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Severity of periodontal disease in adult patients with diabetes mellitus
in relation to the type of diabetes

Alma Pranckeviciene?, Jolanta Siudikiene?, Rytas Ostrauskas®, Vita Machiulskiene?

Background. The purpose of this study was to evaluate associations between diabetes mellitus - related factors and
periodontal parameters among adult patients with diabetes mellitus, with respect to type of diabetes.

Methods. Study participants were 179 randomly selected 18-62-year-aged patients with type 1 diabetes mellitus and
87 randomly selected 32-70-year-aged patients with type 2 diabetes. Metabolic control of diabetes was determined
by the values of glycosylated haemoglobin (HbA1c). The periodontal status of all patients was evaluated by simplify-
ing oral debris index (DI-S), probing pocket depth (PPD), gingival recession (GR), clinical attachment level (CAL), and
bleeding on probing (BOP). Data analysis was performed with respect to patients’ age, diabetes duration, metabolic
control level, and diabetes type. Binary regression was used to test relationship of various parameters with CAL.
Results. All periodontal estimates were significantly higher among patients with type 2 diabetes. The periodontal
disease was more severe in >45-year-aged participants and with DI-S>1. In patients with type 1 diabetes, the disease
duration >12 years was negatively related to most periodontal parameters. No significant correlation between the
periodontal estimates and HbA1c was observed in either group. The significant predictors of severe periodontal disease
were type 2 diabetes mellitus (OR = 2.356), duration of disease (OR = 1.827), high BOP (OR = 3.343) and DI-S (OR = 2.958).
Conclusions. Severity of periodontal disease is related to diabetes type, being more pronounced in patients with type
2 diabetes patients than in patients with type 1 diabetes. Dental plague seems to be the major contributing factor for
all patients with progressive periodontitis.
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INTRODUCTION physiopathology: type 1 DM (T1DM), an autoimmune
disorder that leads to destruction of pancreatic f cells

Periodontitis and diabetes mellitus (DM) are preva- and thus total loss of insulin secretion; and type 2 DM
lent chronic diseases that influence patients® health and  (T2DM) that is linked to insulin resistance’. Chronic hy-
quality of life. Periodontitis is defined as a chronic bacte-  perglycaemia leads to long-term micro and macro vascular
rial inflammatory process with the symptoms of gingival  complications such as retinopathy, nephropathy, neurop-
bleeding, clinical attachment loss, formation of periodon-  athy and cardiovascular diseases, resulting in increased
tal pockets and gingival recessions leading to destruction  morbidity and premature mortality®. A large number of
of alveolar bone!. Although mild forms such as gingivitis  epidemiological studies have demonstrated that periodon-
or initial loss of periodontal attachment are very common titis is more prevalent and severe in patients with DM
in all age cohorts, advanced stages of periodontitis usually ~ when compared to persons without DM (ref.”). Moreover,
affect a relatively small proportion of the population2. It DM has been suggested as a significant risk factor for
seems that there is no direct correlation between chronic  periodontal disease®. The mechanism of DM effect on
gingival inflammation and further progression of peri- the course of periodontal pathology is still not clear, but
odontal breakdown, and lack of evidence on prognostic in-  the severity of both diseases (DM and periodontitis) was
dicators of severe periodontal disease in those people who  shown to be dependent on various risk factors such as
develop rapidly progressing periodontal symptoms (2).  duration and metabolic control of DM as well as the pa-
DM is a metabolic disorder characterized by hypergly- tient’s age, social behaviour, oral hygiene level and certain
caemia, leading to impaired metabolism of glucose, lipids  aggravating factors (e.g., smoking) (ref.®’). The majority
and proteins®. In 2011 DM affected 6% of the European  of research has focused on the relationship between peri-
population from 20 to 79 years, meaning 52.6 million  odontitis and DM of one particular type (either TIDM
people with DM*. According to the International Diabetes  or T2DM) while the possible differences in the course of
Federation this number may rise to 7.1%, or 64 million periodontal disease with respect to the different physio-
by 2030 (ref.*). Two types of DM differ with respect to  pathology of DM have not been studied. The aim of the
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study was to evaluate associations between DM - related
factors and periodontal parameters among adult patients
with DM, with respect to type of diabetes.

