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Abstract

BACKGROUND

The two-way relationship between periodontitis and type 2 diabetes mellitus
(T2DM) is well established. Prolonged hyperglycemia contributes to increased
periodontal destruction and severe periodontitis, accentuating diabetic complic-
ations. An inflammatory link exists between diabetic retinopathy (DR) and perio-
dontitis, but the studies regarding this association and the role of lipoprotein(a)
[Lp(a)] and interleukin-6 (IL-6) in these conditions are scarce in the literature.

AIM
To determine the correlation of periodontal inflamed surface area (PISA) with
glycated Hb (HbAlc), serum IL-6 and Lp(a) in T2DM subjects with retinopathy.

METHODS

This cross-sectional study comprised 40 T2DM subjects with DR and 40 T2DM
subjects without DR. All subjects were assessed for periodontal parameters
[bleeding on probing (BOP), probing pocket depth, clinical attachment loss (CAL),
oral hygiene index-simplified, plaque index (PI) and PISA], and systemic
parameters [HbAlc, fasting plasma glucose and postprandial plasma glucose,
fasting lipid profile, serum IL-6 and serum Lp(a)].

RESULTS

The proportion of periodontitis in T2DM with and without DR was 47.5% and
27.5% respectively. Severity of periodontitis, CAL, PISA, IL-6 and Lp(a) were
higher in T2DM with DR group compared to T2DM without DR group. Sig-
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nificant difference was observed in the mean percentage of sites with BOP between T2DM with DR (69%) and
T2DM without DR (41%), but there was no significant difference in PI (P > 0.05). HbAlc was positively correlated
with CAL (r = 0.351, P = 0.001), and PISA (r = 0.393, P < 0.001) in study subjects. A positive correlation was found
between PISA and IL-6 (r = 0.651, P < 0.0001); PISA and Lp(a) (r = 0.59, P < 0.001); CAL and IL-6 (r = 0.527, P <
0.0001) and CAL and Lp(a) (r = 0.631, P < 0.001) among study subjects.

CONCLUSION

Despite both groups having poor glycemic control and comparable plaque scores, the periodontal parameters were
higher in DR as compared to T2DM without DR. Since a bidirectional link exists between periodontitis and DM, the
presence of DR may have contributed to the severity of periodontal destruction and periodontitis may have
influenced the progression of DR.

Key Words: Type 2 diabetes mellitus; Periodontitis; Periodontal inflamed surface Area; Glycated Hb; Diabetic retinopathy
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Core Tip: Periodontal inflamed surface area (PISA) estimates the periodontal inflammatory burden. Prolonged
hyperglycemia contributes to increased periodontal destruction and accentuates diabetic complications. An inflammatory
link may exist between diabetic retinopathy (DR) and periodontitis. This study assessed correlation between PISA with
glycated Hb (HbA 1c¢), interleukin-6 (IL-6) and lipoprotein(a) [Lp(a)] in type 2 diabetes mellitus (T2DM) subjects with and
without DR. Significant positive correlation between PISA with HbA1C, IL-6 and Lp(a) were observed. Proportion and
severity of periodontitis, PISA, IL-6 and Lp(a) were higher in DR compared to T2DM without DR. Presence of DR may
have contributed to the severity of periodontitis and periodontitis may have influenced the progression of DR.
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INTRODUCTION

Diabetes mellitus (DM) is a multifaceted metabolic disorder characterized by impaired glucose tolerance and
hyperglycemia. Currently, 537 million people are living with diabetes, which is predicted to rise to 643 million by 2030
and 784 million by 2045[1]. Type 2 DM (T2DM) occurs when there is a progressive loss of insulin secretion on the
background of insulin resistance. Secondary pathophysiologic changes in diabetes lead to the development of
microvascular (retinopathy, neuropathy, and nephropathy) and macrovascular (ischemic heart disease, peripheral
vascular disease, and cerebrovascular disease) complications. Periodontitis has been recognized as the “sixth com-
plication” of diabetes[2].

