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Abstract
Background  Diabetes Mellitus and periodontitis are chronic diseases with known reciprocal association. Studies 
have shown that uncontrolled diabetes increases the risk of development and progression of periodontal disease. This 
study aimed to explore the association and severity of periodontal clinical parameters and oral hygiene with HbA1c 
levels in non-diabetics and T2DM patients.

Materials and methods  In this cross-sectional study, the periodontal status of 144 participants, categorized into 
non-diabetics, controlled T2DM, and uncontrolled T2DM and were assessed via the Community Periodontal Index 
(CPI), Loss of Attachment Index (LOA index), and the number of missing teeth, while oral hygiene was measured by 
utilizing the Oral Hygiene Index Simplified (OHI-S). SPSS was used for data analysis. Chi-square test was used to find 
out the association of different independent variables with HbA1c groups, while ANOVA and post-hoc tests were run 
for inter-group and intra-group comparison respectively.

Results  Out of 144 participants, the missing dentition was prevalent in uncontrolled T2DM with mean 2.64 ± 1.97 
(95% CI 2.07–3.21; p = 0.01) followed by controlled T2DM 1.70 ± 1.79 (95% CI 1.18–2.23; p = 0.01) and non-diabetics 
1.35 ± 1.63 (95% CI 0.88–1.82; p = 0.01) respectively. Furthermore, non-diabetics had a higher proportion of CPI score 
0 (Healthy) [30 (20.8%); p = 0.001] as compared to uncontrolled T2DM [6 (4.2%); p = 0.001], while CPI score 3 was 
more prevalent in uncontrolled T2DM in comparison to non-diabetics. Loss of attachment (codes-2,3 and 4) was also 
frequently observed in uncontrolled T2DM compared to non-diabetics (p = 0.001). Similarly, based on Oral Hygiene 
Index- Simplified (OHI-S), the result showed that poor oral hygiene was most commonly observed in uncontrolled 
T2DM 29 (20.1%) followed by controlled T2DM patients 22 (15.3%) and non-diabetic [14 (9.7%); p = 0.03].

Conclusion  This study showed that periodontal status and oral hygiene status were deteriorated in uncontrolled 
T2DM patients compared to non-diabetic participants and controlled T2DM.
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Introduction
Diseases of the periodontium (i.e., gingivitis and peri-
odontitis) are multifactorial bacterial diseases of the 
soft and hard tissues encompassing and supporting the 
teeth. It is initiated via the aggregation of a pathogenic 
dental plaque on the tooth surface, and inside which 
microbial dysbiosis prompts a constant non-resolving 
damaging provocative reaction [1]. The global preva-
lence of periodontitis ranges from 15 − 47% and in its 
most severe form affects 10.8% of the population [2]. It 
has been ranked seventh and 32nd worldwide for preva-
lence and incidence respectively [3]. Chronic periodontal 
disease not only affects the oral health but also systemic 
health [4]. Studies by Isola et al. found that periodonti-
tis patients showed a higher risk of developing endothe-
lial dysfunction and cardiovascular disease [5, 6]. The 
development and progression of periodontal diseases are 
directly linked to oral hygiene, and maintaining good oral 
hygiene reduces the risk of periodontitis [7, 8]. Fair and 
poor oral hygiene maximize the risk of periodontitis by 
two to five times respectively [9].

Diabetes mellitus (DM) portrayed by hyperglycemia, 
is a metabolic disorder caused by insufficient insulin 
production, insufficient insulin activity, or both. Diabe-
tes Type-1 is characterized by an autoimmune attack on 
the pancreatic insulin-producing β cells, which leads to 
insufficient insulin synthesis. Type-2 diabetes mellitus is 
brought about by a blend of insulin opposition and insu-
lin emission disability. Diabetes is currently thought to 
affect over 10% of people worldwide. According to esti-
mates, 462  million people worldwide or 6.28% of the 
world’s population have T2DM [10, 11].

