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type 1 diabetes mellitus had a significantly higher plaque 
index and gingival index and more bleeding on probing 
than control subjects (p  !  0.001). In the diabetic group, peri-
odontitis was significantly associated with longer duration 
of diabetes (odds ratio 2.230, confidence interval 1.308–
3.801; p  =  0.003) and older age at diagnosis of diabetes (odds 
ratio 1.838, confidence interval 1.091–3.096; p = 0.022).  Con-

clusions:  Periodontal disease in young patients with type 1 
diabetes was more evident than in those without diabetes. 
These data showed that diabetes duration may play a sig-
nificant role in the progression of periodontal disease in dia-
betic children. 
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 Introduction 

 The most prevalent periodontal disease among chil-
dren is gingivitis  [1] , and it usually becomes more severe 
in adolescence  [2] . If gingivitis is not treated and prop-
erly managed, it may progress to periodontitis  [3] . Pa-
tients diagnosed with diabetes mellitus are considered
a high-risk group with greater susceptibility to severe 
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 Abstract 

  Objective:  The aim of this study was to evaluate periodontal 
health in children diagnosed with type 1 diabetes mellitus. 
 Subjects and Methods:  Periodontal health was clinically ex-
amined and compared in 95 children diagnosed with type 1 
diabetes and 61 healthy control subjects (4–14 years old). 
Plaque index, gingival index, clinical attachment loss and 
bleeding on probing were assessed on the 6 Ramfjord index 
teeth. Diabetes history was recorded based on information 
provided by the physician from the medical record of each 
diabetic child. Diabetes history included date of diagnosis, 
diabetes duration, age at diagnosis, latest reading for glyco-
sylated hemoglobin and any existing diabetes complica-
tions. Data were analyzed using the Statistical Package for 
Social Science software, version 18. ‘Periodontitis’ was de-
fined as at least one site with clinical attachment loss  1 2 mm 
on at least 2 teeth.  Results:  Sixty-two of the diabetic children 
(65%) had poor compliance with dental care, and 42 of them 
(44%) had never visited the dentist before. The children with 
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forms of periodontal destruction that may lead to tooth 
loss  [4] . Several studies have demonstrated that the prev-
alence, severity and progression of periodontal disease 
are significantly increased in patients with diabetes  [5, 6] . 
A few reports on the relationship between diabetes and 
periodontal disease have included children and adoles-
cents  [7–11] . Most of the studies evaluating the relation-
ship between diabetes and periodontal disease in chil-
dren did not specify the type of diabetes and used self-
reported medical information.

  The prevalence of type 1 diabetes is increasing notice-
ably among children in Kuwait  [12] . The reported inci-
dence rate of type 1 diabetes was 20.1 per 100,000 chil-
dren aged 0–14 years  [13] . Risk factors for diabetes in 
young individuals included a family history of diabetes 
and diet  [14] . Although the prevalence and incidence of 
diabetes are increasing dramatically among children in 
Kuwait, at present there are no available studies or pub-
lished material evaluating the periodontal condition of 
diabetic children in Kuwait. Therefore, the aims of this 
study were to assess periodontal health in children with 
type 1 diabetes mellitus and to explore the diabetes-relat-
ed parameters that are associated with periodontal de-
struction.