Periodontitis is a microbially-associated, host-mediated inflammation of the supporting tissues of teeth characterized
by the presence of periodontal pockets, clinical attachment loss (CAL), gingival recession, and progressive destruction of
periodontal structures[3]. The periodontal pocket acts as a portal for the entry of microorganisms into the systemic
circulation, leading to subclinical systemic inflammation. Periodontitis induced bacteremia and inflammatory response
depends on the area of inflamed periodontal tissue. Periodontal inflamed surface area (PISA) counts the surface area of
bleeding periodontal pocket epithelium and assesses the inflammatory burden[4]. A two-way relationship exists between
periodontitis and diabetes. Poor glycemic control, longer duration and complications of DM lead to periodontal disease
(PD) severity[5]. Systemic inflammation reduces insulin sensitivity, increases insulin resistance, and thus adversely affects
the glycemic status, which in turn increases the risk of complications of DMJ[6].

Diabetic retinopathy (DR) is one of the most common microvascular complications of DM, and it is the progressive
dysfunction of the retinal blood vessels caused by chronic hyperglycemia[7]. It is one of the leading causes of blindness.
Approximately one in three people with diabetes have DR and one in ten will develop a vision - threatening form of the
disease[8]. DR is perceived as a vascular and neurodegenerative disease. Inflammation plays a crucial role in the
development of the early and late stages of DR[9].

Lipoprotein(a) [Lp(a)] is involved in the development of atherothrombosis and the activation of acute inflammation,
exerting a proatherogenic and hypofibrinolytic effect[10]. Since capillary occlusion is a frequent finding in DR, the factor
Lp(a) has an important role in the development and progression of DR. Lp(a) is susceptible to oxidative modifications,
leading to the formation of pro-inflammatory and pro-atherogenic oxidized phospholipids. It has been reported that PD
leads to elevated levels of lipoproteins and inflammatory mediators in the serum and gingival crevicular fluid[11].
Elevated inflammatory mediators and lipoproteins in diabetic patients with PD may contribute to retinal blood vessel
damage, leading to DR.
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Studies regarding the relationship between DR and PD and the role of Lp(a) and interleukin-6 (IL-6) in these conditions
are scarce in the literature. Therefore, the objectives of the present study were: (1) To compare the proportion and severity
of periodontitis; and (2) To correlate CAL and PISA with glycemic status, serum IL-6, and Lp(a) in T2DM subjects with
and without DR.

MATERIALS AND METHODS

This cross-sectional study was carried out by the Department of Periodontics, Government Dental College, Calicut in
association with the diabetic clinic and Dept of Ophthalmology, Government Medical College, Calicut. The participants
were T2DM patients attending the diabetic clinic of Government Medical College, Calicut. T2DM subjects with and
without DR in the age group between 30-75 years were included in the study. Exclusion criteria were: History of
intraocular surgery or previous laser photocoagulation, patients who were already on lipid-lowering drugs, known
systemic diseases and conditions, pregnant and lactating mothers, psychiatric illness, systemic antibiotics within six
months, periodontal therapy (scaling and root planing or surgery) within the past one year.

A total of 80 T2DM subjects (40 with DR and 40 without DR) were randomly selected. This study was approved by the
Institutional Ethics Committee, Government Dental College Calicut (IEC No: 149/2019/DCC dated 14-11-2019). Informed
consent was obtained from all subjects and the study was conducted in accordance with the Helsinki Declaration of 1975,
as revised in 2013. The duration of the study was 18 months (from 30/05/2020 to 30/11/2021).

Clinical examination and assessment of DR

All subjects were evaluated using a detailed questionnaire including personal information, socio-demographic character-
istics, medical history, oral hygiene practices, history of diabetes, duration of diabetes and diabetic complications, and
drug allergy. Diagnosis of DR was done by dilated fundoscopy, performed by an ophthalmologist and its severity (mild,
moderate, and severe) was assessed based on the International Clinical Diabetic Retinopathy Disease Severity Scale[12].

Biochemical variables

Biochemical variables were assessed using peripheral blood samples collected by venipuncture from the ante cubital fossa
in the same period of clinical examination. The parameters included glycated Hb (HbA1lc), fasting plasma glucose,
postprandial plasma glucose, fasting lipid profile (FLP), IL-6, and Lp(a).

