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A B S T R A C T

Aim: Chronic periodontitis (CP), a prevalent inflammatory dental disease, has been linked to systemic conditions 
like Type 2 Diabetes Mellitus (T2DM). This systematic review and meta-analysis aimed to evaluate resistin levels 
in the Gingival Crevicular Fluid (GCF) of CP individuals with T2DM. The objective was to determine if resistin 
could be a potential biomarker for periodontal disease in T2DM individuals.
Methods: The review included data from seventeen clinical studies that investigated resistin levels in GCF of 
individuals diagnosed with CP and T2DM. Data were sourced from PubMed, Scopus, and EBSCOhost, selected for 
their extensive coverage of medical and dental research, ensuring thorough retrieval of relevant studies. From the 
initial seventeen studies, five complied with the strict inclusion criteria for meta-analysis.
Results: Using a comprehensive meta-analysis, the significance of GCF Resistin levels in individuals with CP and 
T2DM relative to the healthy groups was examined. In addition, a meta-analysis was carried out to look into the 
relationship between periodontal probing depth (PPD) and CP and T2DM. The results indicated that individuals 
with T2DM and CP had significantly higher GCF resistin levels than the other groups. Furthermore, the PPD in 
T2DM with CP was significantly greater than in the other groups.
Conclusion: The present review highlights the potential role of resistin as a biomarker to diagnose individuals 
with chronic periodontitis and T2DM.
Clinical significance: The significantly elevated levels of resistin suggest that resistin could serve as a potential 
biomarker for T2DM in individuals with CP. This could lead to improved methods of early diagnosis and 
treatment, which could enhance individual outcomes and quality of life.
Prospero registration: The registration number CRD42023467186.

1. Introduction

Chronic Periodontitis(CP), the sixth complication of diabetes melli
tus (DM) exhibits a two-way relationship with the latter.1 Studies have 
confirmed that altercations in the microflora coupled with disabled 
neutrophil functioning and compromised wound healing make DMa risk 
factor for periodontal disease.2–4 The results of a detailed meta-analysis 
further support this interrelationship.5 The continuous low-grade in
fectious state created due to chronic periodontitis,6 indirectly affects 
insulin sensitivity.7

There is a paradigm shift from clinical diagnosis to molecular diag
nosis. With the presently available diagnostic tests and techniques, 

operator bias still exists and may vary between clinicians. Hence a more 
objective form of assessment is the need of the hour.8

Molecular biomarkers are known to be expressed during an infec
tious state. The evaluation of these molecular mediators can not only 
help clinicians to diagnose the disease process but it could also help in 
monitoring the response to treatment.

A hypothesis has been established that inflammation, lipids, and 
adipokines may foster the relationship between periodontitis and Type 2 
Diabetes Mellitus (T2DM).9 People with diabetes are two to three times 
more likely to develop periodontitis compared to those without dia
betes.10 It further indicated that Type 2 diabetes mellitus (T2DM) in
creases the risk of developing periodontitis by 34 %. This increased risk 
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is closely linked to the level of blood sugar control. Conversely, sys
temically healthy individuals who have periodontitis often show higher 
levels of glycated haemoglobin (HbA1c) and fasting blood glucose, 
suggesting that severe periodontitis can elevate the risk of developing 
diabetes.11

Given how DM affects CP individuals, the relationship between CP 
and DM highlights the necessity for accurate diagnostic markers to 
forecast the course of oral disorders. Good diagnostic indicators are 
necessary to predict the course of oral disorders, and treating diabetes 
individuals’ periodontitis can improve their glucose management. 
Insulin-like growth factor 1 (IGF-1) and insulin-like growth factor 
binding protein 2 (IGFBP-2) are two specific markers that have been 
established to identify the coexistence of CP and DM.12 According to a 
study, pancreatic diabetes, and pancreatic ductal adenocarcinoma 
(PDAC) may be distinguished from one another using biomarkers. IGF-1 
may be able to tell if pancreatic diabetes is caused by PDAC or CP 
Furthermore, in the presence of DM, these markers might aid in differ
entiating between CP and PDAC.13 Additionally, studies are being done 
to understand better and identify the many phases of diabetes and its 
consequences through the use of novel biomarkers like proteins, me
tabolites, cytokines, and adipokines, including potential implications for 
coexisting conditions like CP.14

Due to its critical function in controlling the interaction between 
inflammation, lipids, and adipokines, resistin, an adipocytokine also 
known as Found in Inflammatory Zone 3 (FIZZ3) or Adipocyte-Specific 
Secretory Factor (ADSF), has attracted increased attention in the context 
of DM and CP.15,16 Resistin was unintentionally found in 2001 by 
Steppan et al. while researching adipocyte differentiation. When 
thiazolidinediones—a type of medication mostly used to improve insulin 
sensitivity in the treatment of diabetes—are introduced, resistin is 
noticeably downregulated in mature adipocytes.17

