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Abstract
Background: Periodontal disease is a common complication of diabetes, and glycemic
control is thought to influence its severity. This study aimed to investigate the
correlation between HbA1c levels and the severity of periodontal disease in type 2
diabetic patients. Methods: This cross-sectional study was conducted at 89 Military
Dental Center, CMH Kohat, involving 100 type 2 diabetic patients. Periodontal
parameters (probing depth, clinical attachment loss, and bleeding on probing) were
recorded, and HbA1c levels were measured. Patients were categorized into three groups
based on HbA1c levels: good control (<7%), fair control (7-8%), and poor control
(>8%). Results: The mean age of patients was 52.4 ± 8.2 years, with a mean HbA1c
level of 8.2 ± 1.5%. A significant positive correlation was found between HbA1c levels
and periodontal parameters (probing depth: r=0.56, p<0.001; clinical attachment loss:
r=0.61, p<0.001; bleeding on probing: r=0.48, p<0.001). Patients with poor glycemic
control (HbA1c >8%) had more severe periodontal disease. Conclusion: This study
suggests a significant correlation between HbA1c levels and the severity of periodontal
disease in type 2 diabetic patients. Maintaining good glycemic control may help prevent
or reduce the severity of periodontal disease in diabetic patients.
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1. INTRODUCTION
1.1 Overview
Diabetes Mellitus (DM) and periodontitis are two
prevalent, complicated, long-term conditions that
have a known reciprocal association and affect
people's health and quality of life (1). In other words,
severe periodontitis is linked to impaired glycaemic
control, and DM (especially if there is inadequate
glycemic control) is linked to a rise in the frequency
and intensity of periodontitis. Traditional non-
surgical periodontal therapy has been linked to
benefits in glycaemic control in diabetics; following
periodontal therapy, glycated hemoglobin (HbA1c) is
reduced by around 0.4% (2).
Despite being thoroughly studied, the relationship
between DM and periodontitis is complicated and
challenging to fully understand (3). Mealey and
Oates (2006) pointed out that evaluating the body of
research should be done carefully since the results
may be interpreted differently due to limited
numbers of study subjects, a substantial diversity of
demographics, and varied definitions of the
parameters under investigation (4). The
pathophysiology of the micro- and macro-vascular
consequences of DM, such as retinopathy,
nephropathy, and cardiopathy, is said to be
comparable to the processes by which DM affects the
periodontium (5). DM has a detrimental impact on
phagocytosis, chemotaxis, and neutrophil adhesion,
which promotes bacterial persistence and accelerates
periodontal destruction (6). However, pro-
inflammatory cytokines and mediators are formed in
greater quantities by hyper-responsive monocytes and
macrophages, which also show up in gingival crevices
(7). The production of advanced glycosylation end
products, which also negatively impact periodontal
tissues, is associated with several DM problems (8).
Numerous epidemiological researches have shown
that patients with DM have more severe and
common periodontal disease than people without
the disease (9). Additionally, DM has been proposed
as a major risk factor for periodontitis (10).
Although, it is still unclear how precisely DM
influences the emergence of periodontal disease, it
has been demonstrated that the severity of both
conditions DM and periodontitis depends on a
number of risk factors, including the patient's age,
social behaviour, degree of oral hygiene, duration
and metabolic control of DM, and certain
aggravating factors, such as smoking (3, 9, 11).

1.2 Diabetes Mellitus (DM)
DM is a chronic metabolic condition marked by
persistent hyperglycemia brought on by decreased
insulin production, insulin resistance, or both (12).
Systemic issues, including increased atherosclerosis,
microvascular damage, and end-organ malfunction,
result from this imbalance, which interferes with the
metabolism of carbohydrates, proteins, and lipids
(13). With 81% of cases occurring in low- and
middle-income countries and a projected 537
million cases (10.5% of adults) reported in 2021, the
prevalence of DM has reached epidemic proportions
worldwide (14, 15). This increase has been caused by
sedentary lifestyles, obesogenic environments, and
rapid urbanization, especially in regions experiencing
dietary and epidemiological changes (16). Early
mortality and morbidity are increased by long-term
micro and macrovascular problems such as
nephropathy, retinopathy, neuropathy, chronic
hyperglycemia, and cardiovascular diseases (3, 11).
Particularly alarming is the increasing incidence of
early-onset diabetes mellitus (EOD; diagnosis≤35
years), which poses particular clinical and public
health issues (17). Younger patients were more likely
to experience micro- and macrovascular
consequences, have greater lifetime healthcare needs,
and develop diseases more quickly (18, 19). The
etiology of EOD is complicated and includes
developmental origins (e.g., intrauterine metabolic
programming, maternal DM), genetic predisposition
(e.g., epigenetic modifications, familial aggregation),
and modifiable lifestyle factors (e.g., excessive
consumption of sugar-sweetened beverages, physical
inactivity) (20-23).
Traditionally, DM manifests as a trio of symptoms:
polyphagia, polyuria, and polydypsia. Hyperglycemia
and the ensuing osmotic imbalance are directly
responsible for these symptoms. There are two
potential explanations for the problems. The first is
the polyol route, in which the enzyme aldol
reductase converts glucose to sorbitol. Sorbitol has
been linked to the majority of diabetic problems and
is regarded as a tissue toxin (24). The second process
is the non-enzymatic addition of hexoses to proteins,
which causes advanced glycation end products
(AGEs) to develop. The functions of several bodily
proteins, including haemoglobin, lipoproteins,
collagen, lens proteins, and plasma albumin, are
altered (25). Therefore, the goal of managing DM is
to keep blood sugar levels within normal values, and
there is ample evidence that careful management of
hyperglycemia helps avoid problems (26).
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The effectiveness of this control is monitored by
measuring the levels of glycated serum proteins,
particularly HbA1c, which provides an indication of
the serum glucose levels over the previous two to
three months due to its combination with the red
blood cells. Different types of DM are recognized by
the categorization system (27). Type 1 Diabetes
Mellitus or T1DM (formerly known as insulin-
dependent DM, or IDDM) and Type 2 Diabetes
Mellitus or T2DM (formerly known as non-insulin-
dependent DM, or NIDDM) are the two main forms
of the illness. The physiopathology of T1DM, an
autoimmune condition that leads to the death of
pancreatic  cells and consequent insulin
production loss, and T2DM, which is related to
insulin resistance, are different (3, 28). This new
categorization was created to emphasize that the
pathology involved determines the type of DM
rather than whether insulin is necessary for the
disease's management, as both categories may need
insulin treatment at some point. Patients with
T1DM have a propensity to develop ketoacidosis if
insulin is not given. The loss of the islet cells that
make insulin is the cause of this illness. Insulin
secretory defects combined with target cell resistance
to insulin cause T2DM. Elevated venous blood
glucose levels are the basis for the recently updated
(27) diagnostic criteria for DM. The following tests
are all regarded as positive:
1. Blood sugar levels ≥ 200 mg/dl were assessed at