Oral and periodontal examination

Plaque index (PI), oral hygiene index-simplified (OHI-S), percentage of sites with bleeding on probing (BOP), gingival
recession (GR), probing pocket depth (PPD), CAL, and PISA were recorded. All periodontal assessments were carried out
by a qualified examiner (Nusreen Jamal Thazhe Poyil).

William’s periodontal probe was used to assess PPD, GR, and CAL at six sites per tooth. The periodontal status was
recorded as no/mild, moderate, and severe periodontitis, based on the CDC criteria (CDC 2012 update)[13].

PISA was calculated using a Microsoft Excel spreadsheet available from the website: www.parsprototo.info. CAL, GR,
and BOP on six sites for each tooth were entered in this spreadsheet. Mean CAL and GR for each tooth were computed
and converted into periodontal epithelial surface area (PESA). PISA for a particular tooth was measured by multiplying
PESA for that tooth with the percentage of sites with BOP. PISA (mm?) per subject was estimated by adding PISA around
each tooth.

Statistical analysis

mean * SD and frequency were computed for quantitative and qualitative data respectively. Unpaired t-test was done to
evaluate the quantitative variables [age, duration of diabetes, BOP, OHI-S, PI, PPD, CAL, HbAlc, fasting blood glucose,
postprandial blood glucose, FLP, IL-6, Lp(a) and PISA] between T2DM patients with and without DR. The y? test
analyzed qualitative data such as oral hygiene practices, past smoking status, severity of DR, proportion, and severity of
periodontitis. Mean CAL and PISA were analyzed between nonproliferative, proliferative type 2 DR and T2DM without
DR by one-way ANOVA test with post-hoc adjustment (Bonferroni test). Correlation between PISA and HbA1lc, PISA and
IL-6, PISA and Lp(a), CAL and HbAlc, CAL and IL-6, and CAL and Lp(a) were done by Pearson correlation test.

RESULTS

Socio-demographic, behavioral, and clinical characteristics of the study subjects are given in Table 1. No significant
difference was observed regarding the age, educational level and smoking status between T2DM subjects with and
without DR. A significant difference in the percentage distribution of gender between the two groups with a male
predominance in DR group (P = 0.001) was observed. The mean duration of T2DM (P = 0.005), mean debris score (P <
0.001), OHI-S score (P = 0.02) and Decay, missing and filled Teeth score (P = 0.04) were significantly higher in DR group,
but there was no difference in PI (P = 0.19) and calculus index (P = 0.36).

The distribution of biochemical and periodontal variables between T2DM with and without DR group are displayed in
Table 2. A significant difference was observed in the HbAlc (P < 0.005), serum IL-6 (P < 0.001), Lp(a) (P < 0.001), HDL (P
< 0.001), low-density lipoprotein (LDL; P = 0.025), very LDL (P = 0.005) and triglyceride (P = 0.004) levels between the
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Table 1 Socio-demographic, behavioral, and clinical characteristics of study subjects

Variables T2DM with DR (n=40)  T2DM without DR (n=40) P value
Age, yr (mean + SD) 53.85 + 6.86 54.03 £10.75 0.093
Gender frequency, 1 (%) Male 31 (77.5) 17 (42.5) 0.001
Female 9 (22.5) 23 (57.5)
Education frequency, 1 (%) Illiterate 0 1(2.5) 0.172
Primary school 5 (12.50) 4 (10)
Middle school 21 (52.50) 12 (30.0)
High school 11 (27.50) 21 (52.5)
Diploma and above 3(7.5) 2 (5.0
Socioeconomic status frequency, n (%)  APL 25 (62.5) 19 (47.5) 0.178
BPL 15 (37.5) 21 (52.5)
Behavioural
Smoking status, 1 (%) Current smoker 1(2.5) 1(2.5) 0.49
Ex-smoker 5(12.5) 2 (5.0)
Non-smoker 34 (85.0) 37 (92.5)
Frequency of teeth cleaning (daily), n Once 23 (57.5) 19 (47.5) 0.44
9
® Twice 17 (42.5) 20 (50.0)
After every meal 0(0) 1(2.5)
Clinical (mean * SD)
Duration of DM (yr) 11.94 +6.83 8.07 +£4.87 0.005"
DI-S 1.78 £ 0.69 1.22+0.54 <0.001°
CI-S 1.15+0.79 1.00 +0.67 0.36
OHI-S 2.90 +1.38 222+1.12 0.02"
PI 1.72+0.57 1.54+0.62 0.19
DMFT 7.48 +4.08 5.53 +4.45 0.04"
2P <0.05.