The relationship between diabetes and periodontitis 
is symbiotic because persistent hyperglycemia has been 
shown to negatively influence oral health, and severe 
periodontitis can have a negative impact on both glyce-
mic control and diabetic complications [12]. Advanced 
glycation end-products are produced by type 2 diabetes 
and impaired insulin sensitivity, which leads to the gener-
ation of inflammatory cytokines and predisposes individ-
uals to inflammatory conditions like periodontitis [13]. 
Diabetic individuals with periodontitis exhibited higher 
amounts of inflammatory mediators in their saliva and 
their crevicular fluid than non-diabetics with periodonti-
tis, including numerous kinds of cytokines [14]. There is a 
proportionate association between HbA1c and periodon-
titis [15, 16]. On the other hand, periodontitis adds to the 
overall inflammatory load in the body by the transfer of 
bacteria and their products, cytokines, and inflammatory 
mediators via breached pocket epithelium and higher 
GCF miRNAs expression, exacerbating the development 
of complications in diabetic patients [5, 14, 17].

Given the well-established link between periodontitis 
and type 2 diabetes mellitus, this cross-sectional study 

aims to evaluate and compare the periodontal and oral 
hygiene status of individuals having different levels/cat-
egories of HbA1c. Unlike previous studies, this research 
simultaneously investigates periodontitis, oral hygiene, 
and diabetes in three subgroups: non-diabetics, con-
trolled, and uncontrolled type 2 diabetes patients. By 
investigating this triad, this study provides a compre-
hensive understanding of the relationship between oral 
health and diabetes, which has a significant impact on 
overall well-being. Moreover, it aims to provide valuable 
insights into the extent of periodontal disease and oral 
hygiene status in a population specific to low and mid-
dle-income countries. The results of this study may have 
important implications for the prevention and manage-
ment of periodontitis and type 2 diabetes, particularly in 
resource-limited settings.

Materials and methods
Study participants
This cross-sectional study was conducted on patients vis-
iting the outpatient department of Qazi Hussain Ahmed 
Medical Complex (Medical Teaching Institute/MTI), 
Khyber Pakhtunkhwa - Pakistan from March 2021 to June 
2021, after ethical approval from Khyber Medical Uni-
versity (DIR/KMU-EB/EC/00080/DR). Using the WHO 
sample size calculator, considering the frequency of poor 
oral hygiene status among diabetics P1(22% compared 
to poor oral hygiene among non-diabetics P2 (37%), tak-
ing 80% power of the test and 5% margin of error, a total 
of 144 patients were recruited [18]. Based on the HbA1c 
levels, all of the participants were divided into three equal 
groups. Group A: Non-diabetic (HbA1c ≤ 5.7%) Group B: 
Controlled T2DM (HbA1c 6.0–6.9%) roup C: Uncon-
trolled T2DM (HbA1c ≥ 7%) [19]. The enrolment crite-
ria were (i) Dentate patients with age 20–60 years. (ii) 
Subjects diagnosed with T2DM for more than one year 
(groups B and C). The exclusion criteria were (i) Patients 
having any other systemic disease/s other than diabetes 
mellitus. (ii) individuals who have undergone periodon-
tal therapy in the past three months (iii) Patients who 
have taken antibiotics for the past month. (iv) Patients 
having 3rd molar impaction, endodontic problems, or 
limited mouth opening. (v) Female participants that are 
expecting/lactating.

Interview questionnaire
Each participant gave written informed consent, after 
being informed about the pertinent interview and oral 
examination required for carrying out the study. An 
organized form was used to obtain the necessary infor-
mation like age, gender, education level, occupation, 
frequency of tooth cleaning and tool used for cleaning, 
last dental visit, the reason for a dental visit, frequency 
and type of tobacco consumed, duration of diabetes, 
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and complications of diabetes, number of missing teeth. 
The HbA1c level for each T2DM patient was obtained 
from his/her medical record. Similarly, the HbA1c 
level for non-diabetics was determined before the oral 
examination.