Resistin regulates diabetes, obesity, cardiovascular diseases (CVDs), 
atherosclerosis, and prediabetes in significant ways. Resistin may play 
therapeutic and diagnostic roles in inflammatory illnesses through 
serum. Increased resistin levels have been linked to the onset of insulin 
resistance, diabetes, and atherosclerosis, according to epidemiological 
and genetic research.18 The mechanisms underlying resistin’s impact on 
insulin resistance in humans remain unclear. Similar to related rodent 
studies,19,20 in vitro studies have shown that recombinant human 
resistin could induce insulin resistance through 5′AMP-activated protein 
kinase (AMPK)-dependent and AMPK-independent suppressor of cyto
kine signaling-3 (SOCS-3) signaling pathways in Hepatoblastoma 
(HepG2) cells.21 Furthermore, given the location of resistin in human 
mononuclear cells, inflammation may be the mechanism that connects 
resistin with insulin resistance. Previous research has demonstrated the 
involvement of resistin in pro-inflammatory mechanisms. Resistin’s 
expression has been linked to the production of pro-inflammatory cy
tokines like Tumor Necrosis Alpha (TNF-α) and interleukin-6 (IL-6) ac
cording to in vitro studies.22,23 Additionally, resistin may stimulate the 
expression of pro-inflammatory cytokines like (TNF-α) and Interleukin 6 
(IL-6) via the nuclear factor-kappa B (NF-κB, p50/p65) signaling 
pathway.24

This discovery highlights the potential role of human resistin in 
inflammation and insulin resistance through a unique mechanism. 
Elevated resistin levels are linked to both pro-inflammatory effects and 
insulin resistance, and a comprehensive review has correlated resistin to 
chronic periodontitis (CP).25

However, a thorough investigation of the relationship between Type 
2 Diabetes Mellitus (T2DM) and CP—particularly concerning resistin 
levels in gingival crevicular fluid—has yet to be conducted. Recognizing 
this gap, we designed a meta-analysis to evaluate resistin as a potential 
biomarker for T2DM individuals with CP. Additionally, our study ex
amines the relationship between periodontal probing depth in CP in
dividuals, both with and without T2DM.

2. Methods

2.1. Study design

A systematic review and meta-analysis were undertaken to explore 
the correlation between resistin levels in GCF of teeth and the incidence 
of T2DM and CP. This review was meticulously structured in alignment 
with the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines.26 The study protocol was registered in 
PROSPERO with the registration number CRD42023467186, ensuring a 
structured and transparent approach (Fig. 1). Comprehensive assess
ments were carried out on full-text articles published in the period 
spanning from 1980 to 2023. This exhaustive research process was 
conducted over one year, from November 1, 2023 to October 30, 2024.

2.2. Research question

The literature search was guided by the following question: “could 
the elevated levels of resistin in GCF help to distinguish the healthy 
individuals from T2DM individuals with CP?"

The search strategy was prepared based on Population/Problem, 
Exposure/Intervention, Comparison/Control, and Outcome (PECO). The 
interested population (P) was individuals who tested resistin biomarker 
level in GCF, exposure (E) was type 2 diabetes mellitus and CP, com
parison (C) was healthy individuals and healthy oral condition, without 
any systemic disorders and outcome (O) was increased resistin levels in 
GCF (primary), periodontal probing depth (secondary), included study 
design was clinical studies (observational, cohort, prospective, and 
randomised control trials)

2.3. Inclusion criteria

(a) Clinical human observational studies and randomized clinical 
trials evaluating Resistin levels in human GCF to ensure the reliable and 
relevant evidence for clinical practice, (b) Clinical studies where the test 
individuals were diagnosed with CP and T2DM, (c) Studies that used a 
commercially available ELISA kit to analyze the levels of Resistin.

During the electronic and manual search processes, three in
vestigators (A.G., A.K.D., and M.M.) reviewed the titles and abstracts of 
the publications. Publications not meeting the inclusion criteria were 
excluded at this stage. Subsequently, all remaining articles were 
retrieved and meticulously screened by a senior researcher (D.A.) to 
reach a consensus on their suitability for inclusion in the review.

2.4. Exclusion criteria

(a)Animal studies, (b) Studies not using gingival crevicular fluid as 
the test sample, (c) Studies that did not analyze Resistin, (d) narrative 
reviews, (e) Studies that did a qualitative analysis.

2.5. Information sources and search strategy

In conducting a comprehensive search, specific keywords were 
employed: “Resistin,” “gingival crevicular fluid,” “chronic periodonti
tis,” and “Diabetes Mellitus.” The devised search strategy was detailed as 
follows: (“resistin"[MeSH Terms] OR “resistin"[All Fields]) AND 
(“chronic periodontitis"[MeSH Terms] OR (“chronic"[All Fields] AND 
“periodontitis"[All Fields]) OR “chronic periodontitis"[All Fields]) AND 
(“gingival crevicular fluid"[MeSH Terms] OR (“gingival"[All Fields] 
AND “crevicular"[All Fields] AND “fluid"[All Fields]) OR “gingival 
crevicular fluid"[All Fields]) AND (“diabetes mellitus"[MeSH Terms] OR 
(“diabetes"[All Fields] AND “mellitus"[All Fields]) OR “diabetes melli
tus"[All Fields]) [Table 1].