T2DM: Type 2 diabetes mellitus; DR: Diabetic retinopathy; APL: Above the poverty line; BPL: Below the poverty line; DM: Diabetes mellitus; CI-S:
Calculus index-simplified; DI-S: Debris index-simplified; DMFT: Decayed, missing, filled teeth; OHI-S: Oral hygiene index-simplified; PI: Plaque index.

groups, but no significant difference was seen in the total cholesterol levels (P = 0.254).
The mean difference in PPD (P < 0.001), CAL (P < 0.001), PISA (P < 0.001) and percentage of sites with BOP (P < 0.001)

between T2DM with DR group and T2DM without DR group was significant.

The proportion of periodontitis in T2DM with DR and in T2DM without DR was 47.5% and 27.5% respectively.
Significant difference was observed in the severity of PD among the groups (P = 0.05; Figure 1). The proportion of mild
periodontitis was higher in T2DM without DR (75%) as compared to T2DM with DR (52.5%) whereas moderate period-
ontitis was significantly higher among DR group (40%) than T2DM without DR (25%). No subjects had severe period-
ontitis in T2DM without retinopathy.

The mean difference in CAL and PISA between T2DM with nonproliferative, proliferative retinopathy group and
T2DM without retinopathy groups was significant (P < 0.001). Bonferroni post-hoc adjustment revealed a significant
difference between T2DM without retinopathy and nonproliferative retinopathy, and proliferative retinopathy groups (P
<0.001; Tables 3 and 4).

A statistically significant positive correlation was observed between PISA and HbAlc (r = 0.393, P < 0.001; Figure 2A),
PISA and IL-6 (r = 0.651, P < 0.001; Figure 2B), PISA and Lp(a) (r = 0.59, P < 0.001; Figure 2C) among all study subjects. A
statistically significant positive correlation was seen between CAL and HbAlc (r = 0.351, P = 0.001; Figure 2D), CAL and
IL-6 (r = 0.527, P < 0.001; Figure 2E), CAL and Lp(a) (r = 0.631, P < 0.001; Figure 2F) in all study subjects.
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Table 2 Comparison of biochemical and periodontal variables between groups

Variables T2DM with DR (n = 40) T2DM without DR (n = 40) P value
HbA1c (%) 8.67 +1.81 7.64+1.28 0.004°
FPG (mmol/L) 8.66 £ 2.67 8.62 £3.58 0.95
PPG (mmol/L) 12.22+4.21 11.95+4.05 0.77
IL-6 (pg/mL) 30.52 £16.57 13.47 £4.15 <0.001°
Lp(a) (mg/dL) 27.76 +18.82 11.45£9.08 <0.001"
Total cholesterol (mmol/L) 4.93 +0.90 4.70+0.89 0.254
HDL (mmol/L) 141£0.34 1.78+£0.36 <0.001"
LDL (mmol/L) 2.80+0.93 231+0.97 0.025°
VLDL (mmol/L) 0.76 £0.28 0.61£0.19 0.005 *
TG (mmol/L) 1.67 £0.61 132041 0.004 °

Periodontal variables

PPD (mm) 3.87+0.93 3.08 +0.66 <0.001*
CAL (mm) 450+1.49 3.43+0.85 <0.001°
CAL, <3 mm 36.14 £22.81 63.88 £ 26.52 <0.001"
CAL, 4 to 5 mm 40.62 +15.56 28.91 +18.55 0.003"
CAL, 26 mm 23.42 +24.29 8.44 +11.99 0.001°
BOP (% of sites) 69.33 £ 23.36 40.95 + 25.47 <0.001°
PISA (mm?) 1570.559 + 759.89 789.79 + 589.34 <0.001"
Periodontitis, 1 (%) 19 (47.5) 11 (27.5) 0.065
2P <0.05.