Oral examination
All the subjects underwent oral examination to evalu-
ate their periodontal status (i.e., bleeding upon probing, 
depth of the pocket, and loss of attachment), and oral 
hygiene status (dental plaque and calculus). The exami-
nation for each participant was done via mouth mirror, 
CPITN-C probe, and No. 5 explorer (Shepherd’s Crook). 
The periodontal assessment was done using the Commu-
nity Periodontal Index (CPI index) (with scoring criteria 
as code-0, code-1, code-2, code-3, code-4, or code-x) 
and the Loss of Attachment Index. Oral hygiene for each 
patient was assessed according to Oral Hygiene Index-
Simplified and categorized into Good oral hygiene, Fair, 
and Poor oral hygiene. Indexed teeth: 17/16, 11, 26/27 
(buccal surfaces) and 47/46, 31, 36/37 (lingual surfaces) 
were examined during the oral examination. Oral exami-
nation was carried out by a single and trained periodon-
tist (AR) to prevent differences in measurements.

Data analysis
All the relevant data were collected and recorded on a 
preformed structured questionnaire. Statistical analysis 
was done via SPSS version 25. The Chi-square test/Fsher 
exact test was used to compare non-diabetics, controlled 
T2DM, and uncontrolled T2DM with other explanatory 
variables like sociodemographic traits, diabetes-associ-
ated factors, oral hygiene status, and periodontal status, 
while one-way ANOVA was carried out to determine any 
statistical significance among the three groups in relation 
to other continuous variables. For those with significant 
P value, Post Hoc (Tukey HSD) Test was run to explore 
the mean differences between the pair of groups. The 
threshold for statistical significance was set at p ≤ 0.05.

Results
Baseline characteristics
A total of 144 participants voluntarily took part in 
this study with 87 (59.7%) males, with a mean age of 
42.5 ± 12.3 years for non-diabetic and 43.7 ± 10.2 years 
for controlled diabetics while 49.2 ± 8.8 years for uncon-
trolled T2DM (p = 0.002) and mean serum HbA1c levels 
of 5.2 ± 1.09, 6.7 ± 0.50 and 8.3 ± 1.09 for the three groups 
(non-diabetics, controlled T2DM, uncontrolled T2DM) 
respectively (p = 0.001) (Tables  1 and 2). The prevalence 
of missing dentition was comparatively higher in the 
uncontrolled T2DM group with mean of 2.64 ± 1.9 and 
1.3 ± 1.6 (Table  2). The mean difference of various vari-
ables was notably different between non-diabetics and 

uncontrolled T2DM (Table  3). The majority of the par-
ticipants were illiterate 44 (30.6%), while only 32 (22.2%) 
had completed their graduation. The majority of the 
participants 47 (32.6%) were nonoccupational, followed 
by employed participants 41(28.55). Most of the par-
ticipants 48 (33.3%) cleaned their teeth once a day, twice 
daily 32 (22.2%), and once a week by 33 (22.9%) partici-
pants. Toothbrush was used as a cleaning tool by 101 
(70.1%), miswak was used by 22 (15.3%), and 21 (14.6%) 
participants used other tools (danddassa/Juglans regia 
linn) for cleaning their teeth. A minor number of partici-
pants 13 (9.0%) also had no dental check-up throughout 
their life. Most of the participants 91 (63.2%) did not use 
any tobacco product, and 22 (15.3%) consumed smoked 
tobacco (cigarette), while 31 (21.5%) used smokeless 
tobacco (naswar). Among the tobacco consumers, 44 
(30.6%) consumed tobacco ≥ 3 times a day (Table 1).

Periodontal Status among Non-Diabetics, controlled 
diabetics, and uncontrolled diabetics
Periodontal status as clinically determined via the Com-
munity Periodontal Index, Loss of Attachment Index, and 
missing teeth, varied distinctly among the three groups. 
Healthy periodontium (code-0) was found in 30 (20.8%) 
of non-diabetics while this ratio was 6 (4.2%) in uncon-
trolled T2DM (p = 0.001). Similarly, code-4 was most 
prevalent in uncontrolled T2DM 19 (13.2%); p = 0.01 
and least in the non-diabetic group 1(0.7%) (Table  1 
and Fig.  1). Loss of attachment (code-0) was prevalent 
in non-diabetics [27 (18.8%); p = 0.001] followed by the 
controlled T2DM group [17 (11.8%); p = 0.001] and infre-
quent in uncontrolled T2DM [5 (3.5%); p = 0.001]. Loss 
of attachment (code-4) was more common in the uncon-
trolled T2DM group [9 (6.3%); p = 0.001] and least com-
mon in non-diabetics [1 (0.7%); p = 0.001] (Table  1 and 
Fig. 2). The uncontrolled T2DM group showed the high-
est mean for missing teeth [2.64 ± 1.97; p = 0.01] followed 
by controlled T2DM [1.70 ± 1.79; p = 0.01] and non-dia-
betics [1.35 ± 1.63; p = 0.01] (Table 1).