random in individuals exhibiting symptoms
including polydypsia, polyuria, or weight loss.

2. People with fasting venous blood sugar levels
are ≥126 mg/dl.

3. Venous blood sugar levels ≥ 200 mg/dl, two
hours following a 75 g glucose load, and at least
once more throughout the test (29).

1.2.1 Type 2 Diabetes Mellitus (T2DM)
Dysregulation of the metabolism of fats, proteins,
and carbohydrates is a characteristic of T2DM,
which may be caused by reduced insulin production,
insulin resistance, or both. Compared to T1DM and
gestational DM, T2DM is the most prevalent of the
three main forms of the disease, making up more
than 90% of all instances. Its main cause is a
progressive reduction in the amount of insulin
produced by pancreatic  -cells, frequently in
conjunction with pre-existing insulin resistance in
skeletal muscle, adipose tissue, and the liver (30, 31).
Prediabetes (30, 32), a high-risk condition for T2DM,
is usually followed by overt hyperglycemia. Impaired
fasting glucose (IFG), impaired glucose tolerance

(IGT), or high HbA1c are indicators of prediabetes.
While IGT is characterized by insulin resistance and
decreased insulin production after meals, IFG
denotes higher fasting plasma glucose (FPG) levels
(32). HbA1c values in pre-diabetic people range from
5.7% to 6.4%, indicating a considerable variation in
pathogenesis. Between 3% and 11% of people with
prediabetes develop T2DM each year (33).
With 382 million persons afflicted in 2013, mostly
in low- and middle-income nations, T2DM is a
serious worldwide concern for health (34). This
figure is expected to increase to 592 million by 2035
(34). This epidemic is caused by a number of
elements, including Asians' greater body fat
percentage, abdominal obesity, inadequate early
nutrition, and subsequent over nutrition (35). Men
are somewhat more likely than women to experience
it (34).
1.2.2 T2DM and Glycemic Control
Nearly half of T2DM patients have HbA1c levels
higher than the usually advised target of less than
7% (36, 37). However, many individuals whose
HbA1c is below the current threshold may
experience microvascular problems. Novel disease
indicators and therapies to assist in identifying and
managing patients before they are diagnosed with
T2DMs may be developed as a result of new
knowledge of the biochemical pathology underlying
microvascular problems (38).
For those with T2DM, macrovascular problems may
be the leading cause of morbidity. The late
introduction of rigorous glycemic therapy may be
harmful to cardiovascular results, according to recent
large trials like Veterans Affairs Diabetes Trial
(VADT) (39) and Action to Control Cardiovascular
Risk in Diabetes (ACCORD) (40). Early in the
course of the illness, when stringent glycemic control
seems to be most beneficial, underlying
atherosclerosis develops. Strong data suggest that the
existing treatment guidelines, which call for
intervention at a conventional HbA1c target, do not
benefit all T2DM patients equally. In order to treat
the subset of diabetic patients who are most
vulnerable to microvascular and macrovascular
problems more vigorously, better markers for faster
disease progression and complications are required
(38).
1.3 Periodontal Disease
Bacterial inflammatory illnesses that impact the
periodontal attachment apparatus are collectively
referred to as periodonttits (29). Clinical attachment
loss (CAL), gingival bleeding, the development of
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periodontal pockets, and gingival recessions that
result in the loss of alveolar bone are all signs of
periodontitis (1). Advanced stages of periodontitis
typically affect a tiny percentage of the population,
even though mild forms like gingivitis or initial loss
of periodontal attachment are quite frequent in all
age cohorts (1, 41). Chronic gingival inflammation
does not seem to be directly related to the
development of periodontitis, and there is
insufficient data on predictive markers of chronic
periodontitis in individuals with rapidly developing
periodontal symptoms (3). The traditional indicators
of inflammation associated with periodontitis are
swelling, redness, elevated local intrasulcular
temperature, and tenderness (pain) (29).
Six categories have been found in a newly updated
taxonomy of periodontal disorders (29, 42).
I. Gingival diseases.
II. Necrotizing periodontal diseases.
III. Aggressive periodontitis.
IV. Abscesses of the periodontium
V. Chronic periodontitis.
VI. Periodontitis as an appearance of systemic