  Subjects and Methods 

 Subjects 
 This cross-sectional study was approved by the Ethics Review 

Committee of the Faculty of Dentistry, Kuwait University, and 
conducted during 2010–2011. Ninety-five children with diabetes 
were mainly recruited from the Diabetic Unit at Mubarak Hospi-
tal, and 61 controls were recruited from the Dental Clinic of Ku-
wait University. Inclusion criteria for the diabetic group were: an 
established diagnosis of type 1 diabetes for at least 1 year, a mini-
mum age of 4 years and the ability to undergo a dental examina-
tion. General exclusion criteria for all participants were: need for 
antibiotic prophylaxis, a history of recent systemic antibiotic ther-
apy and orthodontic appliances. All participants and their guard-
ians were informed about the aim of the study and its voluntary 
nature, and informed consent was obtained from parents prior to 
enrolment. Nondiabetic children were matched to the diabetic 
children based on frequency matching. No bias in selection oc-
curred since patients were chosen in the order of random admis-
sion. The dental examination for the diabetic children was per-
formed on the same day directly following their annual medical 
assessment. Because of unavoidable logistical obstacles, the ex-
aminers (A.K.A., A.H.) were not masked to the diabetic status of 
the participants. All the diabetic patients had their glycosylated 
hemoglobin (HbA1c) test 1–7 day(s) prior to their annual medical 
visit. The referring physician provided the diabetic history for 
each patient based on the information in the medical record of 
each diabetic child. Diabetic history included date of diagnosis, 

duration of diabetes, age at diagnosis, latest reading for HbA1c 
and any existing diabetic complications. Control subjects were 
considered medically healthy based on their self-reported medi-
cal history, which was obtained from the parents (if the patient 
was not on any medication and had never been told by a physician 
that he or she had diabetes or any other medical conditions). For 
all the study subjects, data collection comprised sociodemo-
graphic information, dental history and oral hygiene practice.

  Periodontal Assessment 
 The periodontal examination was based on the 6 Ramfjord 

index teeth  [15] . For patients with deciduous and mixed dentition, 
the periodontal examination was carried out on the correspond-
ing teeth. The plaque index  [16]  and gingival index  [17]  were as-
sessed on 4 sites per tooth (mesiobuccal, distobuccal, mesiolin-
gual and distolingual). The plaque index was scored on a scale of 
0–3 as follows: 0 = no plaque; 1 = subgingival plaque only detect-
able with probe; 2 = visible plaque; 3 = abundant plaque covering 
the tooth. The gingival index was used to detect signs of inflam-
mation and was also scored on a scale of 0–3 as follows: 0 = normal 
gingiva; 1 = mild inflammation/slight color change or edema; 2 = 
moderate inflammation/redness and edema; 3 = severe inflam-
mation with marked redness and edema and/or tendency for 
spontaneous bleeding. For fully erupted permanent teeth, clinical 
attachment loss and bleeding on probing were recorded for 6 sites 
per tooth (mesiobuccal, midbuccal, distobuccal, mesiolingual, 
midlingual and distolingual). Clinical attachment loss represents 
the distance from the cementoenamel junction to the bottom of 
the periodontal pocket. Bleeding on probing was recorded as ei-
ther present or absent within 30 s after probing. All assessments 
were performed by 1 of 2 trained examiners (A.A. and A.H.) using 
a standardized manual periodontal probe. The examiners dem-
onstrated clinical attachment loss measurements across a range 
of subjects (who were recruited for the purpose of the calibration 
and training exercise) at  8 1 mm over 90% of the time. At the end 
of the clinical examination, each patient was informed of the clin-
ical findings, given oral hygiene instructions and referred for 
periodontal treatment as needed.

  Statistical Analysis 
 Data were entered and analyzed using the Statistical Package 

for Social Science software (SPSS, Chicago, Ill., USA), version 18. 
Descriptive statistics were generated for all the study variables.  �  2  
test was performed to detect significant associations between cat-
egorical variables, and the Student t test was used for continuous 
variables. Statistical analysis of clinical findings was performed 
to detect differences between diabetic subjects and controls and 
to detect differences between diabetic subjects with different dia-
betes duration and HbA1c%. Binary logistic regression analysis 
was performed in order to examine which factors were significant 
in multivariate analysis after adjusting for confounding between 
effects. The first regression model used the dependent variable 
‘having type 1 diabetes’, and the independent variables entered in 
the model were plaque index, gingival index, bleeding on probing 
and clinical attachment loss. The second regression model used 
the dependent variable ‘periodontitis’ in the diabetic children. 
‘Periodontitis’ was defined as at least 1 site with clinical attach-
ment loss  1 2 mm on at least 2 teeth. Independent variables en-
tered in the model were diabetes duration, age at diagnosis and 
HbA1c%. Statistical significance was set at p  !  0.05.
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  Results 

