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Abstract

Background. Periodontitis is regarded as the 6™ microvascular complication of type 2 diabetes mellitus
(T2DM). In individuals with both periodontitis and T2DM, the condition may adversely influence the
regenerative potential of the platelet-rich fibrin (PRF) and hyperacute serum (HAS) derived from these
patients.

Objectives. The present cross-sectional study was conducted to evaluate the weight and cytokine levels
of the PRF and HAS obtained from periodontitis patients with or without T2DM in a laboratory setting.

Material and methods. Platelet-rich fibrin and HAS were obtained from 17 periodontitis patients with
T2DM (group 1: T2DM-+/P+), 17 periodontitis patients without T2DM (group 2: T2DM—/P+), and 16
periodontally healthy participants (group 3: T2DM—/P—). Demographic, periodontal and hematological
parameters were recorded for all participants. Serum, PRF and HAS samples were quantified and analyzed
for inflammatory markers — interleukin-6 (IL-6), resistin (RETN), tumor necrosis factor-alpha (TNF-a),
IL-1B, and interleukin-T receptor antagonist (IL-1ra) — as well as growth factors, including insulin-like
growth factor-1 (IGF-1), transforming growth factor-beta 1 (TGF-B1), platelet-derived growth factor-BB
(PDGF-BB), and fibroblast growth factor-21 (FGF-21).

Results. The quantities of PRF and HAS obtained were significantly higher in healthy individuals as compared
to diabetic patients. The concentrations of inflammatory markers and growth factors in serum, PRF and
HAS from periodontitis patients were not significantly different between those with and without T2DM.

Conclusions. Periodontitis in conjunction with T2DM may influence the weight of PRF and HAS; however,
no significant association was observed with respect to the levels of inflammatory markers and growth
factors.

Keywords: periodontitis, type 2 diabetes mellitus, inflammatory markers, growth factors, platelet-rich
fibrin
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Highlights

V.K. Bains et al. Cytokines in PRF and HAS in T2DM-++/P+ and T2DM—/P+ patients

* Patients with periodontitis and type 2 diabetes mellitus (T2DM) exhibited significantly fewer teeth present,
a higher body mass index (BMI), elevated systolic blood pressure (SBP), and greater insulin resistance (IR) as

compared to non-diabetic healthy controls.

* The coexistence of periodontitis and T2DM may adversely affect the regenerative potential of platelet-rich fibrin

(PRF) and hyperacute serum (HAS).

* The mean PRF weight was significantly highest in healthy controls (T2DM-/P-), intermediate in periodontitis
participants without T2DM (T2DM-/P+), and lowest in periodontitis participants with T2DM (T2DM+/P+).

Introduction

Insulin resistance (IR) or insufficiency leading to hy-
perglycemia is the hallmark of type 2 diabetes mellitus
(T2DM).! Type 2 diabetes mellitus is reported to have af-
fected approx. 462 million individuals by 2017, account-
ing for 6.28% of the global population,? and it constitutes
nearly 90% of diabetes cases worldwide.>* It is predict-
ed that by 2025, the countries with the highest number
of individuals with diabetes will be India, China and the
United States.> According to the National Family Health
Survey of India (NFHS), 2019-2021, India currently has
74.9 million individuals with diabetes mellitus (DM), and
this number is projected to rise to 124.9 million over the
next 24 years.®

Periodontitis is a microbially induced, localized, chron-
ic inflammatory disease of the supporting tissues of the
teeth, characterized by a dysregulated host inflammatory
response that leads to periodontal tissue breakdown and
eventual tooth loss.” The interrelationship between T2DM
and periodontitis has been studied for over 50 years.® In
a joint consensus report by the European Federation
of Periodontology (EFP) and the International Diabetes
Federation (IDF), Sanz et al. highlighted the association
of elevated levels of inflammatory cytokines in the gingival
tissues of individuals with periodontitis and T2DM.’

Among various platelet concentrates (PCs), autologous
platelet-rich fibrin (PRF) is widely used in surgical pro-
cedures, not only in the disciplines of oral surgery, im-
plant dentistry and periodontology, but also as a surgical
adjunct in sports medicine, in orthopedic surgery and as
a healing gel for diabetic foot ulcers.!-!? In recent years,
hyperacute serum (HAS) has been introduced; it is ob-
tained by squeezing the PRF clot through an additive-
free, single-step process. Hyperacute serum is a potential
regenerative agent that promotes wound healing, mim-
icking the natural coagulation cascade.!?

Platelets release a range of pro-inflammatory, anti-in-
flammatory and pro-regenerative cytokines upon contact
with the exposed endothelium, thereby facilitating wound
healing. Various cytokines studied in PRF include inter-
leukin-1 beta (IL-1p), IL-4, IL-6, tumor necrosis factor-
alpha (TNF-a), interleukin-1 receptor antagonist (IL-1ra),
insulin-like growth factor-1 (IGF-1), transforming growth

factor-beta 1 (TGF-P1), platelet-derived growth factor-
BB (PDGF-BB), fibroblast growth factor-21 (FGF-21),
epidermal growth factor (EGF), and vascular endothelial
growth factor (VEGEF), all of which contribute to the natu-
ral wound healing process.!*19

Resistin (RETN), an inflammatory cytokine first de-
scribed in 2001 as an adipose-secreted polypeptide, has
been linked to IR and periodontitis.?*?! Increased concen-
trations of RETN, an important inflammatory marker, in
gingival crevicular fluid (GCF) and serum have been asso-
ciated with poor glycemic control in T2DM patients with
periodontitis.?>?* However, its correlation in serum, PRF
and HAS in periodontitis patients with T2DM has not yet
been investigated.