MATERIALS AND METHODS

Study population

The study participants were adult patients with dia-
betes mellitus, within the age range of 18 -70 years, and
residing in the second largest city of Lithuania, Kaunas.
All study participants were diagnosed with diabetes mel-
litus for at least, one year. Edentulous patients, pregnant
and lactating women were excluded from the study.

Depending on the type of DM (T1DM and T2DM),
two study groups were formed. The study sample calcu-
lation for patients with TIDM was based on the 60%
prevalence of periodontitis in DM patients estimated in
previous studies, with the margin of error 5% and con-
fidence level 95% (ref.’). Only 87 patients with T2DM
agreed to participate in the study. However, when the
outcome parameters as clinical attachment level and
periodontal pocket depth were evaluated and compared
between the two study groups, with the 95% confidence
interval and margin of error 5%, the study power was
equal to 1.0, thus considered sufficient. The personal
information such as date of birth, diagnosis of DM, the
duration as well as deleterious habits, were retriever either
from the Register database or from the medical records.

Ethical considerations

The informed consent of all subjects was obtained,
and the study protocol was approved by the Ethical
Committee of Biomedical Studies of Kaunas region,
Lithuania (protocol Nr BE-2-14).

Clinical examinations

The level of metabolic control of DM of the study par-
ticipants was determined by measuring the glycosylated
haemoglobin (HbAlc) (ref.’). The blood samples were
collected by finger stick and analysed using a immuno-
chemical technique with the analyser DCA-2000, Bayer
Diagnostics, Germany.

Periodontal examinations of all participants were per-
formed under standardized conditions (a regular dental
chair equipped with a light source and air spray), by the
same examiner periodontologist (AP).

The following periodontal parameters were recorded
using a dental mirror and a ball-pointed calibrated peri-
odontal probe “Hu-Friedy” measured every millimeter:
1. The presence of dental plaque was determined using
the simplified oral debris index (DI-S), as described
by Greene and Vermillion'®. The individual DI-S was
calculated by adding the scores for six different tooth
surfaces and dividing by the number of teeth exam-
ined. The nominal scale for evaluation of DI-S was:
excellent - 0; good - 0.1-0.6; fair - 0.7-1.8; poor - 1.9-3.0.
Probing pocket depth (PPD). PPD was measured on
every tooth (excluding the remaining roots), on six
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points (3 buccal and 3 lingual or palatal) from the
gingival margin to the base of the pocket or crevice.
Gingival recession (GR) was measured from the ce-
ment-enamel junction to the margin of the gingiva (on
the six points of every tooth).

Clinical attachment level (CAL). CAL was calculated
as a mathematical sum of PPD and GR.

Bleeding on probing (BOP) was estimated as a dot
of blood at the base of the pocket or crevice after 30
seconds of gentle probing with the periodontal probe
and calculated as a percentage of all bleeding sites.

A calibration session was performed prior to the study
for the clinical examiner (AP), by examining 30 subjects
twice, with an interval of 72 h. Cohen‘s kappa for pres-
ence/absence of plaque, gingival bleeding, probing depth,
clinical attachment loss and gingival recession was calcu-
lated. The resulting kappa values ranged between 0.87 and
0.93 showing a good intra-examiner agreement.

Statistical analysis

The data were analysed by means of Statistical
Package for Social Sciences program (SPSS 19.0, Chicago
III, USA). For the analysis, the patients were grouped
by age as follows: <45 years and >45 years, and duration
of DM was split into groups <12 years, and >12 years,
HbA 1c values were dichotomized to <7% (good/fair meta-
bolic control) and >7% (poor metabolic control). For es-
timation of the periodontal parameters, DI-S values were
defined as <1 and >1 (>1 indicating poor oral hygiene),
the GR values >1 mm were assumed to indicate presence
of gingival recession; the CAL values above 5 mm were
assumed to indicate severe periodontal destruction. The
threshold for PPD values was defined at 5 mm, assuming
that the values greater than Smm indicated severe peri-
odontal destruction, and the threshold for BOP values was
defined as 50% assuming that the values greater than 50%
indicated severe gingivitis.