Oral hygiene status among non-diabetics, controlled 
diabetics, and uncontrolled diabetics
Oral hygiene status was designated as Good, Fair, and 
Poor according to Oral Hygiene Index- Simplified. Good 
Oral Hygiene was observed in [27 (18.8%); p = 0.03] 
non-diabetics followed by controlled T2DM [19 (1.2%); 
p = 0.03] and uncontrolled T2DM [09 (6.3%); p = 0.03]. 
Poor oral hygiene was more prevalent in uncontrolled 
T2DM [29 (20.1%; p = 0.03) and least prevalent in non-
diabetics [14 (9.7%); p = 0.03] (Tables 1 and Fig. 3).
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Characteristics Categories Groups P-
valueNon-diabetics

(n = 48)
Controlled 
T2DM
(n = 48)

Uncontrolled 
T2DM
(n = 48)

Gender Male 26 (18.1%) 32 (22.2%) 28 (19.4%) 0.44

Female 22 (15.3%) 16 (11.1%) 20 (13.9%)

Education level Illiterate 11 (7.6%) 14 (9.7%) 19 (13.2%) 0.46*

Primary school 8 (5.6%) 8 (5.6%) 9 (6.3%)

Secondary school 11 (7.6%) 11 (7.6%) 13 (9.0%)

graduation 15 (10.4%) 12 (8.3%) 5 (3.5%)

More than graduation 3 (2.1%) 3 (2.1%) 2 (1.4%)

Occupation Professional 2 (1.4%) 3 (2.1%) 1 (0.7%) 0.44*

Employment 15 (10.4%) 16 (11.1%) 10 (6.9%)

Business 8 (5.6%) 13 (9.0%) 17 (11.8%)

Vocational 6 (4.2%) 3 (2.1%) 3 (2.1%)

None 17 (11.8%) 13 (9.0%) 17 (11.8%)

Frequency of 
teeth cleaning

Once a day 16 (11.1%) 16 (11.1%) 16 (11.1%) 0.39*

Twice a day 15 (10.4%) 12 (8.3%) 5 (3.5%)

Once a week 9 (6.3%) 11 (7.6%) 13 (9.0%)

2–3 times a week 6 (4.2%) 6 (4.2%) 8 (5.6%)

Rarely 2 (4.2%) 3 (2.1%) 6 (4.2%)

Tool used for 
teeth cleaning

Toothbrush 39 (27.1%) 36 (25.0%) 26 (18.1%) 0.05*

Miswak 5 (3.5%) 6 (4.2%) 11 (7.6%)

Others 4 (2.8%) 6 (4.2%) 11 (7.6%)

Last dental visit ≤ 1 year 20 (13.9%) 12 (8.3%) 20 (13.9%) 0.02*

≥ 1 year 27 (18.8%) 29 (20.1%) 35 (24.3%)

None 1 (0.7%) 7 (4.9%) 5 (3.5%)

Reason for a 
dental visit

Pain 27 (18.8%) 29 (20.1%) 34 (23.6%) 0.04*

Sensitivity 8 (5.6%) 4 (2.8%) 3 (2.1%)

Scaling and polishing 11 (7.6%) 8 (5.6%) 3 (2.1%)

Others 1 (0.7%) 0 (0.0%) 3 (2.1%)

None 1 (0.7%) 7 (4.9%) 5 (3.5%)

Tobacco con-
sumption and 
types used

Smoked tobacco 7 (4.9%) 9 (6.3%) 6 (4.2%) 0.75

Smokeless tobacco 8 (5.6%) 11 (7.6%) 12 (8.3%)