Periodontitis is widely regarded as the 6 microvascu-
lar complication of DM, and diabetes may exert an induc-
tive effect on the cytokine and growth factor levels in the
PRF obtained from the affected patients. Clinical studies
have suggested that cytokine release from PRF in diabetic
patients with periodontitis may be reduced.'® To the best
of our knowledge, no published report to date has evalu-
ated inflammatory markers and growth factors in both
PRF and HAS in periodontitis patients with or without
T2DM.

It is hypothesized that periodontitis patients with
T2DM may exhibit variations in the regenerative poten-
tial of PRF and HAS in terms of inflammatory markers
and growth factors. Therefore, the present observational
study was designed to evaluate inflammatory markers
and growth factors in PRF and HAS among patients with
and without T2DM to test this hypothesis. Additionally,
the study assessed biochemical (hematological and lipid)
parameters, and examined the quantitative association
of PRF and HAS with glycated hemoglobin (HbAlc) in
patients with periodontitis, with and without T2DM.

Material and methods

Investigation design

This cross-sectional study was carried out from March
2021 to March 2023 in Lucknow, India, according to the
STROBE (Strengthening the Reporting of Observational
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Studies in Epidemiology) criteria. The study was conduct-
ed in accordance with the principles and ethical guide-
lines outlined in the Declaration of Helsinki 1964, amend-
ed in 2013. The study protocol (#f V1PE21122020R) was
approved by the Institutional Research and Development
Committee (IRDC) and the Institutional Human Ethics
Committee (IHEC) at Saraswati Dental College and Hos-
pital, Lucknow, India.

Case definition

Periodontitis was defined as the presence of interdental
clinical attachment loss (CAL) >1 mm at 2 or more non-
adjacent teeth, or buccal/oral CAL > 3 mm with the prob-
ing pocket depth (PPD) >3 mm at 2 or more teeth.*?
Patients presenting with at least Stage II periodontitis
or higher were enrolled in the present investigation as
representative of periodontitis.> Volunteers exhibiting
bleeding on probing (BoP) at <10% of sites, PPD < 3 mm,
and no evidence of horizontal or vertical bone loss on ra-
diographs were considered periodontally healthy.?® Par-
ticipants with the fasting plasma glucose (FPG) level 2126
mg/dL, the random blood sugar (RBS) level >200 mg/dL
and HbAlc > 6.5% were classified as having T2DM ac-
cording to the World Health Organization (WHO) and
related criteria, whereas those with values below these
thresholds were considered non-diabetic.?”

Study population

For the present cross-sectional study, periodontitis
patients of Indian origin meeting the below-mentioned
inclusion and exclusion criteria were recruited from the
individuals visiting the Department of Periodontology
of Saraswati Dental College and Hospital, Lucknow, India,
for the management of periodontal diseases. Those who
voluntarily agreed to participate and provided written in-
formed consent, after a thorough explanation of the study
aims and objectives, were enrolled. Healthy volunteers
from within the institute were included as representatives
of the control group.

Inclusion criteria

Participants with moderate to severe periodontitis
(Stage II and above, Grade B or C), with T2DM, aged
40-50 years, of either sex, who were non-smokers and
non-alcohol consumers, were included. Eligible partici-
pants had a minimum of 20 teeth present and at least 8
sites with CAL > 3 mm and PPD > 4 mm. Additionally,
they had received no or only stable doses of oral hypogly-
cemic agents, and had not undergone periodontal therapy
or received any systemic or local medications in the pre-
ceding 6 months. Volunteers of both sexes with a healthy
periodontium (CAL < 1 mm), aged 40—50 years, were also
included as controls (T2DM-/P-), as described earlier.?®
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Exclusion criteria

Exclusion criteria comprised the presence of systemic
illnesses other than T2DM; pregnant or lactating women;
patients with major complications of T2DM (e.g., cardio-
vascular or peripheral vascular diseases, renal disorders,
and hypertension); and individuals with acute infections,
heart failure or malignancy at the time of blood collec-
tion. Participants who declined to provide written in-
formed consent and those with an inadequate platelet
count (<100,000 per milliliter) were also excluded.

Sample size

The sample size was calculated based on the minimum
variation observed among growth factors (IGF, PDGEF-
BB, FGF, EGF, and VEGF) in PRF and HAS at the final
follow-up, as reported by Su et al.'” The maximum stan-
dard deviation (SD) for growth factor parameters in the
PRF group was ¢ = 0.47. The difference deemed clinically
significant in the HAS group was d = max (o1, 62) , which
is the maximum SD of growth factor values. A type II er-
ror (B) of 20% was assumed to achieve 80% study power,
while a type I error () of 5% corresponded to a 95% con-
fidence level. Based on these assumptions, the minimum
required sample size was calculated to be n = 15 partici-
pants per group.

Recruitment of volunteers

A total of 60 patients visiting the Department of Peri-
odontology were screened for the diabetic status, oral
hygiene, weight, height (in centimeters), the body mass
index (BMI), and RBS. Comprehensive dental and medi-
cal histories were recorded. To exclude systemic diseases
other than T2DM, the participants were evaluated for vi-
tal parameters, including blood pressure (BP), the pulse
rate (beats per minute), body temperature, and the respi-
ratory rate (breaths per minute). All participants under-
went blood sampling prior to enrollment in the study.

