentage of carious lesions in the case group 
and in the control group.

Table 4. Presence of caries according to 
ICDAS II-Nyvad per group 

Percentage within the group

GROUP WITH CARIES WITHOUT CARIES TOTAL
CASE 100,0 % 100 %

CONTROL 92,9 % 7,1 % 100 %
TOTAL 95,3 % 4,7 % 100 %

Caries surface according to the ICDAS II-Ny-
vad criterion - The mean of the number of sur-
faces with carious lesions among the diabetic 
subjects (11.00) is slightly higher than that of 
the non-diabetic subjects (9.68), (Table 5).

Table 5. Statistics of the number of carious 
lesions according to ICDAS II-Nyvad per 
group

GROUP MEAN N S.D.
CASE 11,00 30 7,320

CONTROL 9,68 56 7,331
TOTAL 10,14 86 7,312

Caries according to the CPO criterion. The 
percentage of children with carious lesions 
among the diabetic subjects (40) was slightly 
higher than the percentage of non-diabetics 
(28.6) (Table 6).

Table 6. Presence of caries according to 
DMFT per group
Percentage within the group

GROUP WITH CARIES WITHOUT CARIES
CASE 40,0% 60,0% 100,0%

CONTROL 28,6% 71,4% 100,0%
TOTAL 32,6% 67,4% 100,0%

DMFT mean. The mean of DMFT among the 
diabetic subjects (1.233) was slightly higher than 
that of the non-diabetic subjects (1.035) (Table 7).

Table 7. DMFT statistics per group

GROUP MEAN N S.D.
CASE 1,2333 30 1,97717

CONTROL 1,0357 56 1,83862
TOTAL 1,1047 86 1,87885

2. GINGIVAL INFLAMMATION
The percentage of children with gingival bleed-
ing as measured by the GBI (J. Ainamo and I. 
Bay 1975) was slightly higher among the dia-
betic subjects (76.7) than among the non-dia-
betic subjects (60.7) (Table 8).

Table 8. Presence of gingival bleeding using 
the GBI per group
Percentage within the group

GROUP
PRESENCE OF BLEEDING

TOTAL
With bleeding Without bleeding

CASE 76,7% 23,3% 100,0%
CONTROL 60,7% 39,3% 100,0%

TOTAL 66,3% 33,7% 100,0%

The mean for the bleeding index among the 
diabetic subjects (5.57) was higher than that of 
the non-diabetic subjects (2.36) (Table 9).

Table 9. GBI statistics index per group

GROUP MEAN N S.D.
CASE 5,57 30 5,265

CONTROL 2,36 56 3,501
TOTAL 3,48 86 4,445
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In summary, the results show that 100% of the 
members of the two groups under study had 
plaque; the mean O’Leary’s plaque index in the 
diabetic subjects is 71.48 while in the control 
group it was 89.81. Regarding gingival inflam-
mation: 76.7% and 60.7% of the subjects had 
bleeding on probing, in the case group and the 
control group respectively, with a mean bleed-
ing on probing index of 5.57 and 2.36, respec-
tively. From the caries survey, conducted using 
the DMFT index, there arose that 40% of the 
members of the DM1 group had caries, while 
in the control group the figure was 28.6%; 
thus, the mean DMFT is slightly higher among 
the diabetic subjects (1.233) than in the control 
group (1.0357). The caries survey conducted 
according to ICDAS showed that 100% of the 
members of the case group had carious lesions, 
while in the control group the percentage was 
92.9. Upon analysis of the number of surfaces 
with lesions, the mean in the case group was 
11.0, slightly higher than the control group, 
9.68.