 The mean age of the participants was 9.04  8  3.31 years 
(range 4–14). The sociodemographic characteristics and 
diabetic history of the study participants are presented in 
 table 1 . No statistical difference was found between dia-
betic patients and controls with regard to gender distribu-
tion, with 53 male diabetics (55.8%) and 32 male controls 
(52.5%; p = 0.526). Regarding diabetes history, age of di-
agnosis ranged from birth to 13 years old; 43 of the dia-
betic children (45.0%) were diagnosed with diabetes at 
 1 6 years. Dental history and oral hygiene practice of the 
study population are presented in  table 2 . A statistical dif-
ference was found between the two groups in terms of the 
last dental visit and brushing frequency (p = 0.001 and 
0.014, respectively). There was also a significant differ-
ence in age at the first dental visit (p  !  0.001), whereby 42 
of the diabetic children (44.2%) had never visited the den-
tist before and only 23 (24%) had visited the dentist at age 
4 or younger, whereas 25 of the controls (41%) had started 
to visit the dentist at age 4 or younger.

  Periodontal clinical characteristics of the study popu-
lation are given in  table 3 . Children with diabetes had sig-
nificantly more dental plaque (p  !  0.001), a higher gingi-
val index and more bleeding on probing than non diabetic 
control children. There was no statistically significant 
difference between the two groups in terms of clinical at-
tachment loss. After performing adjusted analysis for all 
the periodontal parameters, a higher mean gingival index 
was the only parameter significantly associated with chil-
dren diagnosed with type 1 diabetes (odds ratio 4.060, 
confidence interval 1.383–11.918; p = 0.011). The mean 
values of variables describing the clinical periodontal 
condition among diabetic children with different diabe-
tes duration and different HbA1c% are presented in  ta-

ble  4 . Diabetes duration ranged from 1 to 14 years [45
of the diabetic children (47.4%) had had diabetes for
 1 2 years], and 47 children diagnosed with type 1 diabetes 
(50.0%) had an HbA1c reading  1 9%. Patients diagnosed 
with type 1 diabetes with  1 2 years’ duration had signifi-
cantly more mean clinical attachment loss and bleeding 
on probing (p = 0.021 and 0.014, respectively). In addi-
tion, poor glycemic control (HbA1c  1 9%) in diabetic pa-
tients had a significant effect on increasing the mean 
plaque index (p  !  0.001), gingival index (p = 0.024) and 
clinical attachment loss (p = 0.041). The logistic regres-
sion analysis of factors associated with having ‘periodon-
titis’ (at least 1 site with clinical attachment loss  1 2 mm 
on at least 2 teeth) is presented in  table 5 . Longer diabetes 
duration and having been diagnosed with diabetes at an 
older age were the most significant variables associated 
with having periodontitis.

Table 1.  Sociodemographic characteristics and diabetes history

Variable Case subjects
(n = 95)

Control subjects
(n = 61)

p
value

Age, years 9.183.9 8.982.2 0.903
Gender

Male
Female

53 (55.8%)
42 (44.2%)

32 (52.5%)
29 (47.5%)

0.743

Diabetes history, years
Age at diagnosis,

years
Duration, years

6.083.7

2.982.9
9.782.3

Table 2.  Dental history and oral hygiene practice

Variable Case
subjects
n (%)

Control
subjects
n (%)

p
value

Reported age at first dental visit
≤4 years
>4 years
Never visited a dentist before

23 (24.2)
30 (31.6)
42 (44.2)

25 (41.0)
32 (52.5)

4 (6.6)

<0.001

Last dental visit
<6 months
6–12 months
>12 months

25 (26.3)
8 (8.4)

20 (21.1)

29 (47.5)
18 (29.5)
10 (16.4)

<0.001

Brushing frequency
≥2 times/day
Once a day
Occasional/never

25 (26.3)
34 (35.8)
36 (37.9)