diseases (29, 42).
Gingivitis is a common inflammatory illness
affecting the gingival tissues, impacting more than
half of adults in the U.S., particularly characterized
by gingival bleeding (43). While many individuals
may have an inflammatory infiltrate without obvious
signs, gingivitis can lead to periodontal disease,
characterized by the destruction of the dental
attachment apparatus. Although probing depth (PD)
and CAL are used to diagnose periodontitis, they
reflect past damage rather than current attachment
loss. The prevalence of moderate to chronic
periodontal disease is estimated to be around 14%
(44), despite previous research suggesting that the
condition may be underestimated in current surveys
(29, 45-47).
With a combined incidence of over 62% among
dentate individuals, periodontitis remains to be a
global public health concern. According to research
conducted between 2011 and 2020, the anticipated
cumulative prevalence for severe periodontitis is
23.6%, while it is 53.2% for moderate-to-severe
instances (48). Estimates from 1990 to 2010 showed
that 10.8% of people had severe periodontitis (49).
According to a different research, the prevalence has
significantly grown over the past three decades (up to
2019), currently impacting 1.1 billion people
worldwide (50). Cardiovascular disease, which has a
6.6% global prevalence and is the primary cause of

morbidity and mortality, is less frequent than
periodontal disease (51, 52).
1.4 Bidirectional Relationship Between Diabetes and
Periodontal Disease
It has been suggested that periodontitis and DM are
related in both directions (53). Researchers from
around the world have recently shown interest in the
connection between DM and chronic periodontitis.
Numerous epidemiological studies over the years
have shown that adults with type 2 diabetes have a
higher prevalence, incidence, and severity of
periodontitis (4). In T2DM patients with progressive
systemic issues, periodontitis is more prevalent and
chronic, and its frequency increases with age (10).
Patients with diabetes mellitus frequently suffer from
severe alveolar bone loss as a result of periodontitis,
which is brought on by a weakened immune system
and slowed tissue repair. The invasion of anaerobic
bacteria into periodontal tissues, including the
gingival connective tissue, the periodontal ligament,
and the alveolar bone, is known as periodontal
disease. Periodontal pathogens like P. gingivalis
lipopolysaccharide (P-LPS) and several cytokines,
such as tumour necrosis factor-alpha (TNF-alpha),
interleukin-1 (IL-1), and interleukin-6 (IL-6),
stimulate osteoclast differentiation in gingival
connective tissue. After that, alveolar bone
resorption progresses, resulting in tooth loss and a
reduction in oral function. It has been shown that
the incidence of periodontitis is two to three times
higher in individuals with diabetes mellitus than in
those without the condition. Recent research has
demonstrated that periodontitis affects diabetes
mellitus, and that periodontal pathogens such as P-
LPS and TNF-alpha may exacerbate insulin
resistance by inhibiting smooth muscle cells' ability
to incorporate glucose. According to a clinical trial,
people with periodontitis had higher blood C-
reactive protein (CRP) levels even though
periodontal therapy improved the HbA1c levels of
diabetic patients. These results imply that
periodontal pathogens affect systemic illnesses and
that periodontal therapy can somewhat mitigate
these conditions. Additionally, periodontal
pathogens may encourage the development of
atherosclerosis (54).
Increased inflammation is often associated with
problems from DM. TNF-alpha, IL-6 (55), and an
enhanced Th1/Th2 cell ratio are systemic
manifestations of T2DM that are linked to
microvascular problems (56). Rats with T2DM have
elevated nuclear factor-kappa B and upregulated
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TNF-alpha in their large blood arteries, both of
which lead to macrovascular problems (57). The
beginning and development of diabetic nephropathy
are related with higher levels of inflammatory
cytokines, including IL-1, IL-6, IL-18, and TNF-alpha
(58-60). Early-stage DM is brought on by
inflammation-induced endothelial cell and pericyte
loss, which causes hypoxia and subsequently
promotes angiogenesis (61). Therefore, elevated
inflammation is the driving force behind the
pathology of a number of DM problems (62).
Periodontitis and alveolar bone loss are more
common in those with poorly managed DM, who
are also most vulnerable to the other microvascular
and macrovascular problems (29, 63). Therefore,
enhancing glycemic management can slow the
pathological evolution of periodontal disease (64,
65), and T2DM is thought to be among the
periodontitis risk factors (66, 67). Insulin resistance
may be lessened by periodontal treatment that
lowers inflammation. Additionally, long-term
periodontal diseases may worsen insulin resistance
and impair glycemic management (68, 69).
Furthermore, there is evidence that periodontal
inflammation resolution can improve metabolic
regulation (with reported HbA1c reductions of
around 0.4%); however, these results need to be
confirmed by large, multi-center, randomized
controlled studies (67).
It is unclear exactly how glycemic control affects
periodontitis and how treating it may impact
glycemic control in individuals with T2DM. A
widely accepted theory links the pathophysiology of
insulin resistance and periodontitis to inflammatory
pathways (67, 70). A model describing how severe
periodontal disease aggravates DM and complicates
metabolic control is provided. The advanced
glycation end product (AGE)-mediated cytokine
response that plays a role in DM may be
strengthened by an infection-mediated loop of
increased cytokine synthesis and release by
prolonged stimulation from LPS and products of
periodontopathic organisms. According to this view,
the increased tissue death observed in diabetic
periodontitis may be explained by the interaction of
these two pathways: infection and AGE-mediated
cytokine overexpression. There is a two-way
interaction between DM and periodontal
disease/infection, since it shows how periodontal
infection may exacerbate the severity of DM and the
degree of metabolic control. According to this
suggested twofold route of tissue damage, managing