The mean values and standard deviations of the clini-
cal parameters were calculated. The statistical significance
of difference in proportion was tested by the Chi-square
test. Continuous data were tested for normality with the
Kolmogorov-Smirnov test. Statistical testing between
the groups was performed using Student’s 7 test. For the
data that were not normally distributed, Mann-Whitney
U test was applied. Binary regression analysis was used
to test relationship of various parameters with CAL. The
probability of >20 sites with CAL greater than Smm was
calculated using logistic regression analysis, including
odds ratio (OR) and confidence interval (95% CI). For
complex evaluation of probability, the multivariate logistic
regression model was used. Two-sided p-values less than
0.05 were considered as statistically significant.
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RESULTS

Patients with T2DM were significantly older than pa-
tients with TIDM.

The mean duration of the DM was significantly
lonéger and the mean HbA I¢ values were higher in TIDM
group, as compared to the T2DM group. Smoking was
significantly more frequent among patients with TIDM
than among patients with T2DM (Table 1).

As shown in Table 2, the mean and relative values
of all the estimated periodontal parameters were signifi-
cantly higher in T2DM group-indicating more severe peri-
odontal pathology among patients with T2DM.

Tables 3 and 4 demonstrate that the estimated peri-
odontal parameters were related to the patients‘ age and
oral hygiene level in both TIDM and T2DM groups, for
those older than 45 years and with DI-S >1 the periodon-
tal disease was more severe. In TIDM group, the DM
duration > 12 years had a negative impact on most of
the estimated periodontal parameters as well. No signifi-
cant correlation between the periodontal estimates and
the HbA1c levels was observed in both groups of DM
subjects.

Moreover, the T2DM smokers had significantly lower
mean BOP and CAL values than non-smokers.

As shown in Table 5, the significant predictors of se-
vere periodontal disease were the type of DM, duration
of DM as well as bleeding on probing and oral hygiene
level expressed by DI-S index.

Thus, for a T2DM patient, the risk of having severe
periodontitis was two times higher than for TIDM.

Long duration of DM had almost a twofold risk, while
the periodontal parameters DI-S >1 and extensive BOP
(>50%) had a twofold risk to develop severe periodontal

disease. However, the increased HbAlc above 7% did not
seem to influence the course of periodontitis.

DISCUSSION

The interrelationship of DM and periodontal disease
is complex and, despite being extensively investigated, dif-
ficult to explain conclusively. As pointed out by Mealey
and Oates, 2006, evaluation of the accumulated research
should be done with caution as considerable diversity of
populations, varying definitions of the parameters under
investigation; small numbers of study subjects may play
a role in interpretation of the results’. The mechanisms
by which DM influences the periodontium are stated to
be similar to the pathogenesis of the micro- and macro
vascular complications of DM such as cardiopathy, ne-
phropathy, and retinopathy®. DM negatively affects neu-
trophil adherence, chemotaxis, and phagocytosis which
facilitates bacterial persistence and increases periodontal
destruction''. On the other hand, monocytes and macro-
phages become hyper-responsive and produce increased
amounts of pro-inflammatory cytokines and mediators
which appear also in gingival crevice'?2. Formation of
advanced glycosylation end-products are a critical link in
many complications of DM, and their deleterious effects
also appear in periodontal tissues'.

We examined patients with both types of DM, and
analysed possible associations of the periodontal pa-
rameters with the type of DM. The results have shown
the periodontal disease to be significantly more severe
in patients with T2DM with respect to all periodontal
parameters estimated (DI-S, BOP, PPD, CAL, GR and
tooth loss). These findings are in agreement with the data

Table 1. Description of the study groups according to the parameters of diabetes mellitus and smoking habit.