24 (39.3)
27 (44.3)
10 (16.4)

0.014

Table 3.  Clinical findings and periodontal characteristics

Variable Case
subjects

Control 
subjects

p
value

Plaque index 1.880.7 1.380.4 <0.001
Gingival index 1.981.1 0.980.5 <0.001
Bleeding on probing 0.480.3 0.180.2 <0.001
Clinical attachment loss, mm 2.680.5 2.480.3 0.260

V alues represent means 8 SD. Plaque index and gingival in-
dex were each scored on a scale of 0–3.
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  Discussion 

 Children with diabetes endure many problems, in-
cluding oral health complications  [7, 18, 19]  as observed 
in this study. Although the mean clinical attachment loss 
was not significantly different between the two groups 
in this study, diabetic children had significantly more 
plaque accumulation and gingival inflammation than 
nondiabetic children ( table 3 ), similar to the study of Lal 
et al.  [19] , which reported that diabetic children had an 
increased risk of gingival bleeding of about 35–57% great-
er than that for controls. It has been shown that patients 
with type 1 diabetes mount an exaggerated gingival in-
flammatory response to a bacterial challenge compared 
to that found in nondiabetics  [20] . In addition, diabetic 
patients may have more Gram-negative bacteria than 
controls  [21] . Generally, our results confirmed that dia-
betes is a risk factor for periodontal inflammation in chil-
dren as previously reported  [3, 4, 7, 18] .

  When studying young individuals, it is essential to 
evaluate periodontal changes at the gingival level and the 

connective tissue level. Our data showed that patients 
with type 1 diabetes with longer diabetes duration ( 1 2 
years) had significantly higher mean clinical attachment 
loss and more bleeding on probing compared to diabetic 
patients with shorter diabetes duration ( table 4 ). After ad-
justment for other predictors in the regression model, the 
estimated odds that diabetic patients with longer diabetes 
duration had periodontitis were 2.230 times the odds for 
diabetic patients with shorter duration. These findings 
suggest that in young patients with type 1 diabetes, the 
longer disease duration could influence the initiation of 
gingival inflammation and its progression to periodonti-
tis. This suggestion agrees with that made by Dakovic 
and Pavlovic  [9]  in Serbia, that there is a significant as-
sociation between clinical attachment loss and diabetes 
duration. On the other hand, other investigators  [18, 22]  
could not confirm this association using several defini-
tions for periodontitis. Some investigators  [22]  found that 
individuals with diabetes and poor metabolic control are 
at higher risk for more severe periodontitis, whereas oth-
er investigators  [23]  could not confirm this association. 
In our study, patients with type 1 diabetes with better 
glycemic control (HbA1c  ̂  9%), a significantly lower 
mean gingival index and plaque index and less clinical 
attachment loss compared to diabetic patients with poor 
glycemic control (HbA1c  1 9%). However, in the regres-
sion analysis we could not confirm a significant correla-
tion between HbA1c and periodontitis. There are several 
possible reasons for not observing a strong association 
between periodontal attachment loss and glycemic con-
trol in this sample. One of the reasons is the limitation of 
using a single HbA1c measurement. It might be possible 
to suggest that the poor glycemic control over the last 
3 months was more closely correlated with gingival in-
flammation than connective tissue attachment loss in 
this sample. Measures of glycemic control and periodon-

Table 4.  Periodontal findings for diabetic subjects according to diabetes history

Variables Diabetes duration p
value

H bA1c p
value≤2 years

(n = 50)
>2 years
(n = 45)

≤9 %
(n = 48)

>9%
(n = 47)

Plaque index 1.780.8 1.980.7 0.089 1.580.5 2.080.8 <0.001
Gingival index 1.681.03 2.0681.1 0.070 1.680.9 2.281.2 0.024
Clinical attachment loss, mm 2.480.5 2.780.5 0.021 2.380.5 2.780.5 0.041
Bleeding on probing 0.280.3 0.480.3 0.014 0.380.2 0.480.3 0.246

Pla que index and gingival index were each scored on a scale of 0–3.