A significant difference among subjects with type 2 diabetes mellitus in glycated hemoglobin, interleukin-6, lipoprotein(a), high density lipoprotein, low
density lipoprotein, very low-density lipoprotein, triglyceride, periodontal disease, clinical attachment loss (CAL), CAL <3 mm, CAL > 6 mm, bleeding on
probing, periodontal inflamed surface area, and severity of periodontitis. T2DM: Type 2 diabetes mellitus; DR: Diabetic retinopathy; HbAlc: Glycated
hemoglobin; FPG: Fasting plasma glucose; PPG: Postprandial plasma glucose; I1-6: Interleukin-6; Lp(a): Lipoprotein(a); HDL: High density lipoprotein;
LDL: Low density lipoprotein; VLDL: Very low-density lipoprotein; TG: Triglyceride; PPD: Probing pocket Depth; CAL: Clinical attachment loss; BOP:

Bleeding on probing; PISA: Periodontal inflamed surface area.

Table 3 Comparison of clinical attachment loss and periodontal inflamed surface area among nonproliferative, proliferative and no

retinopathy in type 2 diabetes mellitus patients

. Non-proliferative diabetic Proliferative diabetic Diabetic without
Variable . . . P value
retinopathy retinopathy retinopathy
Mean CAL (mm, 95%CI) 4.1 (3.66-4.72) 4.87 (4.00-5.75) 3.43 (3.15-3.70) <0.001°
Mean PISA (mm?, 95%CI)  1380.87 (1087.12-1674.63) 1802.39 (1392.62-2212.17) 789.79 (601.31-978.27) <0.001°
P < 0.05.

A significant difference in clinical attachment loss and periodontal inflamed surface area among non-proliferative, proliferative and no diabetic

retinopathy. CAL: Clinical attachment loss; PISA: Periodontal inflamed surface area.

DISCUSSION

In the present study, the percentage of males was higher in DR group as compared to T2DM without DR and it is in
accordance with the findings of Deshpande et al[14]. DR is often preceded by neurodegenerative changes and females
may have some protection from, or resistance to, these changes relative to males[15]. This may be attributed to the low
frequency of females in the current study.

The duration of diabetes was significantly longer in DR group (11.94 £ 6.83 years) in contrast to T2DM without DR
(8.07 + 4.87 years). Even though both the study groups had poor glycemic control, the HbAlc values were significantly
higher in the DR group (8.67 + 1.8) as compared to T2DM without DR (7.64 + 1.2). Longer duration of diabetes and
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Table 4 Bonferroni post-hoc adjustment

Dependent variable Group Group Mean difference (95%CI) P value F statistic
Mean CAL 1 2 -0.68 (-1.61, 0.25) 0.23 9.58
3 0.76 (-0.01, 1.54) 0.05°
2 3 1.44 (0.61, 2.28) <0.001°
Mean PISA 1 2 -421.52 (-940.717, 97.681) 0.15 15.65
3 591.08 (157.464, 1024.697) 0.004°
2 3 1012.59 (548.94, 1476.258) <0.001°
2P < 0.05.

A significant difference in clinical attachment loss and periodontal inflamed surface area among non-proliferative, proliferative and no diabetic
retinopathy. Group 1: Nonproliferative diabetic retinopathy; Group 2: Proliferative diabetic retinopathy; Group 3: Type 2 diabetes without retinopathy.
CAL: Clinical attachment loss; PISA: Periodontal inflamed surface area.

Periodontal disease severity (%)

Type 2 DM with DR Type 2 DM without DR

M Mild periodontitis ® Moderate periodontitis =~ Severe periodontitis

Figure 1 Proportion of periodontal disease severity among subjects in type 2 diabetes mellitus with and without diabetic retinopathy. DM:
Diabetes mellitus; DR: Diabetic retinopathy.

increased glycemic burden are positively associated with the incidence of DR[16].

It is interesting to note that plaque score was similar in both groups, but the mean DI-S score, OHI-S score and DMFT
scores were significantly higher in DR group as compared to T2DM group without DR. This may be due to the poor
glycemic control and associated periodontal inflammation in DR which in turn could have adversely affected the ability
to maintain good oral hygiene. Sadzeviciene et al[17] reported that a correlation exists between complications inherent to
DM, such as DR or nephropathy, and an increased degree of periodontal inflammation.