chronic periodontal infection is crucial to managing
DM over the long term (68). To completely
comprehend the connection between DM and
periodontitis, more research is required (54).
Hence, unquestionably, DM is an important risk
factor for periodontitis disease (9, 71, 72). In
contrast to those without DM, those with DM had a
roughly twofold higher chance of developing
periodontitis (5). An important factor in identifying
elevated risk is the degree of glucose control. For
instance, after adjusting for age, sex, education,
ethnicity, and smoking, adults with an HbA1c level
of >9% in the US National Health and Nutrition
Examination Survey (NHANES) III had a
significantly higher prevalence of severe periodontitis
than those without DM (OR 2.90; 95% CI 1.40,
6.03) (67, 73).
1.5 Problem Statement
According to available studies, T2DM patients in
Pakistan currently lack a comparable thorough
evaluation of attachment loss and PD in each kind
of tooth. While earlier research in other populations
has shown that glycemic control significantly affects
the severity of periodontal disease in diabetics, these
studies have not considered confounding variables
like poor oral hygiene and smoking when assessing
the influence of poorly controlled DM on
periodontium. The majority of studies have
examined the connection between periodontitis and
DM of a certain type (either T1DM or T2DM), but
they have not examined potential variations in the
development of periodontitis in relation to the
various physiopathologies of DM, especially T2DM.
Hence, to assess the degree of periodontal disease in
T2DM patients, the current study sought to
overcome this deficit.
1.6 Objective
The goal of the study was to evaluate the association
between HbA1c levels and the severity of
periodontitis in adult patients with T2DM who
visited the 89 Military Dental Centre CMH Kohat.
Also, to compare periodontal parameters across
categories of glycemic control (HbA1c: good,
moderate, poor) and to assess the influence of
demographic aspects (sex, age, BMI) and lifestyle
factors (smoking, oral hygiene practices) on
periodontal disease severity in diabetic patients.
1.7 Significance of the Study
With almost 6.2 million people between the ages of
20 and 79 suffering from DM, Pakistan is ranked
sixth in the world. A moderate form of periodontitis
was reported in 6-10% of Pakistani DM patients
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between the ages of 35 and 44. Given the high
prevalence of type 2 diabetes in Pakistan and the
frequent occurrence of periodontitis, it is imperative
to comprehend the relationship between glycemic
control and periodontal severity. This knowledge can
help diabetic patients receive targeted prevention,
prompt interventions, and integrative care strategies.
This is especially relevant in regions with limited
healthcare resources, where early identification of
high-risk patients may improve oral and systemic
health outcomes.
2. METHODOLOGY
2.1 Study Design
This research was designed as a cross-sectional
analytical observational study aimed at investigating
the correlation between HbA1c levels and
periodontal disease severity in T2DM. 250 patients
between the ages of 30 and 70 who were registered at
the 89 Military Dental Center, CMH Kohat,
participated in the cross-sectional study. The
research was carried out from October 2025 to
January 2026.
2.2 Study Setting
The research was conducted at the 89 Military
Dental Centre, CMH Kohat. Clinical periodontal
assessments were performed in the dental
department under standardized conditions, while
HbA1c measurements were obtained from the
hospital’s accredited laboratory.
The study duration is 5 months, from 2 October
2025 to 31 January 2026.
2.3 Study Population
Adult T2DM patients using outpatient care are part
of the target population.
2.3.1 Inclusion Criteria
 Adults aged 30-70 years
 Diagnosed with T2DM for at least 1 year
 Presence of ≥12 natural teeth
 Willingness to provide written informed

consent
2.3.2 Exclusion Criteria
 Type 1 diabetic patients
 Pregnant or lactating women
 History of systemic conditions affecting

periodontal health (e.g., immunodeficiency,
malignancy)

 Periodontal treatment within the last 5 months
 Antibiotic or anti-inflammatory therapy within

the last 3 months
 Severe cardiovascular, renal, or hepatic disease.
2.4 Sample Size Calculation
Calculated sample size: n = 250 patients

2.5 Ethical Considerations:
The Gomal University, DI Khan Faculty of Allied
Health Science (Dental Department) standard
research committee gave its approval to the project.
Additionally, the Command of Dental Block and
the HOD of Dental OPD both provided formal
consent. All procedure was performed according to
rules and regulations.
2.6 Data Collection Procedure
2.6.1 Clinical Periodontal Examination
A single calibrated periodontist performed
examinations using a UNC-15 periodontal probe.
Parameters measured:
1. Probing Depth (PD) – six sites per tooth

(mesiobuccal, midbuccal, distobuccal,
mesiolingual, midlingual, distolingual)

2. Clinical Attachment Loss (CAL) – measured
from CEJ to the pocket base

3. Bleeding on Probing (BOP) – recorded as 0
(absent) or 1 (present) per site

4. Plaque Index (PI) – assessed using the Silness-
Löe plaque scoring method

Calibration procedure:
 Examiner measured 10 patients twice, 48 hours

apart
 Intra-class correlation coefficient (ICC)

calculated for PD and CAL
 ICC ≥0.85 considered acceptable
2.6.2 Glycemic Assessment
 HbA1c (%) measured using High-Performance

Liquid Chromatography (HPLC)
 Classification:
 Good control: <7%
 Moderate control: 7-8.9%
 Poor control: ≥9%
2.6.3 Demographic and Lifestyle Data
 Sex, age, body mass index (BMI), duration of