This strategy was tailored by (D.A., A.G., A.K.D. and M.M.) to ensure 
a thorough and focused retrieval of relevant literature. The search for 
relevant literature extended across multiple databases, including 
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PubMed, Scopus, EBSCO, and clinical trial registry and was not con
strained by language or publication year, covering all available litera
ture up until May 30, 2024. A detailed summary of the search results 
from these databases is presented in [Table 1]. To further complete the 
research, a search for grey literature was conducted in OpenGrey and 
bibliography of included studies. Two investigators (A.G and A.K.D.) 
undertook a manual search through the references of the qualifying 
studies to identify additional pertinent studies. In instances where 
further information about a study or any other aspect was required, the 
authors of the relevant papers were contacted. For any arising un
certainties or questions, a senior investigator (D.A.) provided the 
necessary clarification.

2.6. Study selection and data collection process

The search strategy finalized in PubMed was meticulously applied to 
the three databases, with careful adherence to the pre-defined inclusion 
and exclusion criteria. Each study was thoroughly examined two to three 
times by three investigators individually (A.G., A.K.D., and M.M.) to 
ensure accuracy, completeness and duplicate removal. The data from 
these studies were then systematically gathered and entered into a 
Microsoft 365 Office-powered Excel sheet. After the careful compilation 
of data, a detailed table [Tables 2 and 3] was constructed to facilitate 
further analysis. In cases of any disagreements, a consensus was reached 
among the reviewers to resolve disputes.

2.7. Risk of bias assessment

Two investigators (A.G., and A.K.D.) meticulously carried out the 

data collection and screening process, in strict adherence to the estab
lished inclusion criteria. The quality of the observational studies 
included in this systematic review was evaluated by two researchers 
using the Newcastle-Ottawa Scale (NOS), which operates on a scoring 
system ranging from 0 to 9 points. The NOS serves as an evaluative in
strument designed to assess the risk of bias inherent in observational 
studies comprising four distinct domains pertaining to risk of bias 
evaluation. The risk of bias of the included randomised controlled trial 
by Rode et al. was assessed using the Cochrane RoB-2-tool.29 Each study 
was independently evaluated for each of the questions and assigned the 
closest answer by the two independent evaluators (A.G and A.K.D.). 
Following their assessments, all issues identified were collectively dis
cussed to ensure a comprehensive evaluation. In instances of any dis
crepancies or disagreements, the final consensus was achieved by the 
intervention of a senior examiner (D.A.) who also acted as a mediator to 
resolve any differences effectively.

2.8. Summary measures and synthesis of results

Continuous data from eligible studies were only included in the 
meta-analysis. The continuous primary outcomes; GCF levels and peri
odontal probing depth (PPD) individual as well as the combined effect 
were assessed using the standardized mean difference (SMD) with 95 % 
CI which is equal mean difference divided by the pooled standard de
viation. SMD greater than zero is considered as raised in the values 
whereas less than zero is regarded as a decline in the values. This effect 
size was considered small (0.2), medium (0.5), and large (0.8). Het
erogeneity was examined by inspecting the forest plot and using the 
statistical test Q-test and I-square. The random-effect model using the 
DerSimonian and Lard approach was used to perform the meta-analysis 
pooled effect because of high heterogeneity. All analyses were con
ducted using the RevMan 5.3 (Review Manager v.5.3; Copenhagen: The 
Nordic Cochrane Centre, The Cochrane Collaboration 2014).

3. Results

In this systematic review, a comprehensive search across three da
tabases (PubMed, EBSCOhost, Scopus) yielded 17 studies. After 
removing the duplicates, a pool of five studies remained for further 
scrutiny. These studies were then meticulously evaluated against the 
predefined eligibility and inclusion criteria, with the process and out
comes detailed by the updated PRISMA guidelines, as illustrated in 
Fig. 1.

The EndNote Basic Software (Thomson Reuters, New York, NY) was 
utilized for efficient reference management and duplicate elimination.

3.1. Risk of bias analysis

The Newcastle-Ottawa Scale (NOS) used to evaluate and categorise 
the quality of the observational studies (Fig. 2). After converting the 
results of the NOS to AHRQ standards, three out of four observational 
studies were designated as “Good quality studies,” and one was regarded 
as “poor quality study” in terms of quality scoring. The scores ranged 
from a minimum of 5 to a maximum of 8 stars. Most studies exhibited the 
lowest levels of comparability between cohorts, based on either design 
or analysis. Most of the studies did not address confounders like oral 
hygiene, previous dental history, habit of smoking etc.

RoB assessment for the study by Rode et al. presents a “high RoB” as 
illustrated in Fig. 2.29 Although the study design of the aforementioned 
study was a randomized controlled trial (RCT), the randomization of the 
included sample into the Healthy, chronic periodontitis, and chronic 
periodontitis with diabetes mellitus groups was not explained and would 
not have been possible. However, it is important to note the presence of 
heterogeneity among the included studies, among the six meta-analysis 
models it varies from 52 % to 97 %. This high level of heterogeneity 
underscores the need for a cautious interpretation of the pooled results 

Table 1 
Search Strategy results.