Table 5.  Logistic regression analysis of factors associated with 
having periodontitis in diabetic children

Factor B OR p
value

Diabetes duration 0.80 (0.27) 2.23 (1.30–3.80) 0.003
Age at diagnosis of DM 0.60 (0.26) 1.83 (1.09–3.09) 0.022
HbA1c –0.06 (0.14) 0.93 (0.70–1.24) 0.648

P eriodontitis was defined as at least 1 site with clinical attach-
ment loss >2 mm on at least 2 teeth. Figures in parentheses repre-
sent standard errors or 95% confidence intervals, as appropriate. 
OR = Adjusted odds ratio; B = coefficient; DM = diabetes mellitus.
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tal disease represent different time periods in an indi-
vidual’s life; HbA1c represents the glycemic status in the 
previous 3 months, while periodontal disease measures 
the cumulative impact of periodontal destruction over an 
individual’s lifetime. Therefore, it might be more useful 
to use the HbA1c measurements over the previous 12–
24 months and correlate the average with periodontal at-
tachment loss. Lalla et al.  [22]  did not find an association 
between clinical attachment loss and HbA1c in a sample 
of children with type 1 and type 2 diabetes. However, 
when they used a definition of periodontal disease that 
included gingival bleeding in addition to clinical attach-
ment loss, periodontal disease was associated with HbA1c.

   A previous study had shown an association between 
severe periodontal disease and both type 1 and type 2 
diabetes mellitus  [5] . Diabetes may influence the peri-
odontium in several ways, including alteration of connec-
tive tissue metabolism, alteration of the host immune re-
sponse and function of immune cells and the upregula-
tion of monocytes, which might lead to uncontrolled 
release of inflammatory mediators  [6] . Current evidence 
regarding the biological link between diabetes and peri-
odontal disease supports persisting hyperglycemia lead-
ing to an exaggerated immunoinflammatory response 
to the periodontal pathogenic bacterial challenge  [24] . 
Therefore, gingival bleeding at a young age may have 
some prognostic value for future risk of periodontal dis-
ease over a period of time in diabetic children. In our 
study, the estimated odds that diabetic patients diag-
nosed at an older age had periodontitis were 1.838 times 
the odds for diabetic patients diagnosed at a younger age. 
This finding is probably due to the overwhelming con-
founding effect of puberty  [3] . Gingivitis is usually more 
prevalent and severe in adolescence  [25] . In addition, pu-
berty adversely impacts insulin action and HbA1c con-
trol  [26] . In comparison with studies in diabetic children 
from the USA  [7, 18]  and Europe  [9, 27] , diabetic children 
in Kuwait had higher values for the plaque index and gin-

gival index. Interestingly, in our study only 24% of the 
diabetic children had their first dental visit before the age 
of 4 years, and a large number of them (44%) had never 
visited the dentist before. Apparently, the current health 
service in Kuwait provides free access to dental care to all 
Kuwaiti nationals, and parents should be encouraged to 
use these services. However, Kuwaiti diabetic children 
and their parents may have a negative attitude towards 
dental health and limited knowledge of the potential im-
pact of diabetes on oral and periodontal health. Al-Sham-
mari et al.  [28]  showed that one of the strongest factors 
for not attending regular preventive dental visits was the 
belief that dental visits were only necessary if there was 
pain. Other recent studies in Kuwait  [29, 30]  have also 
indicated that knowledge about the effects of diabetes on 
periodontal health among medical and dental practitio-
ners is generally low. Therefore, the attitude towards the 
importance of dental health and its integration within the 
general health care system should be emphasized, espe-
cially given that chronic health problems such as diabetes 
are highly prevalent among adults and children in Kuwait 
 [12] .

  Conclusion 

 The findings of this study showed that children with 
diabetes mellitus type 1 exhibited significantly more gin-
gival inflammation than healthy children. Diabetes du-
ration appeared to have played a significant role in the 
development of periodontitis.
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