DM, smoking habits, and oral hygiene practices
 Collected via structured interviewer-

administered questionnaire
2.7 Data Management and Quality Control
 Data entered in Microsoft Excel, double-

checked by a second researcher
 Outliers checked using box plots
 Missing data handled using pairwise deletion
 All patients received standard dental care after

examination
2.8 Statistical Analysis
Software: SPSS version 26.0
1. Descriptive Statistics
 Mean ± SD for continuous variables
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 Frequency and percentage for categorical
variables
2. Normality Testing
 Shapiro-Wilk test for PD, CAL, HbA1c
3. Correlation Analysis
 Pearson correlation for normally distributed
variables
 Spearman correlation for non-normal variables
 Main outcome: Correlation between HbA1c and
PD, CAL, BOP, PI
4. Multivariate Regression
 Linear regression with PD and CAL as
dependent variables
 Independent variables: HbA1c, age, duration of
DM
3. DATA ANALYSIS AND RESULTS
3.1 Clinical Examination and Data Collection
The operator used a mouth mirror, disposable gloves,
and a blunt-ended periodontal probe during the
clinic examination of an adult under headlight
illumination. Following the clinic examination,
information was gathered through questionnaires

and conversations with guardians regarding
demographics, dental hygiene, eating habits, and
dietary practices.
3.1.1 Statistical Analysis
To determine the correlation between HbA1c level
and the severity of periodontal disease in T2DM
patients, descriptive statistics were used. To ascertain
whether the change was substantial in the severity of
periodontal disease in T2DM diabetics among the
various exposure variables, the chi-square test was
used.
3.1.2 Results
A total of 250 patients were included, with a mean
age recorded of 49.8 ± 10.4, with a maximum age
limit of 70 years and a minimum of 30 years; all
patients were diabetic.
Severity of periodontitis among the age group 30-40
years, n=50 (20%), the second group, age 41-50 years,
was n=80 (32%), the third group, age 51-60 years,
n=70 (28%), and the fourth group, age 61-70 years,
n=50 (20%). Aged 41-50 had a significantly greater
severity of periodontal disease in T2DM (32%).

Table 3.1: Age Distribution
Variable
(Age)

Frequency Percentage (%) Mean Standard deviation

30-40 50 20% 49.8 10.4
41-50 80 32%
51-60 70 28%
61-70 50 20%
Total 250 100%

Figure 3.1. Age Distribution of Study Population
Gender
In the overall patients, the number of males was n=
142(56.8%), and females were n=108(43.2%)

severity of periodontitis in T2DM was more
common in males compared to females.

Table 3.2: Gender Distribution
Sex Frequency Percentage (%)
Male 142 56.8
Female 108 43.2
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Total 250 100%

Figuree 3.2.Gender Distribution(Frequency and Percentage)
Durations of Diabetes years
The durations of DM among the patients revealed
that n=100 (40%) had DM for 1-5 years, and
approximately n=90 (36%) of the patients had

durations of DM ranging from 6-10 years. Long-
standing DM of more than 10 years was observed in
n=60 (24%) of the study populations. Overall of the
patients 76% had DM for 10 or less.

Table 3.3: Durations of Diabetes (years) Distribution
Durations DM (years) Frequency Percentage (%)
1-5 100 40%
6-10 90 36%
>10 60 24%

Figure 3.3. Distribution of Participants by Duration of Diabetes
Diabetic Treatment
The majority of the patients, n=136(54.4%), were
using oral hypoglycemic drugs. Insulin therapy was
reported by n=62(24.8%) patients, while

n=52(20.8%) patients were managing DM through
diet control alone. This was the most commonly
used treatment modality among the patients.

Table 3.4: Diabetic Treatment
Variable Frequency Percentage (%)
Oral hypoglycemic drugs 136 54.4
Insulin 62 24.8
Both 52 20.8
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Figure 3.4. Diabetic Treatment
Other Systemic Disease
The distribution of other systemic diseases among
the study patients. Out of the sample, n=84(33.6%)
patients reported the presence of other systemic

diseases, whereas n=166(66.4%) patients had no
history of any other systemic disease. The majority
of the study population did not suffer from
additional systemic conditions.

Table 3.5: Other Systemic Disease
Variable Frequency Percentage (%)
Yes 84 33.6%
No 166 66.4%

Figure 3.5. Percentage Distribution of Other Systematic Diseases
HbA1c Category
The HbA1c category distribution showed that n=60
(24%) of the patients had good glycemic control
(HbA1c,7%), moderate glycemic control (HbA1c 7-

8.95%) was observed in n=120 (48%) of the patients,
and poor glycemic control was observed in n=70
(28%) of the study population. Overall of the
patients had 76% moderate to poor glycemic control.

Table 3.6: HbA1c Category Distribution
HbA1c category Frequency Percentage (%)
Good control (<7%) 60 24%
Moderate (7-8.9%) 120 48%
Poor (>9%) 70 28%
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Figure 3.6. HbA1c Category Distribution
Oral Hygiene Practices
Oral hygiene practices of the patients are shown in
Figure 3.8., more than half of the patients brushed
their teeth once daily, n=134 (53.6%), while n=68
(27.2%) brushed twice daily. A smaller proportion

reported brushing occasionally, n=48 (19.2%).
Regarding the use of interdental aids, only n=74
(29.6%) patients reported using them, whereas the
majority, n=176 (70.4%), did not use interdental
aids.

Table 3.7: Use Tooth brushing and interdental Aids
Variable
Tooth Brushing
Once Daily
Twice Daily
Occasionally

Frequency
--------
134
68
48

Percentage (%)
-------
53.6%
27.2%
19.2%

Use of interdental Aids
Yes
No

----
74
176

----
29.6%
70.4%

Figure 3.7. Oral Hygiene Practices (Percentage Distribution)
Gingival Index (GI)
The distribution of gingival inflammation severity
among the study patients based on the GI. The
results show that moderate gingivitis was the most
prevalent condition, affecting 118 patients (47.2%).
This was followed by severe gingivitis, observed in 76

participants (30.6%), while mild gingivitis was
present in 56 patients (22.4%). Overall, the results
show that a significant percentage of the study
population had moderate to severe gingival
inflammation, which is indicative of the patients'
poor periodontal health.
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Table 3.8: Gingival Index (GI)
Severity Frequency(n) Percentage (%)
Mild 56 22.4%
Moderate 118 47.2%
Severe 76 30.6%

Figure 3.8 Percentage Distribution of Gingival Index (GI)
Probing pocket Depth (PPD)
Table 3.8 shows how PPD was distributed among
the study participants. The results show that 112
patients (44.8%) had PPD of 4-5 mm. PPD larger
than 6 mm, which was found in 74 patients (29.6%),

indicated advanced periodontal involvement.
However, 64 participants (25.6%) had PPD of less
than 3 mm. A high prevalence of periodontitis was
indicated by the percentage of the study population
that had moderate to deep periodontal pockets.