Data base Search strategy n

PubMed (“resistin"[MeSH Terms] OR “resistin"[All Fields]) AND 
(“chronic periodontitis"[MeSH Terms] OR (“chronic"[All 
Fields] AND “periodontitis"[All Fields]) OR “chronic 
periodontitis"[All Fields]) AND (“gingival crevicular 
fluid"[MeSH Terms] OR (“gingival"[All Fields] AND 
“crevicular"[All Fields] AND “fluid"[All Fields]) OR “gingival 
crevicular fluid"[All Fields]) AND (“diabetes mellitus"[MeSH 
Terms] OR (“diabetes"[All Fields] AND “mellitus"[All Fields]) 
OR “diabetes mellitus"[All Fields])

05

EBSCOhost (“resistin"[MeSH Terms] OR “resistin"[All Fields]) AND 
(“chronic periodontitis"[MeSH Terms] OR (“chronic"[All 
Fields] AND “periodontitis"[All Fields]) OR “chronic 
periodontitis"[All Fields]) AND (“gingival crevicular 
fluid"[MeSH Terms] OR (“gingival"[All Fields] AND 
“crevicular"[All Fields] AND “fluid"[All Fields]) OR “gingival 
crevicular fluid"[All Fields]) AND (“diabetes mellitus"[MeSH 
Terms] OR (“diabetes"[All Fields] AND “mellitus"[All Fields]) 
OR “diabetes mellitus"[All Fields])

07

Scopus (“resistin"[MeSH Terms] OR “resistin"[All Fields]) AND 
(“chronic periodontitis"[MeSH Terms] OR (“chronic"[All 
Fields] AND “periodontitis"[All Fields]) OR “chronic 
periodontitis"[All Fields]) AND (“gingival crevicular 
fluid"[MeSH Terms] OR (“gingival"[All Fields] AND 
“crevicular"[All Fields] AND “fluid"[All Fields]) OR “gingival 
crevicular fluid"[All Fields]) AND (“diabetes mellitus"[MeSH 
Terms] OR (“diabetes"[All Fields] AND “mellitus"[All Fields]) 
OR “diabetes mellitus"[All Fields])

05

Grey 
literature

(“resistin"[MeSH Terms] OR “resistin"[All Fields]) AND 
(“chronic periodontitis"[MeSH Terms] OR (“chronic"[All 
Fields] AND “periodontitis"[All Fields]) OR “chronic 
periodontitis"[All Fields]) AND (“gingival crevicular 
fluid"[MeSH Terms] OR (“gingival"[All Fields] AND 
“crevicular"[All Fields] AND “fluid"[All Fields]) OR “gingival 
crevicular fluid"[All Fields]) AND (“diabetes mellitus"[MeSH 
Terms] OR (“diabetes"[All Fields] AND “mellitus"[All Fields]) 
OR “diabetes mellitus"[All Fields])

00

The search was performed on November 21, 2023.
MeSH: Medical Subject Headings.
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Table 2 
Characteristics of the studies included.

S. 
No.

Author year and 
journal

Number of 
groups

Age 
group

Control 
group

Method of GCF 
collection

Method of 
evaluation

Resistin 
levels in 
GCF of 
healthy 
controls 
(ng/ml)

Resistin 
levels in 
GCF of 
patients 
with CP 
(ng/ml)

Resistin 
levels in 
GCF of 
patients 
with CP 
and Type 
2 DM

p Inference

1. Hiroshima Y, et J 
Periodontal Res. 
201227

Gr P (n = 24): 
Patients with 
CP and no 
systemic 
disease 
Gr DM-P (n =
18) Type 2 DM 
+ CP 
Gr H (n = 21) 
healthy 
controls with 
no systemic 
disease and 
oral disease

29–78 
years 
(mean 
of 
56.4)

YES 
(healthy 
controls 
with no 
systemic 
and oral 
diseases)

Periopaper ELISA 0.78 +
0.61

2.55 +
2.04

1.84 +
1.97

<0.05 the resistin 
levels in GCF of 
patients with CP 
and Type 2 DM 
are significantly 
raised 
compared to 
healthy controls

2. Patel SP et al. 
Contemp Clin 
Dent. 201328

Gr1 (n = 24): 
healthy 
controls with 
no systemic or 
oral disease 
Gr2 (n = 24): 
CP with 
uncontrolled 
diabetes 
Gr3 (n = 24): 
Type 2 DM 
controlled with 
CP 
Gr 4 (n = 24): 
CP with no 
systemic 
disease

29–51 
years

YES 
(healthy 
controls 
with no 
systemic 
and oral 
diseases)

Microcapillary 
method

ELISA 4.75 +
1.81

9.25 +
3.3

7.58 +
2.96

<0.05 the resistin 
levels in GCF of 
patients with CP 
and Type 2 DM 
are significantly 
raised 
compared to 
healthy controls

3. Rode PA, J 
Indian Soc 
Periodontol. 
201929

Gr 1 (n = 20) 
Healthy with 
no systemic or 
oral disease 
Gr 2 (n = 20) 
CP with no 
systemic 
disease 
Gr 3 (n = 20) 
CP + Type 2 
DM

35–65 
years

YES 
(healthy 
controls 
with no 
systemic 
and oral 
diseases)