After careful screening, 51 volunteers were finally re-
cruited for the study. Using a scalp vein infusion set and
a 20-mL syringe, 20 mL of blood was drawn from the an-
tecubital region (the median cephalic vein) of each partic-
ipant. At this stage, 1 participant was excluded due to the
inability to collect a sufficient volume of blood. Of the to-
tal volume collected, 3 mL of whole blood was transferred
into an ethylenediaminetertaacetic acid (EDTA)-coated
test tube for the analysis of HbAlc and hemoglobin (Hb).
Eight milliliters of blood were equally distributed into 2
clot-activated vacutainers (4 mL each) for serum extrac-
tion. Serum obtained from one 4-mL sample was used to
assess the complete blood count (CBC), creatinine, the
lipid profile, high-sensitivity C-reactive protein (hs-CRP),
RBS, FPG, fasting glucose, and IR. Serum from the oth-
er 4-mL sample was stored at —80°C for the subsequent
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analysis of cytokines and growth factors. The remaining
9 mL of blood was immediately transferred into a plain
vacutainer for the preparation of PRF and HAS (Fig. 1).
All procedures were performed by a single trained investi-
gator under standardized conditions at room temperature
(27°C) to minimize variability.

Grouping

The enrolled participants were allocated into 3 groups
according to the study design: group 1 (T2DM+/P+), com-
prising periodontitis patients with T2DM (n = 17); group
2 (T2DM-/P+), comprising systemically healthy patients
with periodontitis (# = 17); and group 3 (T2DM-/P-),
comprising systemically healthy individuals with a healthy
periodontium (n = 16). To further distinguish the glyce-
mic control status, group 1 (T2DM+/P+) was subdivided
into 2 subgroups based on the HbAlc level: <8% (poorly
controlled); and >8% (uncontrolled).

Patients screened
(N =60)

Excluded (n =9)
A

Participants recruited (n = 51)
Group 1 (n =17), Group 2 (n =17) and Group 3 (n = 16)

}

Anthropometric, periodontal and vital parameters recorded I

Excluded (n = 1); inability to collect
a sufficient volume of blood

I Blood sample collection (20 mL) I

v
v v v v

3mL 4mL 4mL 9mL
— EDTA-coated ||— clot-activated||- clot-activated - plain
vacutainer vacutainer vacutainer vacutainer
Immediate

centrifugation

A 4
v v PRF clot obtained
I Serum | and weighed

| ,
Y
|

CBC, creatinine, h 4

lipid profile, hs-CRP, RBS, IL-6, RETN, TNF-a, IL-1B, IL-1ra,
FPG, fasting glucose, IR IGF-1, TGF-B1, PDGF-BB, FGF-21

| PRFgel | | HAs |

Fig. 1. Flow chart showing the methodology of the study

Groups: group 1 (T2DM+/P+); group 2 (T2DM—/P+); group 3 — control
(T2DM—/P—). T2DM - type 2 diabetes mellitus; P — periodontitis.

EDTA - ethylenediaminetertaacetic acid; PRF - platelet-rich fibrin;

HAS - hyperacute serum; HbA1c - glycated hemoglobin; Hb — hemoglobin;
CBC - complete blood count; hs-CRP - high-sensitivity C-reactive protein;
RBS - random blood sugar; FPG - fasting plasma glucose; IR — insulin
resistance; IL-6 — interleukin-6; RETN - resistin; TNF-a — tumor necrosis factor-
alpha; IL-1ra — interleukin-1 receptor antagonist; IGF-1 — insulin-like growth
factor-1; TGF-B1 - transforming growth factor-beta 1; PDGF-BB - platelet-
derived growth factor-BB; FGF-21 - fibroblast growth factor-21.

V.K. Bains et al. Cytokines in PRF and HAS in T2DM-++/P+ and T2DM—/P+ patients

Preparation of PRF and HAS

As recommended by Choukroun et al.,?® autologous
PRF was prepared from the patient’s blood using a table-
top centrifuge with a fixed-angle rotor head (REMI R-303;
IndiaMART, Noida, India). Blood was centrifuged in
9-mL pre-sterilized vacutainers (Labtech Healthcare In-
dia, Jaipur, India) at 3,000 rpm (relative centrifugal force
(RCF) = 755 g; rotor radius = 7.5 cm) for 12—14 min at
room temperature. For HAS preparation, the resulting fi-
brin clot was gently compressed using flat instruments,
and the serum part was collected in microcentrifuge tubes
and stored at —80°C for further analysis. To ensure stan-
dardization, all samples were collected by a single trained
investigator and processed by another trained investiga-
tor under identical conditions, using the same centrifuge
at room temperature.

Parameters recorded
Demographic analysis

The following demographic data was collected and ana-
lyzed: age; sex; weight; height; and BMI.

Periodontal parameters

Each participant underwent a comprehensive full-
mouth oral examination using standard diagnostic instru-
ments. All clinical parameters were recorded by a single
trained investigator to eliminate inter-observer variability.

The gingival index (GI) was assessed at the facial
(labial/buccal), lingual/palatal, mesial, and distal gingival
margins.? Similarly, the plaque index (PI) was evaluated
using a blunt probe/explorer on the facial (labial/buccal),
lingual/palatal, mesial, and distal surfaces of all teeth.®
The probing pocket depth (PPD) was measured at 6 sites
per tooth, using a calibrated instrument (University
of North Carolina-15 probe, UNC-15), as previously de-
scribed.’® Clinical attachment loss (CAL) was determined
by measuring the distance from the cementoenamel junc-
tion (CEJ) to the base of the pocket or sulcus.

Systemic parameters

Glycated hemoglobin, Hb, CBC, hs-CRP, creatinine,
total cholesterol, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), very low-density lipoprotein
(VLDL), triglycerides, RBS, FPG, fasting insulin, and IR
were recorded as explained in previous studies.3!"32

Quantification of PRF/HAS

An analytical balance (Wensar; Chennai, India) with
a readability of 0.0001 g was used to measure the weight
of the collected PRF clot. The prepared HAS obtained
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Table 1. Comparison of the analyzed variables among the various study groups (ANOVA)

Variable

Age

[years]

BMI

[kg/m?]