T1DM group T2DM group P
Age, years MeantSD 38.4£11.3 55.1+6.2 <0.001
Duration of diabetes (years) Mean+SD 16.4+10.9 9.4%6.2 <0.001
HbAlc level , % Mean+SD 8.3t 1.6 7.2+1.2 <0.001
Smoking n (%) 58 (32.4) 11 (12.6) <0.001

T1DM - type 1 diabetes mellitus; T2DM - type 2 diabetes mellitus; SD - standard deviation.

Table 2. Description of periodontal parameters in the study groups.

T1DM group T2DM group P
DI-S Mean+SD 1.1+0.6 1.2 £(0.7)* <0.05
BOP % Mean+SD 46.7+29.3 54.5+¢29.3 <0.05
PPD >5 mm n (%) 127 (70.9) 77 (88.5) <0.001
CAL>5 mm n (%) 137 (76.5) 83(95.4) <0.001
GR n (%) 134 (74.9) 79 (90.8) <0.001
No of missing teeth Mean+SD 7.5+6.4 11.9+5.9 <0.001

T1DM - type 1 diabetes mellitus; T2DM - type 2 diabetes mellitus; DI-S -Debris index; BOP - Bleeding on probing; PPD - Probing pocket depth;

CAL - Clinical attachment level; GR - Gingival recession.
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supported by the meta-analysis of earlier studies'*. The
first explanation at hand for these findings could be age
of patients as T2DM patients were significantly older than
the T1DM subjects. However, the patients with TIDM
were observed to have longer duration of DM, and higher
mean values of HbAlc which contradicts the commonly
reported message about these factors increasing risk for
periodontal disease.

Age of the patients did appear a significant parameter
in our study, when both groups of patients (T1DM and
T2DM) had been examined. Those above 45 years of age
had generally lower values of the periodontal parameters,

irrespective of what type of DM they had been diagnosed
with. When age was entered into the binary logistic regres-
sion model, it appeared to be a significant risk factor for
development of severe periodontal disease.

Previous studies of patients with DM have demon-
strated a negative correlation of the periodontal state
with age. They estimated greater bone loss in patients
above the age of 55 years and found the older age to be
significantly associated with severity of periodontal dis-
ease™!. Some studies indicated that patient’s aging may
have more impact on the development of periodontitis
than the state of DM (ref.’®). In contrast, Abdellatif and

Table 3. Relation of the periodontal parameters with type 1 diabetes mellitus patients‘ age, duration of diabetes, metabolic
control, smoking and oral hygiene.

PPD>5 mm CAL>5 mm BOP GR Tooth loss
n (%) n (%) Mean+SD n (%) Mean+SD

Patient’s age
>45 years 47 (87.0) 50(92.6) 58.9+£30.9 51(94.4) 12.1£7.8
<45 years 80 (64.0)** 87 (69.6)** 41.4£26.9%* 83 (66.4)** 5.6%4.6%*
Duration of diabetes
>12 years 81 (78.6) 85 (82.5) 47.4+30.2 82 (79.6) 8.7 (6.6)
<12 years 46 (60.5)** 52 (68.4)* 45.7+28.1 52 (68.4) 5.9+5.9%*
HbAIc level
>7% 11 (67.6) 114 (78.6) 47.5428.7 111 (76.6) 7.5¢5.9
<7% 104 (71.7) 23 (67.6) 43.4+31.7 23 (67.6) 7.8+ 8.2
Smoking
Yes 39 (67.2) 43 (74.1) 47.4+30.1 50 (72.5) .6£6.9
No 88 (72.7) 94 (71.7) 46.3+28.9 163 (82.7) 7.5+6.3
DI-S
>1 70 (87.5) 74 (92.5) 62.3£27.7 14 (82.5) 9.5+6.9
<1 57 (57.6)** 63 (63.6)** 34.1£23.9%* 68 (68.7)* 5.9+6.9*

Statistically significant difference between the groups, with respect to age, DM duration, HbA 1c level, smoking habit and DI-S, * P<0.05;
** P<0.001. DI-S -Debris index; BOP - Bleeding on probing; PPD - Probing pocket depth; CAL - Clinical attachment level; GR - Gingival recession.