Microcapillary 
method

ELISA 0.15 +
0.15

1.55 +
0.75

2.43 +
0.62

<0.0001 the resistin 
levels in GCF of 
patients with CP 
and Type 2 DM 
are significantly 
raised 
compared to 
healthy controls

4. Govindaraj et al. 
Bioinformation. 
202130

Gr 1(n = 20): 
healthy with 
no systemic or 
oral disease 
Gr2 (n = 20): 
CP with no 
systemic 
disease 
Gr3 (n = 20): 
Type 2 DM 
with no CP 
Gr 4 (n = 20): 
Type 2 DM plus 
CP

35–65 
years

YES 
(healthy 
controls 
with no 
systemic 
and oral 
diseases)

Microcapillary 
method

ELISA 0.001 +
0.001

0.001 +
0.001

0.0014 +
0.001

<0.0001 The resistin 
levels in GCF of 
patients with CP 
and Type 2 DM 
are significantly 
raised 
compared to 
healthy controls

5. Gokhale NH 
et al., J 
Periodontol. 
201431

Gr 1 (n = 15): 
Healthy 
controls with 
no systemic or 
oral diseases 
Gr 2 (n = 15): 
CP with no 
systemic 
disease 
Gr 3(n = 15): 
Type 2 DM 
with no CP 

>35 
years

YES 
(healthy 
controls 
with no 
systemic 
and oral 
diseases)

Microcapillary 
method

ELISA 0.01 +
0.005

0.02 +
0.01

0.04 +
0.01

0.05 the resistin 
levels in GCF of 
patients with CP 
and Type 2 DM 
are significantly 
raised 
compared to 
healthy controls

(continued on next page)
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and suggests the potential influence of varying non-randomized trials 
and adjustment of different potential confounders or populations on the 
outcomes.

Six meta-analyses with sub-group analysis [Figure no 3-8] were done 
to get a comprehensive understanding of the relationship between GCF 
resistin levels and CP with T2DM. In all the six meta-analyses a random 
effect model was applied due to the presence of high heterogeneity.

The forest plot comprising 5 studies reveals that, when the T2DM 
group was compared with the healthy control, the pooled GCF levels of 
resistin had a significantly large effect size in CP plus T2DM compared to 
healthy controls [SMD = 1.82(95 % CI: 1.45 to 2.18); p < 0.00001) and 
had a high value of heterogeneity (I2) of 92 %. Likewise, there was 
significant difference between them in sub-group analysis (p < 0.00001) 
(Fig. 3).

When the pooled GCF values of resistin were significantly raised with 
a large effect size in CP individuals compared to healthy controls [SMD 
= 1.68 (95 % CI: 1.17 to 2.19); p < 0.00001] showing a large Hetero
geneity (I2) of 58 % among the studies (Fig. 4). When the pooled GCF 

levels of resistin groups with CP plus T2DM were compared to in
dividuals with CP effect size was not statistically significant, albeit the 
effect size was medium [SMD = 0.53 (95 % CI: 0.23 to 0.84) p = 0.0006) 
for the CP with T2DM. Additionally, the heterogeneity among the 
studies was high (Fig. 5).

In addition to these meta-analyses were performed for relationship 
analysis between the Periodontal Probing depth (PPD) and experimental 
groups. The pooled effect size of PPD between the CP plus T2DM vs 
healthy group was revealed to be highly significant with quite a large 
effect size [SMD = 5.29 (95 % CI: 4.58 to 6.00); p < 0.00001; I2 = 52 %) 
(Fig. 6). This effect size value was higher when CP plus T2DM was 
compared with healthy controls. The analysis for PPD in the CP vs 
healthy group revealed the pooled effect size was large and highly sig
nificant [SMD = 2.12 (95 % CI: 1.59 to 2.66; p < 0.00001] data favoring 
the CP group and heterogeneity among the studies were 97 %. However, 
the analysis for PPD in T2DM and CP vs CP revealed that the pooled 
effect size of PPD was significantly having medium effect size [SMD =
1.27(95 % CI: 0.89 to 1.65); p < 0.00001; I2 = 90 %) affected in CP 
individuals with overlying systemic disease like T2DM compared to 
individuals with CP only. The publication bias assessed through funnel 
plot diagram (Fig. 9).

3.2. GCF sample collection methodology

In the systematic review, the collection of GCF was a pivotal part of 
each study’s methodology. Among the included studies, the micro
capillary technique was predominantly used for GCF collection. This 
method involves the use of microcapillary tubes, which are carefully 

Table 2 (continued )

S. 
No. 

Author year and 
journal 

Number of 
groups 

Age 
group 

Control 
group 

Method of GCF 
collection 

Method of 
evaluation 

Resistin 
levels in 
GCF of 
healthy 
controls 
(ng/ml) 

Resistin 
levels in 
GCF of 
patients 
with CP 
(ng/ml) 