T2DM with DR showed a higher percentage of periodontitis (47.5%) as compared to T2DM without DR (27.5%) in the
present study. Although Amiri et al[18] in 2014 indicated a probable relationship between retinal microvascular complic-
ations in diabetes and PD, to the best of our knowledge, no studies have been conducted to compare the percentage of
periodontitis between T2DM with and without DR. In this study, T2DM with DR group had a higher mean value of PPD
and CAL. This observation was in accordance with the findings of Sadzeviciene et al[17] in 2005 who reported increased
periodontal breakdown in the presence of microvascular complications of T2DM. Similar to this, Adhenkavil
Radhakrishnan et al[19] in 2022 reported a higher frequency of periodontitis in diabetic foot patients. In contrast, Bridges
et al[20] in 1996 opined that there was no association between glycemic control and periodontal variables.

DR group showed a higher percentage of sites with CAL > 6 mm and a higher percentage of sites with moderate/
severe periodontitis as compared to T2DM without DR. This showed that the severity of periodontitis was more in T2DM
with DR. Anil et al[21] reported that the uncontrolled T2DM group with microvascular complications had the highest
percentage of sites with CAL > 6 mm than the uncontrolled T2DM group without microvascular complications and
controlled T2DM group. Inflammatory cytokines and Advanced Glycation End products in hyperglycemic state induce
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Figure 2 Correlation of periodontal inflamed surface area, and clinical attachment loss between interleukin-6, lipoprotein(a) and glycated
hemoglobin. A: A statistically significant positive correlation had been found between the periodontal inflamed surface area and glycated hemoglobin (HbA1c)
among study subjects (Pearson correlation coefficient 0.393, P value < 0.001); B: A positive correlation had been found between serum interleukin-6 (IL-6) and mean
periodontal inflamed surface area among study subjects (Pearson correlation coefficient 0.651, P < 0.001); C: Positive correlation had been found between serum
lipoprotein(a) [Lp(a)] and mean periodontal inflamed surface area among study subjects (Pearson correlation coefficient 0.59, P < 0.001); D: A statistically significant
positive relation had been found between the mean clinical attachment loss (CAL) and HbA1c in type 2 diabetic mellitus subjects (Pearson correlation coefficient
0.351, P =0.001); E: A positive correlation had been found between serum IL-6 and mean CAL among study subjects (Pearson correlation coefficient 0.527, P <
0.0001); F: Positive correlation had been found between serum Lp(a) and mean CAL among study subjects (Pearson correlation coefficient 0.631, P < 0.001). HbA1c:
Glycated hemoglobin; PISA: Periodontal inflamed surface area; IL-6: Interleukin-6; Lp(a): Lipoprotein(a); CAL: Clinical attachment loss.

neutrophils to create oxidative stress that accentuates alveolar bone loss by acting on osteoclasts, resulting in increased
attachment loss and severity of periodontitis in diabetic complications[22].

The link between DR and periodontitis may be possibly related to the presence of inflammation. NLRP3 (nucleotide-
binding domain and leucine-rich repeat receptor containing a pyrin domain 3), is a protein responsible for several
intracellular signalling events in the inflammatory mechanism. NLRP3 is not only involved in the pathogenesis of period-
ontitis but is also present in the retina of patients with progressive DR[23,24].

It is evident from this study that as the severity of DR increases the severity of periodontal breakdown increases. Prolif-
erative DR had higher CAL compared to non-proliferative DR. A positive correlation was observed between CAL and
HbA1c in T2DM with and without DR and these observations are comparable to the report of H R et al[25] in 2018. They
reported that the severity of PD strongly correlated with HbAlc in T2DM with DR patients.