SBP

[mmHg]

DBP

[mmHg]
Pulse rate
[beats/min]
Body temperature
rda

Hb

[g/dL]

HbATc

[%]

TLC
[cells/mm?]
Neutrophils
[x10%/uL]
Lymphocytes
[x10%/uL]
Eosinophils
[x103/uL]
Monocytes
[(x10%/uL]
Basophils
[x103/uL]
RBC count
[million cells/mm?]

ESR
[mm/h]

PLT
[x10%/mm?3]
pCv

[%]

hs-CRP
(mg/L]
Creatinine
[mg/dl]
Total cholesterol
[mg/dL]
HDL
[mg/dL]
LDL
[mg/dL]
VLDL
[mg/dL]
Triglycerides
[mg/dL]
RBS
[mg/dL]
FPG
[mg/dL]

Fasting insulin
[WU/mL]

T2DM+/P+

46.53 £4.62

2581 +244

134.00 £13.50

84.82 +8.56

81.29 £10.46

36.83 +£0.36

1348 £1.78

8.15+1.53

7,270.59 £2,351,80

4,488.35 +1,862.09

2,248.35 £699.25

363.88 +333.71

170.06 £128.14

0.00 +0.00

4.72 €057

25.00 £28.90

1.94 +0.87

41.69 £4.70

11.18 £23.67

0.85 £0.24

214.24 £34.48

48.28 £9.72

115.29 £26.61

62.00 +63.23

31000 +£316.14

189.60 £50.10

154.48 £28.69

17.86 £16.34

T2DM-/P+

45.76 +2.88

2414 £2.44

12518 £11.13

8147 £5.89

79.59 £5.03

36.92 £0.28

12.89 £1.95

5.79+040

6,696.47 +£1,187.31

3,865.88 £1,167.80

1,977.99 £648.75

296.24 +178.18

192.29 £95.47

0.00 +0.00

4.48 £0.50

25.76 £23.81

2.19+0.85

36.22 £10.37

3.05£297

497 £17.03

206.65 +47.30

63.61 £51.10

11543 £35.86

43.74 £20.13

208.82 +108.48

129.74 £23.56

109.65 £10.37

20.18 £18.42

T2DM~-/P—

4550 +£3.74

23.36+1.59

125.50 +4.65

81.94 +4.33

7794 £7.63

36.95 +0.15

13.68 £1.56

562 +0.30

6,812.50 +1,428.69

4,220.25 £1,052.89

2,108.44 £554.98

320.94 £222.58

148.75 £83.26

0.00 +0.00

4.74 £0.51

19.29 £22.17

1.87 £0.69

38.16 £10.63

2.33£2.73

0.90 £0.20

21550 £41.17

4823 £10.84

130.13 £28.60

3743 +£13.90

182.56 +65.70

123.26 +18.31

108.28 £10.49

9.20 £5.06

033

533

3.80

1.30

0.72

0.86

0.89

38.06

052

0.83

0.76

0.31

0.72

NA

1.30

0.32

0.72

1.63

2.07

0.96

0.22

1.38

1.26

1.74

192

19.51

33.02

2.55

0.723

0.008*

0.030*

0.281

0.492

0430

0418

<0.001*

0.599

0443

0473

0.736

0493

NA

0.283

0.726

0.490

0.207

0.138

0.392

0.799

0.261

0.293

0.187

0.158

<0.001*

<0.001*

0.089
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Table 1 - continuation

V.K. Bains et al. Cytokines in PRF and HAS in T2DM-++/P+ and T2DM—/P+ patients

Variable T2DM+/P+ T2DM—/P+ T2DM—/P— F-value

R 6.75+573 5604528 248+139 377 0.030*
Number of teeth present 26.65 +1.06 2847 £1.74 29.81 +0.83 25.64 <0.001*
Gl 2514021 2134030 1.04+030 12580 <0.001*
Pl 2644038 224 +0.24 1154037 86.82 <0.001*
PPD

4824083 4324043 2024026 11492 <0.001*
[mm]
CAL

3724041 3024038 045 +0.10 44089 <0.001*
[mm]
[PgR]F clotweight 2164073 284+083 3204078 768 0.001*
Eifn‘j’repara“or‘ time 1565 +2.15 14,00 0,00 14,00 +0.00 968 <0.001*
HAS
ey 1574056 182 +045 1794037 142 0252

Data presented as mean + standard deviation (M +SD).

Groups: group 1 (T2DM+/P+); group 2 (T2DM—/P+); group 3 - control (T2DM—/P-). T2DM - type 2 diabetes mellitus; P — periodontitis.

BMI = body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; TLC — total leukocyte count; RBC — red blood cell; ESR - erythrocyte
sedimentation rate; PLT - platelet count; PCV — packed cell volume; HDL - high-density lipoprotein; LDL — low-density lipoprotein; VLDL - very low-density
lipoprotein; Gl — gingival index; Pl — plaque index; PPD — probing pocket depth; CAL — clinical attachment loss; NA — data not available; * statistically significant.

from the fibrin clot was measured using a micropipette
and subsequently stored at —-80°C in microcentrifuge
tubes for further analysis.

The quantification of PRF/HAS is highly sensitive;
therefore, meticulous care was taken to standardize the
sampling conditions, including the participants’ demo-
graphics, blood collection and centrifugation procedures.