Table 4. Relation of the periodontal parameters with type 2 diabetes mellitus patients‘ age, duration of diabetes, metabolic
control, smoking and oral hygiene.

PPD>5 mm CAL>5 mm BOP GR Tooth loss
n (%) n (%) Mean+SD n (%) Mean+SD

Patient’s age
>45 years 70 (89.7) 76 (97.4) 56.8£29.0 73 (93.6) 12.2+5.9
<45 years 7(77.8) 7 (77.8%)** 34.0+24.5* 6 (66.7)** 9.4+4.2
Duration of diabetes
>12 years 18 (90.0) 19 (95.0) 56.4£29.5 19 (95.0) 11.6+5.5
<12 years 59 (88.1) 64 (95.5) 53.9£29.4 60 (89.6) 11.9+6.0
HbAIc level
>7% 33(86.8) 36 (94.7) 58.3+£30.5 34 (89.5) 12.6+5.5
<7% 44 (89.8) 47 (95.9) 51.5+28.3 45 (91.8) 11.3+6.1
Smoking
Yes 8 (72.7) 8 (72.1) 29.9+£20.8 10 (90.9) 10.8+3.4
No 69 (90.8) 75 (98.7)** 58.0+8.7%* 69 (90.8) 12.1£6.1
DIS
>1 46 (95.8) 48 (100) 69.0+£24.9 43 (89.6) 12.8+5.9
<1 31 (79.5)* 35 (89.7)* 36.6+£23.9*%* 36 (92.3) 10.8+5.7

Statistically significant difference between the groups, with respect to age, DM duration, HbAlc level, smoking habit and DI-S, * P<0.05;
** P<0.001. DI-S -Debris index; BOP - Bleeding on probing; PPD - Probing pocket depth; CAL - Clinical attachment level; GR - Gingival recession.
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Burt, 1987, concluded that age was much less of a factor
determining periodontal disease when oral hygiene status
had been considered”. Some authors suggest another po-
tential explanation for the increased severity of periodon-
tal disease among patients with T2DM: this could be a
low-grade chronic inflammatory state caused by obesity
common among patients with T2DM (ref.?¢). It has been
reported that subjects with hyperlipidaemia suffer signifi-
cantly more severe periodontitis; moreover, periodontal
destruction positively correlates to plasma lipid levels®.
Adipocytes have a metabolic activity and produce proin-
flammatory cytokines such as TNF-a and IL-6 (ref.?!).
Effective management of hyperglycaemia allows amelio-
rating the serum lipid disbalance for TIDM subjects, but
for T2DM patient’s hyperlipidaemia still persists despite
glycemic control®’.

Considering the importance of the duration of DM
for the development of periodontal pathology in DM
subjects, findings of various studies are controversial.
Some studies indicate that the time since diagnosis of
DM was the most significant factor associated with peri-
odontal parameters such as PPD, GR and CAL (ref.”).
These data receive support from some researchers?, while
others observed no significant relationship between du-
ration of DM and the periodontal state?*. In one study
tooth loss was reported to be associated with extensive
periodontal disease as well as with prolonged duration
of DM (ref.'). In the present study, the duration of DM
appeared to be a predictive factor for the development
of severe periodontitis. However, the significance of this
prediction was marginal, even though it had a significant
correlation with high PPD, CAL values and with a mean
number of lost teeth in patients with TIDM (Table 3). On
the other hand, among patients with T2DM the impact of
duration of DM on the periodontal parameters was not
significant, perhaps due to the fact that the mean duration
of disease was significantly shorter than among patients
with T1DM, and less than 10 years.

Metabolic control as determined by the HbA lc value
was found to have no significant influence on the peri-
odontal state either among T1DM or among patients with
T2DM in our study. However, in TIDM patients HbAlc
values >7% tended to have increased CAL and BOP val-
ues, while in the T2DM group the same HbA 1c values
were linked to the increased BOP and tooth loss.