BOP is the earliest indicator of periodontal inflammation. The percentage of sites with BOP was 69% and 40.95%
respectively in T2DM with DR and T2DM without DR. Severe periodontal inflammation in T2DM with DR may be
accounted for increased bleeding sites. Consistent with this, Anil ef al[21] reported 79%of sites with BOP in uncontrolled
T2DM group with microvascular complications. Zoellner et al[26] reported that histologically, the microvascular
pathological conditions of gingivitis and retinopathies are similar; both are described as microvascular angiopathies with
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oedema, vascular proliferation and tortuosity, haemorrhaging, and membrane thickening. Lp(a) exerts antifibrinolytic
and prothrombotic effects, which may contribute to the increased BOP in DR patients. Microvascular pathological
conditions of retinopathy might have influenced the increased BOP and further studies are needed to confirm this.

Periodontitis induces systemic inflammatory burden by the ingress of inflammatory mediators. Tools such as CAL and
PPD for grading periodontitis are linear measurements that do not adequately estimate the inflammatory load induced
by periodontitis. So, in this study inflammatory burden of periodontitis was assessed by PISA. PISA shows the surface
area of bleeding pocket epithelium[4], used to assess the periodontal inflammation. In this study T2DM with DR group
had a higher mean PISA (1570 mm?) than T2DM without DR (789 mm?). This is in accordance with studies by Anil et al
[21] and Lindner et al[27]. Nesse et al[4] in 2008 observed a higher PISA score with upper and lower limits of 0 and 1087
mm? respectively, in T2DM with periodontitis. Estimated PISA values in this study corroborate with the inflammatory
link between periodontitis and DR. A positive correlation had been obtained between PISA and HbAlc in T2DM with DR
and without DR which is similar to the report of Adhenkavil Radhakrishnan et al[19] in 2022. They reported a dose-
response relationship exists between PISA and HbAlc and showed that an increase in PISA of 50.77 mm? was associated
with a 1% increase in HbAlc. Nesse et al[4] in 2008 opined that a change in PISA of 333 mm? was associated with a 1%
increase in HbAlc independent of other factors. From this, it is evident that periodontal inflammation could have
influenced the HbAlc level in T2DM with and without DR.

The inflammatory response in periodontitis is characterized by dysregulated secretion of host-derived inflammatory
mediators which may provoke systemic inflammation, enhance hyperglycemia, and insulin resistance and exacerbate
complications in T2DM. In this study, serum levels were significantly high in retinopathy (30.52 pg/mL) when compared
to T2DM without DR (13.47 pg/mL). Similar findings are reported by Quevedo-Martinez et al[28]. In this study, the
presence of a higher percentage of periodontitis in T2DM with DR as compared to without DR contributed to the higher
IL-6 level in DR. A significant positive correlation between serum IL-6 and PISA and also between IL-6 and CAL was
obtained among the study subjects. DR is a low-grade inflammatory disease and inflammation specifically leukocyte
adhesion to the retinal vasculature triggers the disease in a hyperglycemic environment[29]. This study reveals that
elevated IL-6 concentrations may contribute to the disease activity in DR. A bidirectional link may exist between DR and
PD via IL-6 since it might have been involved in the pathophysiology of both conditions.

Lp(a) is an independent risk factor for developing vascular disease. It has the potential to cause vessel damage through
lipoprotein oxidation to exert antifibrinolytic and prothrombotic effects. In this study, it is interesting to note that T2DM
with DR subjects showed a significantly higher Lp(a) level (approximately 27.76 mg/dL) as compared to the group
without DR (11.45 mg/dL). Reports are there in the literature pointing to the relation between serum Lp(a) concentrations
and DR[30]. Conflicting reports are also available in the literature. Paige et al[31] in 2017 reported an inverse association
between Lp(a) concentration and risk of T2DM. A significant positive correlation between serum Lp(a) and PISA and also
between Lp(a) and CAL were obtained in the present study.

Lp(a) is susceptible to oxidative modifications, leading to the formation of ‘oxidation-specific epitopes” (OSEs).
Different OSEs are present on Lp(a) as ‘danger-associated molecular patterns’, triggering innate immunity[32]. Modified
Lp(a) binds and carries MCP-1/CCL2 (pro-inflammatory molecules such as the monocyte chemoattractant protein-1),
which induces and maintains vascular inflammation.

Inflammation plays an important role in the relationship between periodontitis and DR. Despite both groups having
poor glycemic control and comparable plaque scores, the periodontal parameters were higher in DR as compared to
T2DM without DR. Since a bidirectional link exists between periodontitis and DM, the presence of DR may have
contributed to the severity of periodontal destruction and periodontitis may have influenced the progression of DR.