None 33 (22.9%) 28 (19.4%) 30 (20.8%)

Frequency 
of tobacco 
consumption

1–2 times a day 3 (2.1%) 3 (2.1%) 3 (2.1%)

≥ 3 times a day 12 (83%) 17 (11.8%) 15 (10.4%) 0.86*

None 33 (22.9%) 28 (19.4%) 30 (20.8%)

Duration of 
diabetes

≤ 5 years 0 (0.0%) 24 (16.7%) 11 (7.6%) 0.001*

6–9 years 0 (0.0%) 16 (11.2%) 15 (10.5%)

≥ 10 years 0 (3.3%) 8 (5.6%) 22 (15.4%)

Diabetes 
medication

None 48 (33.3%) 13 (9.0%) 1 (0.7%) 0.001*

Oral 0 (0.0%) 34 (23.6%) 34 (23.6%)

Combination (oral + inj insulin) 0 (0.0%) 1 (0.7%) 13 (9.0%)

Community Peri-
odontal Index 
(CPI)

Healthy-0 30 (20.8%) 15 (10.4%) 6 (4.2%) 0.001*

Bleeding on probing − 1 4 (2.8%) 5 (3.5%) 4 (2.8%)

Calculus detected- 2 3 (2.1%) 6 (4.2%) 8 (5.6%)

Pocket 4–5 mm (gingival margin within the black band of probe) − 3 8 (5.6%) 12 (8.3%) 11 (7.6%)

Pocket ≥ 6 mm (black band not visible)-4 3 (2.1%) 10 (6.9%) 19 (13.2%)

Loss of Attach-
ment Index

Loss of attachment 0-3 mm (CEJ not visible) Code-0 27 (18.8%) 17 (11.8%) 5 (3.5%) 0.001*

Loss of attachment 4-5 mm (CEJ within the black band) Code − 1 17 (11.8%) 15 (10.4%) 11 (7.6%)

Loss of attachment 6-8 mm (CEJ between 5-8 mm ring) Code-2 2 (1.4%) 7 (4.9%) 15 (10.4%)

Loss of attachment 9-11 mm (CEJ between 8.5-11.5 mm ring) Code- 3 1 (0.7%) 6 (4.2%) 8 (5.6%)

Loss of attachment ≥ 12 mm (CEJ beyond 11 mm ring)- 4 1 (0.7%) 3 (2.1%) 9 (6.3%)

Table 1  Association of Diabetic and Non-diabetic group(s) with different explanatory variables
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Discussion
By utilizing a representative sample of adults with type 
II diabetes mellitus and those without the disease, a 
statistically significant association was found between 
periodontal and oral hygiene status and the HbA1c lev-
els. The results of this study showed that patients with 

uncontrolled T2DM had worse periodontal health as 
revealed by the increase in bleeding on probing and 
pocket depth (assessed by CPI Index) and increased 
clinical attachment loss (assessed by Loss of Attachment 
Index) as compared to their healthy counterpart and con-
trolled T2DM.

Table 2  Comparative analysis of continuous variables with non-diabetic/diabetic groups
Variable Groups Mean Std.Deviation 95% Confidence Interval 

for Mean
F P Value

Lower Upper
Age Non-diabetic 42.54 12.33 38.95 46.12 5.46 0.005

Controlled diabetic 43.72 10.23 40.75 46.69

Uncontrolled diabetic 49.22 8.87 46.65 51.8

HbA1c level(%) Non-diabetic 5.24 0.41 5.12 5.36 207.26 0.001

Controlled diabetic 6.72 0.5 6.57 5.3

Uncontrolled diabetic 8.3 1.09 7.98 8.61

Number of missing teeth (except 3rd molar) Non-diabetic 1.35 1.63 0.88 1.82 6.55 0.002

Controlled diabetic 1.7 1.79 1.18 2.23

Uncontrolled diabetic 2.64 1.97 2.07 3.21
One Way ANOVA| p ≤ 0.05 = statistically significant