Table 3.9: Robing pocket Depth (PPD)
PPD category Frequency(n) Percentage (%)
<3mm 64 25.6%
4-5mm 112 44.8%
>6mm 74 29.6%

Figure 3.9. Distribution of Probing Pocket Depth (PPD)
Clinical Attachment Loss (CAL)
The research patients' CAL severity is displayed in
Table 3.9. The majority of patients (106, or 42.4%)
had moderate attachment loss. 72 patients (28.8%)
had mild attachment loss, and 72 patients (28.8%)

had severe attachment loss. These results show that
many patients had a discernible loss of periodontal
attachment, which is indicative of continuous
periodontal tissue degradation.

Table 3.10: Clinical Attachment Loss (CAL)
Severity Frequency(n) Percentage (%)
Mild 72 28.8%
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Moderate 106 42.4%
Severe 72 28.8%

Figure 3.10. Distribution of Probing Pocket Depth (PDD)
Bleeding on Probing (BOP)
Table 3.10 displays the BOP prevalence among the
study participants. BOP was present in most of the
patients, observed in 168 (67.2%) patients. In
contrast, 82 (32.8%) patients showed no bleeding on

probing. These results indicate that gingival
inflammation was common in the study population,
suggesting poor periodontal health in a large number
of patients.

Table 3.11: Bleeding on probing (BOP)
Status Frequency(n) Percentage (%)
Present 168 67.2%
Absent 82 32.8%

Figure 3.11. Distribution of Bleeding on Probing (BOP)
Overall Periodontal Disease Severity
Table 3.11 lists the study participants' overall
periodontal disease severity. Of the participants, 108
(43.2%) had moderate periodontal disease, which
was the most prevalent. Of the participants, 78

(31.2%) had severe periodontal disease, and 64
(25.8%) had mild disease. The majority of patients
had moderate to severe periodontal disease,
according to these results, suggesting that the study
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population had a high prevalence of periodontal
issues.
Table 3.12: Overall Periodontal Disease Severity
Severity Frequency(n) Percentage (%)
Mild 64 25.8%
Moderate 108 43.2%
Severe 78 31.2%
Table 3.12 shows the association between the study
participants' HbA1c status and the degree of
periodontitis. The participants were divided into two
groups according to their glycemic control,
controlled, and uncontrolled HbA1c levels. The
distribution of periodontal disease severity within
these two groups was then investigated. Of the 96
patients with controlled HbA1c levels, 42 patients
(43.8%) had moderate periodontal disease and 38
patients (39.6%) had mild periodontal disease. In
this group, only 16 patients (16.7%) had severe
periodontal disease. These results imply that mild to
moderate periodontal involvement was more
common in people with good glycemic control,
while a comparatively smaller percentage had severe
disease. Conversely, the severity of periodontitis was
significantly higher in individuals with uncontrolled
HbA1c levels (n = 156). While 66 patients (42.9%)
had moderate periodontal disease, only 26 patients
(16.8%) had mild periodontal disease. In this group,
62 patients (40.3%) had severe periodontal disease.
This implies that poor glycemic control was

associated with a higher frequency of advanced
periodontal destruction. Patients with uncontrolled
HbA1c levels had much higher rates of severe
periodontal disease than those with controlled
HbA1c, as can be seen by comparing the two groups.
On the other hand, mild periodontal disease was
more common in patients with controlled glycemic
status. Although periodontal disease was moderate
in both groups, there was a noticeable shift toward
severe disease in the uncontrolled group.
Of the 250 participants, 64 (25.6%) had mild
periodontal disease, 108 (43.2%) had moderate
disease, and 78 (31.2%) had severe periodontal
disease. The distribution clearly shows that more
severe periodontal disease is associated with
worsening glycemic control. These findings support
the hypothesis that poor glycemic control in people
with type 2 diabetes may make periodontal disease
worse. The results highlight the importance of
maintaining optimal HbA1c levels to reduce the risk
of severe periodontal involvement, as well as the
close relationship between DM control and
periodontal health.

Table 3.13: Association of HbA1c status with periodontal Disease severity
HbA1c state Mild n(%) Moderate n(%) Severe n(%) Total n(%)
Controlled 38(39.6%) 42(43.8%) 16(16.7%) 96
Uncontrolled 26(16.8%) 66(42.9%) 62(40.3%) 156
Total 64(25.6%) 108(43.2%) 78(31.2%) 250

Figure 3.12. Association of HbA1c status with periodontal Disease severity
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Table 3.14 displays the prevalence of periodontal
disease among study participants. 198 participants
(79.2%) had periodontal disease, meaning that most
of the study participants had the condition. Merely
52 individuals (20.8%) did not exhibit any

indications of periodontal disease. These results
imply that the study group had a high prevalence of
periodontitis, indicating a significant burden of
periodontal issues among the participants.