Sample preparation for the evaluation of markers

The samples stored at —80°C were thawed, homog-
enized and centrifuged at 3,000 rpm for 10 min at room
temperature. The resulting supernatants were aliquoted
and stored again at —80°C until analysis. Specific biomark-
ers were quantified using appropriate enzyme-linked im-
munosorbent assay (ELISA) kits in accordance with the
manufacturer’s instructions (Elabscience Biotechnology
Inc., Houston, USA). All standards and samples were as-
sayed in duplicate for each marker, and mean values were
calculated. The results were adjusted by applying the ap-
propriate dilution factor. All biomarker analyses and data
interpretation were performed by trained investigators
who were blinded to group allocation, using the Origin®
software (OriginLab Corporation, Northampton, USA).

Inflammatory markers and growth factors (ELISA kit)

Ninety-six-well ELISA kits were used to quantify the
following human biomarkers: IL-6; RETN; TNF-a; IL-1f3;
IL-1ra; IGF-1; TGF-p1; PDGF-BB; and FGF-21.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, v. 26.0 (IBM Corp., Armonk,

USA). The data was analyzed using descriptive statistics,
with comparisons made among study groups. Categorical
variables were summarized as frequencies and percentag-
es (1 (%)), while quantitative data was expressed as mean
+ standard deviation (M +SD). A p-value <0.05 was con-
sidered statistically significant.

Intergroup differences were assessed using the one-way
analysis of variance (ANOVA). When a significant dif-
ference was detected, Tukey’s post hoc test was applied
for pairwise comparisons between the group means.
Comparisons between two groups were performed using
the unpaired ¢ test. Correlation analysis was conducted
to evaluate the strength and direction of associations,
whether causal or not, between two random variables or
bivariate data.

Results

The mean age of individuals in group 1 (T2DM+/P+),
group 2 (T2DM-/P+) and group 3 (T2DM-/P-) was 46.53
+4.62 years, 45.76 +2.88 years and 45.50 +3.74 years, re-
spectively. No statistically significant differences were ob-
served in age or gender distribution among the 3 groups.
The BMI of individuals in group 1 was statistically signifi-
cantly higher, with a mean value of 25.81 +2.44 kg/m? as
compared to 24.14 +2.44 kg/m? and 23.36 +1.59 kg/m? in
groups 2 and 3, respectively. No statistically significant dif-
ferences were observed among the groups with respect to
the pulse rate, body temperature or diastolic blood pres-
sure (DBP). However, statistically significant variations in
BMI and systolic blood pressure (SBP) may be associated
with T2DM and periodontitis (i.e., group 1). No statisti-
cally significant difference in the mean BMI values was
observed between group 2 and group 3.
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The intergroup comparisons of demographic, vital, bio-
chemical/hematological, lipid profile, glycemic, and peri-
odontal parameters, as well as the quantity of PRF and
HAS, and the time required for PRF preparation among
the study groups, are summarized in Table 1. The analy-
sis indicated significant differences among the groups
(p = 0.001), with group 3 demonstrating the highest PRF
clot weight, followed by group 2 and group 1. A similar
trend was observed for HAS; however, the difference
was not statistically significant. The time required for
the procedures differed significantly among the groups
(p < 0.001). Notably, the average time required for PRF
preparation was 14 min in groups 2 and 3, as compared to
a mean of 15.65 +2.15 min in group 1.

Although diabetic patients could not be stratified into
controlled, moderately controlled and poorly controlled
categories due to the small sample size, convenience sam-
pling allowed further subdivision of the T2DM+/P+ group
into 2 subgroups based on the HbAlc level: <8% (9 par-
ticipants); and >8% (8 participants). The average time re-
quired for PRF preparation in periodontitis patients with
uncontrolled diabetes (HbAlc > 8%) was 16.00 +2.14 min.
The comparisons of the mean values of demographic, vi-
tal, biochemical/hematological, lipid profile, glycemic, and
periodontal parameters, as well as the quantity of PRF and
HAS, and the time required for PRF preparation between
the subgroups (HbAlc < 8% and HbAlc > 8%) within
group 1 (T2DM+/P+), are summarized in Table 2.

The post hoc Tukey’s test results, used to identify spe-
cific pairwise differences between the group means for the
parameters showing significant differences in ANOVA,
are summarized in Table 3.

Table 2. Comparison of the analyzed variables between the subgroups
within group 1 (T2DM+/P+) (HbA1c < 8% or HbA1c > 8%) (unpaired t test)

Age 47.78 +561 45134295 120 0.250
[years]
BMI
: 2577 +2.93 25854196  —007 0947
[kg/m?]
SBP
129894794  13863+1726  —137 0191
[mmHdg]
DE}P 8167 579 883841010 171  0.109
[mmHg]
Pulse rate 826741122  7975+1005 056 0583
[beats/min]
Fjgytemperat“re 36.84 4037 36.81+038 018 0863
Hb 1243 +1.26 14664156  -326  0005*
/L] 4341, 66+1. . .
TLC
, 6,93333 4242487 7650004236885 —061 0548
[cells/mm?]
Neutrophils 515334926072 480675 +136588 ~065 0524
[x10%/uL]
Lymphocytes 510300450817  231063+90228  ~034 0741
[x10%/uL]

Table 2 - continuation

Variable HbA1c < 8%
Eosinophils
[x103/uL] 407.22 +418.14
Monocytes
x10/ul] 127.89 +79.16
Basophils
[x103/uL] 0.00 +0.00
RBC count
[million cells/mm?] 439 041
ESR
[mm/h] 2433 £2544
PLT
[x10°/mm?] 222 +0.94
pPCv
[9%] 38.97 £3.50
hs-CRP
[mg/L] 16.68 +31.75
Creatinine
[mg/dl] 0.77 £0.11
Total cholesterol
[mg/dL] 215.78 £23.60
HDL
[mg/dL] 49.94 +7.77
LDL
[mg/dL] 113.89 +27.86
VLDL
[mg/dL] 51.69 +17.48
Triglycerides
[mg/dL] 25844 +87.38
RBS
[mg/dL] 152,73 £1343
FPG
[mg/dL] 145.01 £16.75
Fasting insulin
[WiU/mL] 221241968
i 792 +6.72
Number of teeth 26.70 £1.30
present
Gl 253+0.14
Pl 2734034
i 4.62 +£0.85
[mm]
o 3.59+0.20
[mm]
PRF clot weight 5234068
lg]
PRF preparation
time 1533 +£2.24
[min]
HAS
[mL] 1.78 +£0.66