One of the limitations of this study was its small sample size. Periodontal parameters like PPD and CAL were
measured manually using a William’s graduated periodontal probe. More accurate results can be obtained with new-
generation computerized probes. In this study it was unfeasible to corroborate the causality and the direction of the
relationship between periodontitis and type 2 DR, due to its cross-sectional study design. Large multicentric clinical
studies with a proper longitudinal study design and appropriate adjustments for confounders are needed to ascertain
whether PD affects the progression of DR and DR contributes to the severity of PD.

CONCLUSION

Despite both groups having poor glycemic control and comparable plaque scores, the periodontal and inflammatory
parameters were higher in the DR group compared to T2DM without DR. The presence of DR may have contributed to
the severity of periodontal destruction and periodontitis may have influenced the progression of DR. Proper periodontal
care can help in improving glycemic control and prevent the progression of DR to some extent. A better understanding of
the association between type 2 DR and periodontitis will help create awareness among the public and improve their
overall quality of life.

ARTICLE HIGHLIGHTS

Research background
The two-way relationship between periodontitis and type 2 diabetes mellitus (T2DM) is well established. Prolonged
hyperglycemia contributes to increased periodontal destruction and severe periodontitis, accentuating diabetic complic-
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ations. An inflammatory link exists between diabetic retinopathy (DR) and periodontitis.

Research motivation

Studies regarding this relation and the role of lipoprotein(a) [Lp(a)] and interleukin-6 (IL-6) in these conditions are scarce
in the literature. This study assessed the proportion and severity of periodontitis and the correlation between periodontal
inflamed surface area (PISA), and clinical attachment loss (CAL) with glycated hemoglobin (HbAlc), serum IL-6 and

Lp(a).

Research objectives

(1) To determine and compare the proportion and severity of periodontitis in T2DM subjects with and without DR; (2) To
assess the correlation between PISA and HbAlc, serum IL-6, and Lp(a) in T2DM subjects with and without DR; and (3) To
assess the correlation between CAL and HbAlc, serum IL-6, and Lp(a) in T2DM subjects with and without DR.

Research methods

The duration of the study was 18 months. In this study, 80 T2DM subjects (40 with DR and 40 without DR) were selected
from the diabetic clinic of Department of Internal Medicine, Government Medical College, Calicut. They were divided
into two groups based on the presence of DR as follows: Group I- T2DM with DR and Group II- T2DM without DR.
Subjects were assessed with a detailed questionnaire regarding their socio-demographic characteristics, medical history,
oral hygiene practice, history of diabetes and drug allergy. HbAlc, fasting plasma glucose and postprandial plasma
glucose, serum IL-6, and Lp(a) were evaluated. Probing pocket depth, CAL, bleeding on probing, oral hygiene index-
simplified, PISA and periodontal disease severity were determined. Diagnosis of DR was done by dilated fundoscopy.

Research results

The proportion of periodontitis in T2DM with DR and in T2DM without DR was 47.5% and 27.5% respectively. Severity
of periodontitis, CAL, PISA, serum IL-6 and Lp(a) were higher in T2DM with DR group compared to T2DM without DR
group. HbAlc was positively correlated with CAL (r = 0.351, P = 0.001), and PISA (r = 0.393, P < 0.001) in study subjects.
A positive correlation was found between PISA and IL6 (r = 0.651, P < 0.0001); PISA and Lp(a) (r = 0.59, P < 0.001); CAL
and IL6 (r = 0.527, P < 0.0001) and CAL and Lp(a) (r = 0.631, P < 0.001) among study subjects.

Research conclusions
The presence of DR may have contributed to the severity of periodontal destruction and periodontitis may have
influenced the progression of DR.

Research perspectives

Since a bidirectional link exists between periodontitis and diabetes mellitus, periodontal therapy should be included in
the diabetes management. Proper periodontal care can help in improving glycemic control and prevent the progression of
DR to some extent. A better understanding of the association between type 2 DR and periodontitis will help to create
awareness among the public and to improve their overall quality of life.
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