Resistin 
levels in 
GCF of 
patients 
with CP 
and Type 
2 DM 

p Inference

Gr 4 (n = 15): 
Type 2 DM plus 
CP

S. 
no.

Author Journal and 
year

PPD 
level 
for CP 
cases

CAL 
level 
for CP 
cases

Radiographic 
evidence of 
bone loss

Hb1Ac 
levels for 
Type 2 
DM

RBS 
level for 
Type 2 
DM

Method of 
collection GCF 
and volume

Number of sites Time of 
collection

Storage 
temperature of 
GCF sample

1. Hiroshima Y, et J 
Periodontal Res. 
201227

>5 mm >3 mm Yes >5.8 % >200 
mg/dL

Paper strip 
placed for 10 s

– Same day Strips diluted 
and subjected to 
ELISA test

2. Patel SP et al. 
Contemp Clin Dent. 
201328

>5 mm >3 mm Yes >7 % >200 
mg/dL

Micropipette 
with calibrated 
1–5 μL. 
Sample 
collection time 
was 10 min

1 site for 
periodontal group 
and multiple sites 
for healthy group

Subsequent day − 70 ◦C

3. Rode PA, J Indian 
Soc Periodontol. 
201929

>5 mm >5 mm Yes 6.5–7 % >200 
mg/dL

Micropipette 
with calibrated 
1–5 μL. 
Sample 
collection time 
was 10 min

1 site for 
periodontal group 
and multiple sites 
for healthy group

Same day − 20 ◦C

4. Govindaraj et al. 
Bioinformation. 
202130

>5 mm >4 mm Yes >8 % >200 
mg/dL

1 μL was 
procured from 
each site.

1 site for 
periodontal group 
and multiple sites 
for healthy group

Subsequent day 
after 
supragingival 
scaling

− 20 ◦C

5. Gokhale NH et al., J 
Periodontol. 
201431

>5 mm >3 mm Yes >6.5 % >200 
mg/dL

Micropipette 
with caliberated 
1–5 μL. 
Sample 
collection time 
was 10 min. 
Volume 
collected = 4 μL

1 site for 
periodontal group 
and multiple sites 
for healthy group

Subsequent day − 20 ◦C

Table 3 
Comparison of Resistin Levels in T2DM + CP vs CP Only Patients.

Study T2DM + CP CP Only

Gokhale et al., 2014 37.02 ± 10.94 (ng/ml) 24.55 ± 7.91 (ng/ml)
Govindraj et al., 2021 1452.4 ± 137.8 (ng/ml) 1160.2 ± 62.6 (ng/ml)
Hiroshima et al., 2012 1.84 ± 1.97 (ng/μL) 2.55 ± 2.04 (ng/μL)
Patel et al., 2013 7.55 ± 2.96 (ng/μl) 9.25 ± 3.3 (ng/μl)
Rode et al., 2019 2.434 ± 0.62 (ng/μl) 1.55 ± 0.75 (ng/μl)
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inserted into the gingival crevice to collect the fluid. The technique is 
highly regarded for its precision and minimal invasiveness, allowing for 
accurate measurement of GCF volume and constituents. An exception to 
this common method was noted where the paper strip method was 
employed.27 This alternative approach involves placing absorbent paper 
strips into the gingival crevice to absorb the GCF, which is then quan
tified and analyzed. The choice of collection method can influence the 
volume and composition of GCF obtained, thereby potentially influ
encing the study outcomes.

3.3. Confirmatory tests and results

For the analysis of GCF samples in the included studies, a commer
cially available ELISA was uniformly utilized. ELISA is a widely recog
nized technique for detecting and quantifying substances, particularly 
proteins, in various sample types. Its high sensitivity and specificity 
make it an ideal choice for biomarker analysis. Each study adhered 
strictly to the manufacturer’s instructions for the ELISA procedure, 
ensuring consistency and reliability in the assay results.

3.4. Characteristics of the studies

Patel SP and Raju PA explored the relationship between resistin 
levels in serum and GCF with periodontal inflammation and its associ
ation with single-nucleotide polymorphism (SNP) in the human resistin 
gene at − 420.28 The methodology included precise measurement of 

resistin levels using a commercially available ELISA kit in both serum 
and GCF, providing a comprehensive view of resistin’s presence and 
concentration in different bodily fluids in the context of periodontal 
health (Tables 2 and 3). The results of the study revealed a significant 
increase in resistin levels in the GCF in individuals with CP compared to 
healthy individuals. This difference pointed to the potential role of 
resistin as a marker for periodontal inflammation, indicating its 
increased presence in the context of periodontal disease.

The randomized control clinical trial conducted by Rode PA et al. 
offers significant insights into the genetic aspects of periodontal disease 
and diabetes.29 This study aimed to explore the influence of SNP on the 
expression of the resistin gene (RETN) at positions 420 and + 299 and its 
impact on resistin levels in serum and GCF in individuals with CP and 
T2DM. The investigation assessed the clinical parameters and resistin 
levels in serum and GCF in periodontally healthy individuals, who had 
CP, and those with CP and T2DM. The resistin levels were measured 
using enzyme-linked immunosorbent assays, while the RETN poly
morphism at the specified positions was genotyped using polymerase 
chain reaction’s restriction fragment length polymorphism technique. 
The results enrich our understanding of the genetic factors in peri
odontal and systemic health, suggesting the potential of genetic testing 
in the diagnosis and management of CP and T2DM, and paving the way 
for more personalized and effective treatment approaches.