HbA1c = 8%

315.13 £222.68

21750 £159.71

0.00 +0.00

5.08 £0.52

25.75+34.18

1.63 +£0.71

44.76 +4.03

499 £6.74

0.94 +£0.31

212.50 +45.53

4640 £11.81

116.88 £26.95

73.60£92.19

368.00 +460.94

231.07 £42.65

165.14 £36.27

13.06 +10.86

5444443

26.57 £0.76

2.50+0.28
2.55+043

5.05+0.79

3.86 +0.54

207 £0.82

16.00 £2.14

134 +£0.32

329

t-value | p-value

0.56

-1.49

NA

-3.03

-0.10

143

=317

1.02

-1.51

0.74

-0.22

-0.70

-0.70

=524

—-1.50

1.15

0.89

0.28
0.96

-1.07

-1.42

043

-0.63

1.71

0.587

0.156

NA

0.009*

0.923

0.172

0.006*

0.325

0.151

0.852

0471

0.826

0.494

0494

<0.001*

0.155

0.267

0.389

0.605

0.786
0.351

0.301

0.177

0.676

0.541

0.109

Data presented as M £SD.

Groups: group 1 (T2DM+/P+); group 2 (T2DM—/P+); group 3 - control

(T2DM—/P—). T2DM - type 2 diabetes mellitus; P — periodontitis.

NA - data not available; * statistically significant.
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Table 3. Pairwise comparisons between the group means for the
parameters with significant differences in ANOVA (Tukey's post hoc test)

group 1 vs. group 2 1.67 0.76 0.081
[Bk,\(_;\Lmz] group 1 vs. group 3 245 0.77 0.007*
group 2 vs. group 3 0.78 0.77 0.572
group 1 vs. group 2 8.82 361 0.048*
[Srithg] group 1 vs. group 3 8.50 3.67 0.063
group 2 vs.group 3 —0.32 3.67 0.996
group 1 vs. group 2 2.36 032 <0.001*
HbATc .
%] group 1 vs. group 3 2.53 033 <0.001
group 2 vs. group 3 0.17 033 0.854
group 1vs.group2  59.86 11.63 <0.001*
FanSg/dLJ group 1vs.group 3  66.34 11.81 <0.001*
group 2 vs. group 3 6.48 11.81 0.848
group 1vs.group 2 44.83 6.43 <0.001*
[Frify/dL] group 1vs.group 3 46.20 6.53 <0.001*
group 2 vs. group 3 137 6.53 0.976
group 1 vs. group 2 115 1.58 0.748
IR group 1 vs. group 3 427 1.61 0.028*
group 2 vs. group 3 3.12 1.61 0.138
group 1 vs. group 2 0.38 0.09 0.001*
Gl group 1 vs. group 3 147 0.10 <0.001*
group 2 vs. group 3 1.09 0,10 <0.001*
group 1 vs. group 2 0.40 0.1 0.003*
PI group 1 vs. group 3 1.49 0.12 <0.001*
group 2 vs. group 3 1.09 0.12 <0.001*
group 1 vs. group 2 0.50 0.19 0.032*
F:waﬂ group 1 vs. group 3 2.80 0.20 <0.001*
group 2 vs. group 3 2.30 0.20 <0.001*
group 1 vs. group 2 0.70 0.11 <0.001*
[Crﬁtﬂ group 1 vs. group 3 327 0.12 <0.001*
group 2 vs. group 3 2.57 0.12 <0.001*
group 1vs.group 2 —0.68 0.27 0.038*
[PgF;F clot weight group Tvs.group3 —1.04 027 0.001*
group 2vs.group 3 —0.36 0.27 0.371
PRF preparation group 1 vs. group 2 1.65 043 0.001*
time group 1 vs. group 3 1.65 044 0.001*
Ll group 2vs.group3  0.00 044 1.000

Groups: group 1 (T2DM+/P+); group 2 (T2DM—/P+); group 3 — control
(T2DM—/P-). T2DM - type 2 diabetes mellitus; P — periodontitis.
MD - mean difference; SE - standard error; * statistically significant.

The intergroup comparisons of the concentrations
of inflammatory markers (human IL-6, RETN, TNF-a,
IL-1B, and IL-1ra) and growth factors (human IGF-1,
TGEF-B1, PDGEF-BB, and FGF-21) in serum, PRF and HAS
in periodontitis patients with or without T2DM, as well as
in healthy participants, are summarized in Table 4.

The correlations of the weight of PRF and HAS with
periodontal and glycemic parameters, as well as the
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correlations of periodontal parameters with glycemic pa-
rameters, are summarized in Tables 5 and 6, respectively.
The results suggest that PRF exhibited a strong negative
correlation with GI, PI, PPD, CAL, HbA1lc, RBS, and FPG,
indicating that as these parameters increased, the weights
of PRF and HAS decreased.

Discussion

The present observational study evaluated variations
in the levels of cytokines in the PRF and HAS obtained
from periodontitis patients with or without T2DM, in
comparison with healthy individuals (no periodontitis
and no T2DM). Primarily, it was observed that periodon-
titis, with or without T2DM, may influence the concen-
trations of the inflammatory markers and growth factors
released from platelet concentrates. Secondarily, it was
also observed that the T2DM+/P+ status may influence
the weight of platelet concentrates.