The degree of glycemic control is claimed to be an
important variable in the relationship between DM and

periodontal diseases, with more severe conditions being
seen in those patients with poor control?*¢. Howeyver, this
is not a general rule. The data from several studies contra-
dict this statement?"?, According to other study one, peo-
ple with an increased mean PPD had significantly higher
HbA 1c values. However, no correlation of HbA lc levels
with mean CAL, GR or BOP values was estimated®. In
another study, HbA I ¢ values were significantly associated
with CAL, but not with other periodontal parameters?.

The weakness of the present study is that we obtained
the HbA 1c values only for the past 3 months. According
to studies in which the impact of metabolic control was
proven, high blood glucose sustained over time gives rise
to chronic inflammatory mediator secretion and there-
fore to increased periodontal response. Moreover, there
is individual patient variability in the degree to which
glycemic control influences periodontal state, therefore,
patients with well-controlled DM can have periodontal
diseases just as those with poorly controlled DM can have
a healthy periodontium?.

Researchers find smoking to be a risk factor for peri-
odontal disease; smokers suffer more severe periodontitis
and show more resistance to periodontal therapy?.

In our study, the effect of smoking on periodontal
destruction did not reach statistical significance in the
T1DM group; however, in T2DM group smokers had a
significantly lower mean BOP and percentage of CAL >5
mm. Lower levels of gingival bleeding could be explained
by the vasoconstrictive effect of nicotine®2. On the other
hand, there were only 11 smokers (12.6%) among patients
with T2DM in the present study and, therefore, a small
number of the subjects may produce ambiguous results.

The role of microbial plaque in the aetiology of peri-
odontal disease is undisputed. An overhelming evidence
about the close relationship between dental plaque and
gingivitis has been accumulated since 1965 when the
first report was published*’. However, a much less pro-
nounced relationship between dental plaque and severe
periodontitis has been demonstrated. Moreover, it has
been stated that dental plaque by itself is a poor predictor
of subsequent periodontitis disease activity, with many
additional risk factors playing role in the pathogenesis**.
In the present study, high values of the simplified oral
debris index (DI-S) have been estimated to have the
greatest risk to develop severe periodontal disease. The
increased DI-S values were associated with all periodontal
parameters measured in patients with T1DM as well as in

Table 5. Logistic regression models for predictors of severe periodontal disease
(>20 sites with clinical attachment (CAL) level >5 mm).

Covariate Odds ratio 95% CI P
T2DM 2.356 1.208-4.594 0.01
BOP (>50 %) 3.343 1.832-6.100 <0.001
HbAlc (> 7 %) 0.658 0.363-1.190 0.166
Duration of the disease (>12 yrs) 1.827 1.009-3.310 0.047
DI-S (>1) 2.958 1.625-5.382 0.001

Constant=1.587; p<0.001

T2DM - type 2 diabetes mellitus; BOP - Bleeding on probing; DI-S -Debris index.
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patients with T2DM, except for the formation of gingival
recessions in the latter group. Bleeding on probing for
all patients with DM examined, was a significant predic-
tor of severe periodontal destruction as well. However,
bleeding on probing first of all, reflects gingival inflam-
mation which is a common response reaction to microbial
plaque accumulation®®. Therefore, even considering the
multifactorial nature of periodontal disease and possibly
systemic mechanisms of DM involvement in pathogen-
esis of periodontitis, the major role of oral hygiene seems
to be the key factor in progression of severe periodontal
destruction. As pointed out by Mealey, 2006, systemic
conditions play more modifying rather than a primary
causative role®,

CONCLUSIONS

The results demonstrate that severity of periodontal
disease is more pronounced in patients with type 2 dia-
betes mellitus. However, along with potential systemic
or time-related factors such as patient age and disease
duration, the dental plaque level seems to be the major
contributing factor for all patients with progressing peri-
odontal disease.
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