Govindaraj et al., embarked on an investigation to estimate the levels 
of resistin in the GCF among various individual groups using a 
commercially available ELISA kit, focusing particularly on the 

Fig. 1. PRISMA flowchart.
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comparison between diabetic and non-diabetic individuals with chronic 
periodontitis.30

The study’s results revealed a strong positive correlation between 
GCF resistin levels and key clinical and biochemical parameters such as 
random blood sugar (RBS), Hemoglobin A1c (HbA1c), and other clinical 
indicators of periodontal health. Furthermore, the study highlighted the 
significant Resistin levels across the individual groups, with the highest 
levels observed in individuals with generalized CP and T2DM. This 
finding highlights the potential role of resistin as a biomarker for 
diabetes-related periodontitis, suggesting that elevated Resistin levels in 
GCF could be indicative of an underlying diabetic condition in in
dividuals with CP.

Hiroshima undertook a detailed investigation into the levels of 
resistin in the GCF of individuals with and without DM and additionally 
explored the mechanism of resistin release in response to Porphyromonas 
Gingivalis lipopolysaccharide in human neutrophils.27 This research 
provides a unique insight into the role of resistance in the context of 
periodontal health and diabetes. The methodology involved the collec
tion of GCF samples using periopaper strips, a standard technique for 
acquiring periodontal fluid. These samples were then analyzed using a 
commercially available ELISA kit, ensuring precise and reliable mea
surement of resistin levels. The study included subjects both with CP and 

DM, and healthy controls, allowing for a comparative analysis. A key 
finding from this study was the significantly higher mean levels of 
resistin in the GCF of individuals with CP and DM. This elevated level of 
resistin in individuals with periodontal and diabetic conditions suggests 
its potential role as an inflammatory marker specific to these diseases. 
Furthermore, the study interestingly observed that while resistin levels 
in plasma were not correlated with Hb1Ac levels, a marker for long-term 
blood glucose control, the GCF resistin levels were indeed correlated 
with periodontal inflammation. The study paves the way for future 
research to further elucidate these relationships and explore the po
tential of resistin as a biomarker for periodontal disease in diabetic 
individuals.

Gokhale NH conducted a clinical-biochemical study to analyze and 
compare the levels of resistin in the GCF of individuals with T2DM and 
CP to healthy individuals.31 The GCF was collected using the micropi
pette method and subjected to a commercially available ELISA kit. Re
sults indicated a significant increase in resistin levels in GCF of 
individuals with T2DM and CP compared to the other groups. This led 
them to conclude that resistin could be considered a potential biomarker 
for individuals with T2DM and CP.

Fig. 2. Risk of Bias assessment of included studies a) Randomised control trial studies by RoB 2.0 tool, and b) observational studies by New- Castle Ottawa 
(NOS) tool.
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3.5. Publication bias

The funnel plot represents the logit transformed proportion (effect 
size) plotted against the standard error of studies and the vertical line in 
the funnel represents the weighted mean effect size (Fig. 9). The plot 
appears somewhat asymmetric, with more studies on the right side 

(positive SMD) than on the left. The asymmetry suggests that negative or 
small-effect studies may be underreported.

4. Discussions

Clinical studies and reviews have consistently established a strong 

Fig. 3. Forest plot showing the resistin levels in GCF of chronic periodontitis individuals with type 2 Diabetes Mellitus and healthy individuals and sub- 
group analysis.

Fig. 4. Forest plot showing the resistin levels in GCF of chronic periodontitis individuals and controls and sub-group analysis.
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association between periodontal disease and DM.10,32 Research in
dicates that DM poses a risk for the onset and advancement of peri
odontal diseases.33–36 This link could propel researchers to look into 
particular biomarkers to help with the early detection of both illnesses. 
A detailed meta-analysis has further concluded the positive bidirectional 
relationship between DM and CP.37

Resistin which is an adipokine has garnered attention due to its role 
in inflammatory diseases although it was first implicated in insulin 
resistance.23 However, the research on the relationship between resistin 
and insulin resistance has yielded inconsistent results, possibly due to 

the confounding factor of obesity, which has been considered in some 
studies.38,39 A thorough meta-analysis conducted in 2016 concluded 
that obesity may not have as much of an impact on GCF proin
flammatory biomarker levels as localized periodontal inflammation.40

Hence this systematic review and meta-analysis was conducted to 
investigate the effect of T2DM and CP on the GCF levels of resistin and 
whether this adipokine could be used as a disease-specific biomarker.

The studies revealed a clear rise in Resistin levels in GCF of in
dividuals with CP and associated DM compared to the healthy controls. 
It has been recognized as a potential indicator of the local disease 

Fig. 5. Forest plot showing the periodontal probing depth of chronic periodontitis individuals and controls and sub-group analysis.