Although the influence of centrifuge characteristics
has already been studied in detail,3*3* to the best of the
authors’ knowledge, this is the first study to evaluate
both the quantity and quality of PRF and HAS in terms
of 5 inflammatory markers and 4 growth factors, while
also correlating the weight of platelet concentrates with
periodontal and glycemic parameters in quadragenarian
(40-50-year-old) individuals.

The present study showed no significant differences in
the TNF-q, IL-1Ra, IGF-1, and FGF-21 levels in the se-
rum, PRF and HAS obtained from the participants across
the 3 groups. Consistent with previous reports,!>3>3¢
the TGF-f level was significantly higher in the healthy
T2DM-/P- group, whereas the inflammatory marker IL-
1P was elevated in the diseased groups 1 and 2, as com-
pared to healthy individuals, across serum, PRF and HAS.
Gupta et al. reported a significant impact of periodontitis
and diabetes on 2 growth factors — TGF-p1 and PDGF-BB
— and on the three-dimensional (3D) structure of PRE.!®
Unlike Gupta et al., where the study population was strati-
fied by age groups,!® the present study was conducted in
a narrowly defined cohort to minimize the potential in-
fluence of diabetes-associated complications and other
comorbidities on the outcomes.

Singh et al. reported that the mean age of patients with
T2DM presenting to a tertiary care center in North India
was 49.03 +0.49 years, with most patients falling within
the 40-50-year age group.’” In line with previous re-
ports,38-4 the present study also observed a mean age
of 44—46 years for early-onset T2DM.

Both autologous PRF and HAS are considered to pos-
sess biological healing properties owing to their cy-
tokine content. Similar to Narayan and Malaiappan,*
the present study also quantitatively analyzed PRF and
HAS in T2DM+/P+ (group 1), T2DM-/P+ (group 2)
and T2DM-/P- (group 3), and observed a significantly
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Table 4. Intergroup comparison of the concentrations inflammatory markers and growth factors (in picograms [pgl) in serum, platelet-rich fibrin (PRF) and
hyperacute serum (HAS) from chronic periodontitis patients with or without type 2 diabetes mellitus (T2DM) (ANOVA)

Inflammatory markers and growth factors

IL-6

RETN

TNF-a

IL-18

IL-1ra

IGF-1

TGF-B1

PDGF-BB

FGF-21

serum
PRF
HAS
serum
PRF
HAS
serum
PRF
HAS
serum
PRF
HAS
serum
PRF
HAS
serum
PRF
HAS
serum
PRF
HAS
serum
PRF
HAS
serum
PRF
HAS

T2DM+/P+
34.62 £34.54
25.76 £29.00
26.14 £4.02
380.21 £121.80
369.50 £172.66
1,027.47 £909.93
51.07 £5.09
44.89 £6.67
4892 +7.24
24.14 £4.56
21.89 £3.66
26.11 £5.83
276.74 £82.09
140.15 +£33.93
298.75 +£100.21
13.07 £5.06
7.38 £0.69
12.26 +3.31
24.77 £20.13
60.86 +40.86
13.20 £5.26
25445 £57.65
2,438.93 +1,309.21
2,437.03 £973.85
760.18 +87.72
1,004.26 £632.31
588.36 +189.25

T2DM-/P+
46.94 £78.57
15.30+2.28
22.83 £4.26
34781 £125.07
2,259.40 £2,249.21
538.19 +£383.81
46.98 £5.83
4239+7.13
46.34 £2.52
19.77 £3.11
24.01 £4.07
26.06 +£7.15
23331 +64.82
13851 +£32.02
256.20 +54.79
1042 +3.33
7.37 £1.44
11.37 £3.19
27.05+22.17
56.63 £5.87
13.85 +6.46
4,257.06 £1,054.11
3,771.52 £1,094.54
4,705.28 £1,291.78
867.73 +275.68
1,635.06 £514.82
641.21 £140.40

T2DM—/P—
52.25+87.55
14.29 £2.52
20.54 £4.25
282.32 +£106.97
1,375.47 £858.04
2,545.60 £2,327.43
51.14+8.23
3848 +4.75
49.77 £7.78
2407 £11.64
18.97 £3.21
2048 £4.79
24705 +110.32
120.63 £26.90
280.83 +85.57
12.25 £341
6.76 £1.04
1417 £7.81
27.38 £5.00
149.87 +68.30
1644 £4.63
3,781.45 £1,160.10
3,580.20 £999.92
4,143.75 +£1,292.39
802.94 +277.62
1,248.07 £606.24
754.73 £499.35

F-value

0.15
1.28
4.08
1.60
4.14
4.63
1.20
2.38
0.72
1.02
4.28
262
0.58
1.09
0.61
1.03
0.95
0.67
0.06
11.75
0.88

5247

358
8.79
0.49
2.65
0.64

p-value

0.864
0.297
0.030*
0.222
0.028*
0.020*
0.319
0.114
0.496
0.377
0.026*
0.094
0.570
0.352
0.554
0.373
0.401
0.520
0.943

<0.001*

0429

<0.001*

0.043*
0.001*
0.617
0.091
0.536

Data presented as M £SD.

Groups: group 1 (T2DM+/P+); group 2 (T2DM—/P+); group 3 — control (T2DM—/P—). T2DM - type 2 diabetes mellitus; P — periodontitis.

IL — interleukin; RETN — resistin; TNF-a — tumor necrosis factor-alpha; IL-1ra — interleukin-1 receptor antagonist; IGF-1 — insulin-like growth factor-1;
TGF-31 - transforming growth factor-beta 1; PDGF-BB - platelet-derived growth factor-BB; FGF-21 - fibroblast growth factor-21; * statistically significant.