Table 3.14: Presence of periodontal disease
Periodontal disease Frequency Percentage (%)
Present 198 79.2%
Absent 52 20.8%

Figure 3.13. Association of uncontrolled HbA1c with severe periodontal disease
A relationship exists between the presence of severe
periodontitis and the HbA1c status of the research
participants. The distribution of severe and non-
severe forms of periodontal disease was compared
between the controlled and uncontrolled HbA1c
groups. Eighty patients (83.3%) had non-severe
periodontal disease, whereas sixteen patients (16.7%)
with controlled HbA1c levels had severe periodontal
disease. This result implies that advanced
periodontal destruction was less common in patients
with good glycemic control. Participants with
uncontrolled HbA1c levels, on the other hand,
displayed a noticeably different pattern. Sixty-two
patients (40.3%) had severe periodontitis, whereas
ninety-two patients (59.7%) had non-severe
periodontitis. Therefore, compared to the controlled
group, the uncontrolled HbA1c group had a much
higher percentage of severe periodontitis. When
comparing the two groups, it was evident that
uncontrolled HbA1c was associated with a higher
incidence of severe periodontitis. Patients with poor
glycemic control were more than twice as likely to
have severe periodontal involvement as those with

controlled HbA1c levels. This illustrates how long-
term hyperglycemia damages periodontal tissues.
Overall, these results show a strong correlation
between the severity of periodontitis and inadequate
glycemic control. Uncontrolled HbA1c appears to
play a role in the development of periodontal disease,
potentially due to immune response compromise
and delayed tissue healing associated with diabetes.
The findings show how crucial it is for people with
type 2 diabetes to maintain appropriate glycemic
control in order to reduce their risk of developing
severe periodontal disease.
Association of uncontrolled HbA1c with severe
periodontal disease
Table 3.15 shows the association between severe
periodontitis and HbA1c status. Of the 16 patients
(16.7%) with controlled HbA1c levels, 16 had severe
periodontitis, whereas 80 (83.3%) had non-severe
disease. On the other hand, 62 (40.3%) of the
patients with uncontrolled HbA1c had severe
periodontal disease, while 92 (59.7%) had non-
severe disease. These results indicate that a higher
risk of severe periodontitis is linked to uncontrolled
HbA1c.
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Table 3.15: Association of uncontrolled HbA1c with severe periodontal disease
HbA1c state Severe PD n(%) Non -severe PD n(%)
Controlled 16(16.7%) 80(83.3%)
Uncontrolled 62(40.3%) 92(59.7%
Chi-square Test Analysis
A statistical technique for analyzing the association
between two categorical variables is the Chi-square
(χ²) test. It was used in this study to ascertain
whether the severity of periodontal disease (mild,
moderate, or severe) is significantly correlated with
HbA1c status (controlled vs. uncontrolled). The test
compares each category's observed frequencies to
what would be predicted if there were no association
between the variables. The distribution of
periodontitis severity varies between the controlled
and uncontrolled HbA1c groups when the p-value is
less than 0.05, representing a statistically significant
relationship. The conclusion that poor glycemic
control leads to worse periodontal outcomes in
T2DM patients is supported by the finding that
uncontrolled HbA1c was significantly associated
with increased severity of periodontitis using the
Chi-square test.

A strong correlation between the GI and HbA1c
status. Gingival inflammation was found to be more
severe in patients with uncontrolled glycemic levels
(HbA1c) than in those with controlled levels. In
particular, only 16 out of 96 (16.7%) patients in the
controlled group had "Severe" gingival index scores,
compared to 60 out of 156 (38.5%) patients in the
uncontrolled group. In contrast, the controlled
group had a higher prevalence of "mild" gingival
inflammation (35.4%) compared to the uncontrolled
group (14.1%). A p-value of less than 0.001 was
obtained from statistical analysis using the Chi-
square test, which produced a value of X^2 = 26.15
with two degrees of freedom (df). This confirms that
the association between poor glycemic control and
increased severity of gingival disease is statistically
highly significant.

Table 3.16: Association between HbA1c status and the gingival index (GI)

GI
Controlled
n=96

Uncontrolled
n=156

Total X2 df p-value

Mild 34 22 56
Moderate 46 72 118 26.15 2 <0.001
Severe 16 60 76
Total 96 154 250
A chi-square test of independence was carried out to
examine the association between HbA1c status
(Controlled vs. Uncontrolled) and the severity of

CAL. The results show a statistically significant
relationship between the two variables, \chi^2(2, N
= 250) = 21.07, p < 0.001.

Table 3.17: Association between HbA1c status and clinical attachment loss (chi-square)

CAL severity
Controlled
n=96

Uncontrolled
n=156

Total X2 df p-value

Mild 40 32 72
Moderate 40 66 106
Severe 16 56 72 21.07 2 <0.001
Total 96 154 250
1. Statistical Significance
The P-value is 0.04, which is less than the standard
threshold of 0.05. This shows a statistically
significant correlation between HbA1c status and
the presence of periodontal disease. We can reject
the null hypothesis that there is no association
between these two variables.

2. Prevalence of Disease
In the uncontrolled group, 126/154 patients have
periodontal disease. In the controlled group, 72/96
patients have periodontal disease. While both groups
show a high prevalence, the percentage is higher in
those with uncontrolled HbA1c levels.