Fig. 6. Forest plot showing the resistin levels in GCF chronic periodontitis individuals with type 2 Diabetes Mellitus and chronic periodontitis and sub-group analysis.
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process, making it a valuable source for biomarker assessment. The role 
of GCF as a site-specific indicator of the disease was highlighted by 
Fatima et al. in their detailed review.41

The selected studies consistently revealed a significant increase in 
resistin levels in GCF among individuals with CP and associated DM 

compared to healthy controls, reinforcing the potential of resistin as a 
diagnostic biomarker. The inclusion of studies that conducted non- 
surgical periodontal therapy (NSPT) was noteworthy. These studies re
ported a marked decrease in resistin values post-treatment, accompa
nied by an improvement in blood Hb1Ac levels. This finding suggests a 

Fig. 7. Forest plot showing the periodontal probing depth of chronic periodontitis individuals with type 2 Diabetes Mellitus and healthy individuals and sub- 
group analysis.

Fig. 8. Forest plot showing the periodontal probing depth of chronic periodontitis individuals with type 2 Diabetes Mellitus and chronic periodontitis and sub- 
group analysis.

D. Abraham et al.                                                                                                                                                                                                                               Journal of Oral Biology and Craniofacial Research 15 (2025) 612–623 

621 



dual and reversible relationship between DM and CP, further empha
sizing the clinical relevance of resistin as a biomarker in monitoring 
disease progression and treatment outcomes.29,42

A study by Hiroshima et al. and Patel et al. revealed a poor corre
lation between Hb1Ac levels and serum.27,28 Thus, as part of the in
clusion criteria in this review, we included those studies that analyzed 
the levels of resistin in GCF. The comparison between serum and GCF 
resistin levels in the study by Patel et al. found no significant difference. 
There was no significant difference was observed in serum resistin levels 
among the test groups, however GCF levels of resistin were significantly 
elevated in DM and CP groups compared to healthy individuals and 
between the test groups. This suggests that GCF may serve as a 
site-specific indicator of both the local disease process in the perio
dontium and the systemic disease process of DM, highlighting the po
tential clinical utility of GCF resistin analysis. The methodological 
aspects of GCF collection and analysis were taken into account. In this 
review, only one study utilized the perio-paper method.27

Variations in the clinical settings, the volume of GCF collected, oral 
conditions at the time of sample selection, and potential operator bias 
could explain the observed heterogeneity among the studies. These 
factors should be considered when interpreting the results and designing 
future studies. However, these results must be interpreted with caution 
due to the limited number of included studies.

5. Conclusion

Implications for Clinical Practice: These findings can potentially 
improve clinical practice by enabling timely interventions and more 
precise disease management.

Implications for Clinical Research: Further research is warranted 
to validate its clinical utility and establish standardized protocols. Given 
that chronic periodontitis is a known complication of diabetes mellitus, 
resistin presents an exciting avenue for early detection and monitoring 
of both conditions.

Patient/parent/guardian consent

Not applicable since it is a review study.

Credit author statement

Dr. Dax Abraham: Concept, Design, Supervision, Writing, Critical 
review.

Dr. Alpa Gupta: Concept, Design, Supervision, Analysis and/or 
interpretation, Writing, Critical review.

Dr. Arun Kumar Duraismay: Concept, Design, Supervision, Analysis 
and/or interpretation, Writing, Critical review.

Dr. Mrinalini Mrinalini: Concept, Design, Supervision, Analysis and/ 
or interpretation, Writing, Critical review.

Data sharing and data availability

The data that support the findings of this study are available on 
request from the corresponding author. The data are not publicly 
available due to privacy or ethical restrictions.

Ethical statement and clinical trial registration

Not applicable since it is a review study.

PROSPERO registration

The study protocol was registered in PROSPERO with the registra
tion number CRD42023467186.

Financial support

No financial support received for conducting this study at any stage.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgments

The authors thank Dr. Rajeev Kumar Malhotra, Senior Scientist (All 
India Institute of Medical Sciences, New Delhi) for his detailed statistical 
analysis of the data provided.

Fig. 9. Funnel plot of studies showing the publication bias.

D. Abraham et al.                                                                                                                                                                                                                               Journal of Oral Biology and Craniofacial Research 15 (2025) 612–623 

622 



References

1. Kudiyirickal MG, Pappachan JM. Periodontitis: an often-neglected complication of 
diabetes. World J Diabetes. 2024;15(3):318–325.

2. Iacopino AM. Periodontitis and diabetes interrelationships: role of inflammation. 
Ann Periodontol. 2001;6(1):125–137.

3. Brownlee M, Lilly Lecture. Glycation and diabetic complications. Diabetes. 1993;43 
(6):836–841, 1994.

4. Zambon JJ, Reynolds H, Fisher JG, Shlossman M, Dunford R, Genco RJ. 
Microbiological and immunological studies of adult periodontitis in patients with 
noninsulin-dependent diabetes mellitus. J Periodontol. 1988;59(1):23–31.

5. Khader YS, Dauod AS, El-Qaderi SS, Alkafajei A, Batayha WQ. Periodontal status of 
diabetics compared with nondiabetics: a meta-analysis. J Diabet Complicat. 2006;20 
(1):59–68.

6. D’Aiuto F, Parkar M, Andreou G, et al. Periodontitis and systemic inflammation: 
control of the local infection is associated with a reduction in serum inflammatory 
markers. J Dent Res. 2004;83(2):156–160.

7. Yki-Järvinen H, Sammalkorpi K, Koivisto VA, Nikkilä EA. Severity, duration, and 
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