Table 6. Correlation between periodontal parameters and glycemic
parameters

Table 5. Correlation between the weight of platelet-rich fibrin (PRF) and
hyperacute serum (HAS) and periodontal and glycemic parameters

Correlation r-value p-value Glycemic | Correlation Periodontal parameters
Gl -0454 0.001* parameters | indicators
PI —0440 0.001% oA rvalue 0543 0515 0580 0584
* c
PPD —0427 0.002 pvalue  0000* 0000 0000  0000*
— *
PRF Col Lok 0001 r-value 0461 0.445 0513 0.521
HbA1c -0.407 0.003* RBS
e e pp— p-value 0.001* 0.001* 0.000* 0.000*
PG 0464 0001* - r-value 0475 0476 0479 0.507
fasting insulin ~0.066 0,646 p-value 0000 0000  0000*  0.000%
Gl —0.166 0.249 Fasting r-value 0323 0357 0.259 0.278
Pl -0.118 0415 insulin p-value 0.022* 0.011* 0.070 0.051
PPD -0.185 0.199 r-value 0387 0429 0.341 0.354
IR
G CAL —0.176 0221 pvalue  0006* 0002  0015%  0012*
HbA1c -0.270 0.058
RBS 0367 0.009* * statistically significant.
FPG —0.230 0.109
fasting insulin 0.188 0.190

* statistically significant.
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higher PRF weight in healthy individuals as compared
to T2DM+/P+ and T2DM-/P+ patients. Based on these
findings, it can be hypothesized that chronic inflamma-
tory conditions may influence the quantity of PRF and
HAS. These results are consistent with previous studies
suggesting alterations in PRF constituents in T2DM+/P+
patients.!>3242

In contrast to Das and Janardhana Amaranath, who re-
ported higher leukocyte and platelet counts and a larger
size of advanced PRF (A-PRF) in uncontrolled T2DM
female subjects as compared to healthy individuals and
tobacco smokers,* the findings of the present study are in
agreement with those of Gupta et al.!®

Another important finding of the study was the lon-
ger duration (14 min) required for the procurement
of PRF, as compared to the standard established protocol
of 10-12 min. This may be attributed to the use of pre-
sterilized 9-mm plastic vacutainers for PRF preparation
in the present study. Thus, the findings are in agreement
with previous studies suggesting that the time required
to prepare PRF in plastic tubes is considerably longer
than that in glass tubes or glass-coated plastic tubes.*3-%
More interestingly, another notable observation was
the longer time required for PRF procurement in the
T2DM+/P+ group patients as compared to non-diabetic
patients — with or without periodontitis. This suggests
a potential impact of systemic inflammatory conditions
in T2DM+/P+ (group 1) patients.!>46

The present study comprehensively explains the rela-
tionship between T2DM, periodontitis, and wound heal-
ing potential. It also highlights several important clini-
cal implications. Significantly lower mean PRF weight
and reduced mean levels of growth factors (TGF-B1 and
PDGEF-BB) in serum, PRF, and HAS in diabetic patients
support the impaired or delayed wound healing common-
ly observed in T2DM, which may be further exacerbated
by the presence of periodontitis. Thus, the determination
of growth factors in PRF and HAS may be particularly
beneficial in the management of diabetic patients with
periodontal disease using PRF, and may provide insights
into future therapeutic approaches. Baran et al., in an ani-
mal study, reported an enhanced regenerative capacity
with photomodulation,*” which could be further explored
in the context of the PRF obtained from T2DM+/P+
patients.

One limitation of the study was the small number
of participants. The extensive experimental require-
ments, including the analysis of 9 markers, limited the
inclusion of a larger sample size. Another limitation was
the lack of inclusion of T2DM patients without peri-
odontitis, which would have provided a more robust
comparison to better understand the interplay between
T2DM and periodontitis. However, all participants were
within the age group of 40 to 50 years and were recruited
from the Department of Periodontology, where patients
primarily report for the management of periodontal
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diseases. Therefore, a group of T2DM patients without
periodontitis could not be included. Previous studies
have reported that the prevalence of periodontitis in
established T2DM patients exceeds 90% in the North
Indian population.?” Furthermore, the referral of T2DM
patients without periodontitis for oral health evaluation
remains uncommon in the Indian subcontinent, possi-
bly due to a lack of collaborative practice between physi-
cians and other healthcare professionals.*®

Conclusions

Within the limitation of the narrow age selection of par-
ticipants, which may have underestimated the inflamma-
tory and growth factor levels, it can be surmised from the
present study that periodontitis along with T2DM may
have detrimental effects on the regenerative potential
of PRF and HAS. The present study demonstrated signifi-
cantly lower mean levels of PDGF and TGF-f1 in the PRF
obtained from the participants in the T2DM+/P+ group
as compared to the T2DM-/P+ and T2DM-/P- (control)
groups (p = 0.043 and p < 0.001, respectively). Furthermore,
a statistically significantly higher mean PRF weight was ob-
served in the T2DM-/P- group (3.20 +0.78 g), followed by
the T2DM+/P+ group (2.16 +0.73 g), and the T2DM-/P+
group (2.84 +0.83 g) with the lowest value. These prelimi-
nary findings may serve as a basis for further multicenter
studies with larger sample sizes.

Ethics approval and consent to participate

The study protocol (## V1IPE21122020R) was approved
by the Institutional Research and Development Com-
mittee (IRDC) and the Institutional Human Ethics Com-
mittee (IHEC) at Saraswati Dental College and Hospital,
Lucknow, India. Written informed consent was obtained
from all the participants.
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