Table 3  Post Hoc (Tukey HSD) Test with Multiple comparisons
Dependent 
Variable

Type of groups Intra groups Comparison Mean Difference P value 95% Confidence Interval
Lower Bound Upper 

Bound
Age Controlled T2DM Uncontrolled T2DM -5.50 0.03* -10.61 -0.39

Non-diabetic 1.18 0.85 -3.93 6.30

Uncontrolled T2DM Controlled T2DM 5.500 0.03* 0.39 10.61

Non-diabetic 6.68 0.01* 1.57 11.80

Non-diabetic Controlled T2DM -1.18 0.85 -6.30 3.93

Uncontrolled T2DM -6.68 0.01* -11.80 -1.57

Level of HbA1c (%) Controlled Diabetes Uncontrolled T2DM -1.57 0.00* -1.93 -1.22

Non-diabetic 1.47 0.00* 1.12 1.83

Uncontrolled T2DM Controlled T2DM 1.57 0.00* 1.22 1.93

Non-diabetic 3.05 0.00* 2.70 3.41

Non-diabetic Controlled T2DM -1.47 0.00* -1.83 -1.12

Uncontrolled T2DM -3.05 0.00* -3.41 -2.70

Number of missing 
teeth (except 3rd 
molar)

Controlled T2DM Uncontrolled T2DM − 0.93 0.03* -1.81 -0.06

Non-diabetic 0.35 0.60 -0.52 1.23

Uncontrolled T2DM Controlled T2DM 0.93 0.03* 0.06 1.81

Non-diabetic 1.29 0.00* 0.42 2.16

Non-diabetic Controlled T2DM − 0.35 0.60 -1.23 0.52

Uncontrolled T2DM -1.29 0.00* -2.16 -0.42
*. The mean difference is significant at the 0.05 level

Characteristics Categories Groups P-
valueNon-diabetics

(n = 48)
Controlled 
T2DM
(n = 48)

Uncontrolled 
T2DM
(n = 48)

Oral Hygiene 
Index- Simplified 
(OHI-S)

Good oral hygiene 27 (18.8%) 19 (13.2%) 10 (6.9%)

Fair oral hygiene 7 (4.9%) 7 (4.9%) 9 (6.3%) 0.03

Poor oral hygiene 14 (9.7%) 22 (15.3%) 29 (20.1%)
Chi-square test/Fisher Exact* | p ≤ 0.05 = statistically significant | p = 0.001 = highly significant

Table 1  (continued) 
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CPI code 0 (healthy) was more prevalent in non-dia-
betics and controlled T2DM as compared to uncon-
trolled T2DM which are close to the observations of the 
other studies comparing the same groups [18–20]. Simi-
larly, code 1 (BOP) was almost similar among the three 
groups, which opposes the findings of other cross-sec-
tional studies, using the CPI index [21–23] and coincides 
with the study of Kim et al. [19]. CPI code 2 (calculus) 
was higher in uncontrolled T2DM in comparison to non-
diabetics and controlled T2DM which is consistent with 
the results of Apporva et al. [20]. The code 2 scores of our 
study contradict the results of other cross-sectional stud-
ies involving T2DM patients [19, 24]. The three groups 
of the present study shared almost the same scores for 
CPI code 3, which contradict the results of studies done 

by other investigators involving CPI usage [18, 20]. CPI 
code 4 was highest in uncontrolled T2DM as compared 
to non-diabetics and controlled T2DM, which is alike the 
findings of other studies [18–20, 22]. The tentative prop-
ositions for these similarities and discrepancies could 
be the same/different sociodemographic characteristics, 
oral hygiene behavior, education level, access to dental 
services, and discrepancies/similarities in the measur-
ing. On a universally agreeable scale, the possible phe-
nomenon resulting in these grievous periodontal clinical 
parameters is the diabetes-periodontitis reciprocality. 
T2DM impacts periodontitis development, progression, 
and severity by the production of advanced glycation 
end products, triggering a hyperinflammatory response, 

Fig. 2  Loss of Attachment Index

 

Fig. 1  Community Periodontal Index
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modulation of the periodontal microbiota, and impaired 
alveolar bone healing [25–28].