Discussion 
Based on the literature studied, oral health is 
affected in children who suffer from DM. The 
numerous studies that have researched the 
connection between dental caries and diabe-
tes mellitus do not report unanimous findings. 
However, regarding gingival disease, most au-
thors agree that there is a higher prevalence and 
severity among children with diabetes, and that 
it has an early onset (20). López del Valle’s (Puer-
to Rico, 2011) (21) case-control study conducted 
among children aged 6-12 (25 diabetic children 
in the case group and 25 healthy children in the 
control group) reported significant differences 
when comparing the data collected in the sur-
vey. It described higher levels in children suffer-
ing DM1: a higher VPI, the mean of the DM1 
group was 2.5 and that of the control group 
was 0.8; a higher number of carious lesions in 
permanent teeth, 1.43 in the DM1 group and 

0.56 in the control group; a higher bleeding 
on probing index, by area (GBI): 23.9% in the 
DM1 group and 4.2% in the control group. 
Lalla et al. (New York, 2007) (13) case-control 
study conducted among children and adoles-
cents aged 6-18 (186 diabetic children in the 
case group and 160 healthy children in the 
control group) reported significant differences 
between the two groups. It reported higher val-
ues in children and adolescents suffering from 
DM1: a higher VPI, the mean of the DM1 
group was 1.2 and that of the control group 
was 1.1, and a higher bleeding on probing in-
dex, by area (GBI): 23.6% in the DM1 group 
and 10.2% in the control group. However, it 
reported a lack of significance in the compari-
son of carious lesions between the groups. 
The results of this study only showed statistically 
significant differences for the gingival bleeding 
index: the Mann-Whitney test showed that the 
bleeding index was significantly higher among 
the diabetic subjects (mean=3.65) than among 
the healthy ones (mean=1.04), U=517, p=0.03. 
Based on these analyses and on the results of 
this study, we agree with Novotna (2015) (12), 
whose revision article sets forth that the stud-
ies which associate DM and dental caries are 
inconclusive. In our case, the relation between 
DM and dental caries was not statistically sig-
nificant. The analysis of the subjects’ diet was 
limited by the difficulty in counting the number 
of daily intakes as a risk factor for caries. In this 
respect, it was possible to obtain accurate data 
for group 1, given that they have a programmed 
feeding regimen which regulates the frequency 
and the quality of the intakes, but this was not 
possible in the control group, as most of the 
subjects eat food or drink juice in unlimited 
amounts and quite frequently between meals. 
The author also reported that most of the stud-
ies reviewed show a higher plaque and gingival 
inflammation index in the group of children 
and adolescents suffering from DM1, as com-
pared to the control group of healthy subjects. 
DM has been proven to be a relevant risk factor 



90 Adriana Techera, Gretel Villamonte, Laura Pardo, María del Carmen López Jordi

for the development of periodontal disease (22-23) 
and a higher rate of prevalence and severity is 
seen in children suffering from diabetes, which 
has an early onset. Likewise, there is evidence 
that gingival inflammation may contribute to 
the persistence of hyperglycemia, thus causing 
poor glycemia control in people with DM (24-25). 
The mechanism in charge of the relationship 
between hyperglycemia and periodontitis, ac-
cording to Taylor et al.(26), is the development 
of a hyperinflammatory response to the bacteri-
al challenge, which would broaden the range of 
changes in the diabetic host, including a defec-
tive barrier of the neutrophils which, together 
with an exaggerated response of the monocytes 
(increasing the liberation of proinflammatory 
cytokines and the oxidative reactions), would 
alter defense and healing mechanisms. 

Conclusions
DM can have a significant impact on children’s 
oral health. It is therefore important for den-
tists and family to be familiar with the signs and 
symptoms which may be altered if some factors 
are not controlled. The results obtained in this 
study are the first data for Uruguay, and they 
provide elements to improve oral health proto-
cols for children and adolescents, whether they 
suffer from DM1 or not. Likewise, the study 
has allowed us to analyze the results obtained, 
bearing in mind the results reported by interna-
tional studies. Although the results validate the 
clinical relevance of this kind of study, its small 
sample size is a limitation, as it is understood 
that with small samples it is statistically less 
possible to detect significant differences than 
in larger samples. Health promotion through 
the encouragement of a healthy diet, good 
oral hygiene habits, and the metabolic control 
of diabetes must start at an early age, and the 
dentist must be part of the team treating dia-
betic children to help prevent complications. It 
is also paramount to include dental checkups 
for children who suffer from diabetes mellitus 

in the institutional protocols which lay down 
the guidelines for their comprehensive care, 
in order to contribute to and early diagnosis 
through an active role.
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