Table 3.18: Association between HbA1c status and presence of periodontal Disease

HbA1c status
Disease
present

Disease
Absent

Total X2 df p-value

Controlled 72 24 96
Uncontrolled 126 28 154 4.13 1 0.04
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Total 198 52 250
4. DISCUSSION
4.1 Overview of the Study
The severity of periodontitis in individuals with
T2DM is one of the most common conditions
worldwide. It affects people of all ages and
socioeconomic statuses. Geographical location, oral
hygiene practices, dietary habits, and access to dental
care are some of the variables that affect the
prevalence. At the 89 Military Dental Center, CMH
Kohat, we carried out an observational cross-
sectional study to find out how severe periodontal
disease was in people with T2DM who were between
the ages of 30 and 70. A sampling technique was
used to gather data, and the population was divided
into four age groups: 30-40, 41-50, 51-60, and 61-70.
Of the 250 patients in our data, 56.8 were men and
43.2% (74) were women with severe periodontal
disease in T2DM.
4.2 Demographic Characteristics of Study
Participants
The average age of the study's participants was 49.8 ±
10.4 years, which is in line with the age range that
T2DM usually affects. Grossi et al. (75) and Taylor et
al. (76) reported similar age distributions and
discovered that middle-aged and older individuals
are more likely to have periodontal destruction
associated with diabetes mellitus. Men made up
56.8% of the sample, while women made up 43.2%.
The preponderance of men in the study is consistent
with research by Soskolne and Klinger (29), who
suggested that men often have poorer dental hygiene
practices and put off getting medical care.
4.3 Duration of Diabetes and Periodontal Status
The duration of DM is a significant factor
influencing periodontal health. In the current study,
40% of patients had DM for more than ten years,
and 41.6% had it for one to ten years. Long-term
diabetes mellitus is associated with cumulative
hyperglycemic exposure, which can lead to
microvascular damage, immune system impairment,
and delayed wound healing. Consistent with the
current findings, patients with DM for more than
ten years showed significantly higher CAL and PD.
4.4 Glycemic Control and HbA1c Levels
The mean HbA1c value for the study was 8.1 ± 1.4%,
suggesting that participants' glycaemic control was
generally subpar. Only 38.4% of patients had
controlled DM (HbA1c < 7%), whereas 61.6% of
patients had uncontrolled glycaemic status. These
results are in line with research by Mealey and Oates
(4) and Khader et al. (77), who discovered that the

majority of diabetic patients with periodontal disease
had elevated HbA1c levels. Chronic hyperglycemia
alters collagen metabolism and heightens
inflammatory responses in periodontal tissues,
resulting in the production of AGEs.
4.5 Oral Hygiene Practices and Periodontal Health
Oral hygiene practices are a significant factor in the
development of periodontitis. In this study, 53.6%
of patients brushed once a day, while only 27.2%
brushed twice. Additionally, only 29.6% of
participants said they used interdental devices. Poor
oral hygiene practices among diabetic patients have
been previously documented by Preshaw et al. (67),
who emphasize that in hyperglycemic conditions,
poor plaque control exacerbates periodontal
inflammation. The low use of interdental aids may
account for the high prevalence of moderate to
severe periodontitis observed in this study.
4.6 Gingival Inflammation and Glycemic Status
According to a GI evaluation, 47.2% of patients had
moderate gingivitis and 30.4% had severe gingival
inflammation. Mild gingivitis was only present in
22.4% of cases. Patients with uncontrolled DM may
have more severe gingival inflammation due to
decreased neutrophil function and increased
production of pro-inflammatory cytokines. Salvi et al.
(78) reported similar findings, finding that people
with DM had increased inflammatory responses.
4.7 Probing Pocket Depth (PPD) and Periodontal
Destruction
According to PPD measurements, 29.6% of patients
had deep pockets ≥6 mm, while 44.8% of patients
had pockets measuring 4-5 mm. Advanced
periodontal destruction is indicated by deep
periodontal pockets. The results of Emrich et al. (79),
who found considerably deeper pockets in patients
with poorly controlled DM, are supported by the
high prevalence of deep pockets among uncontrolled
diabetic patients in this study.
4.8 Clinical Attachment Loss (CAL)
According to CAL analysis, 28.8% of patients had
severe attachment loss and 42.4% had moderate
CAL. It has been extensively documented that poor
glycemic control is linked to elevated CAL. Chronic
hyperglycemia has been linked to decreased collagen
turnover and increased periodontal breakdown,
according to Grossi and Genco (80).
4.9 Bleeding on Probing (BOP)
Widespread periodontal inflammation was indicated
by the presence of BOP in 67.2% of patients. The
results of Nishimura et al. (81), who linked elevated
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HbA1c levels to increased gingival bleeding, are
consistent with increased BOP among uncontrolled
diabetics.
4.10 Overall Periodontal Disease Severity
In the current study, 31.2% of patients had severe
periodontal disease, and 43.2% had moderate
periodontal disease. The percentage of people with
mild disease was only 25.6%. The influence of DM
on periodontal health is highlighted by the high
prevalence of moderate to severe periodontitis,
which also highlights the necessity of integrated
medical-dental care.
4.11 Association Between HbA1c and Periodontal
Disease Severity
The degree of periodontitis and HbA1c status were
discovered to be statistically significantly correlated
(p < 0.001). Sixty-two patients with uncontrolled
diabetes had severe periodontal disease, compared to
only sixteen in the control group. These findings
support the hypothesis that poor glycemic control is
associated with increased periodontal destruction,
which is consistent with studies by Taylor (2001) and
Preshaw (2012), (82).
4.12 Presence of Periodontal Disease in Study
Population
Diabetic patients have a high disease burden, as
evidenced by the 79.2% of participants who had
periodontal disease. Similar prevalence rates have
been reported by South Asian populations,
highlighting the regional significance of the issue.
4.13 Biological Mechanisms Linking Diabetes and
Periodontal Disease
Numerous mechanisms can account for the
association discovered in this study:
 Increased AGEs formation
 Impaired neutrophil chemotaxis
 Altered cytokine profiles
 Microvascular changes
 Delayed tissue repair
People with diabetes mellitus experience increased
periodontal deterioration as a result of these
processes.
4.14 Clinical Implications
The findings emphasize the importance of:
 Regular periodontal screening in diabetic
patients
 Collaborative care between physicians and
dentists
 Strict glycemic control to improve
periodontal outcomes

4.15 Conclusion of Discussion
The current study clearly demonstrates that poor
glycemic control is strongly and statistically
significantly linked to more severe periodontal
disease in patients with type 2 diabetes. These
findings demonstrate the need for integrated
management strategies to improve systemic and oral
health outcomes.
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