Clinical attachment loss, which is another prime indica-
tor of periodontal disease progression, was also assessed 
among the three groups in this study. Loss of attach-
ment code 0 (Loss of attachment 0-3  mm) was high-
est in non-diabetics (18.8%) compared to uncontrolled 
T2DM patients (3.5%), while code 4 (Loss of attach-
ment 9-11 mm) which is the worst score, was highest in 
uncontrolled T2DM (6.3%) compared to non-diabetics 
in which it was prevalent in just 0.7%. These findings are 
supported by other studies which compared the same 
among T2DM patients [28, 29]. The possible mechanisms 
which affect the clinical level are AGEs which initiate and 
progress a cascade of inflammatory events resulting in 
the degradation of the attachment apparatus. Moreover, 
the fibroblasts’ function is impaired by the hyperglyce-
mic environment, predisposing the collagen to degrade, 
which inhabits the repair and regeneration [29, 30].

Another key finding of this study was the increased 
number of tooth loss in uncontrolled T2DM. This find-
ing is in accordance with previous studies which proved 
that tooth loss due to periodontitis is closely influenced 
by uncontrolled T2DM. This is supported by other stud-
ies [31, 32] The possible explanation for this augmented 
tooth loss in uncontrolled T2DM is the defective bone 
composition and structure as well as increased severity of 
alveolar bone loss [33, 34]. Tooth loss due to periodon-
titis not only jeopardizes the masticatory function but 
also negatively affects the levels of progenitor cells which 
appear to increase the susceptibility of endothelial cell 
dysfunction and chronic inflammation [35].

Oral hygiene was another prime aspect of this cross-
sectional study. Oral hygiene was determined with the 

Oral Hygiene Index Simplified which is a simple and 
time-saving tool with three categories of Good, Fair, and 
Poor Oral hygiene. Non-diabetics had good oral hygiene 
as compared to uncontrolled T2DM, while poor oral 
hygiene was more prevalent in uncontrolled T2DM in 
contrast to non-diabetics. Other studies comparing oral 
hygiene status are consistent with the finding of these 
studies [6, 31]. These findings contradict the results of a 
cross-sectional study done in India, in which only 22% 
of diabetics showed poor oral hygiene while 37% of non-
diabetics showed poor oral hygiene [24]. The possible 
justification for this contrast could be differences in oral 
hygiene behavior like less frequency of tooth brushing, 
improper tooth brushing technique or lack of proper 
oral hygiene knowledge, or compromised access to den-
tal care services. Poor oral hygiene and low frequency of 
toothbrushing not only enhance the prevalence of peri-
odontal disease but also increase the risk of T2DM [36, 
37].

This study attempted to comprehend the two key risk 
factors (periodontitis and T2DM) of oral and systemic 
health. Both these conditions, sharing a bidirectional 
relationship, require a multidisciplinary approach to 
minimize and prevent the adverse effects of these two 
chronic diseases on oral health and overall well-being. 
Dentists should be aware of the diabetic status of their 
patients and the same goes for the physicians/diabetolo-
gist to be aware of the oral complication of diabetes mel-
litus. Access to dental care should be made easier and 
regular professional dental care should be encouraged in 
T2DM patients specifically, which will not only minimize 
the diabetes’ oral complication but also will improve the 
serum HbA1c levels [27, 38–40].

Fig. 3  Oral Hygiene Index -Simplified
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The limitation of this study was the sample size which 
was limited to a specific geographic area that cannot be 
generalized. A cross-sectional study could be the other 
limitation. Using the WHO-validated tool and oral exam-
ination by a single examiner were the strengths of this 
study. Future studies may be carried out on a large sam-
ple size using different study designs to find out a tempo-
ral relationship between periodontal health and T2DM.

Conclusion
In light of the results of this cross-sectional study, it is 
concluded that periodontal parameters (bleeding on 
probing, pocket depth, clinical attachment loss, and 
tooth loss) and oral hygiene status (plaque and calcu-
lus) were worsened in uncontrolled in T2DM in com-
parison to non-diabetic participants. A multidisciplinary 
approach is needed to maintain periodontal health and 
overall well-being in diabetic patients.
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