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 ABSTRACT 

Gingival crevicular fluid (GCF), as a biofluid originating from gingival crevice transudate 

holds promising potential as a diagnostic tool for systemic diseases. Clinical investigations 

have revealed the substantial impact of different systemic conditions on the dynamic levels 

of various biomarkers present in GCF, encompassing a diverse array of molecules and 

agents. Based on existing evidence, this narrative review critically examines the effects of 

various systemic diseases on GCF composition, shedding light on the evolving landscape 

of GCF as a source of specific biomarkers. A systematic search was conducted in two 

databases (PubMed, and Scopus) using Mesh terms and proper Boolean operators until 

May 26, 2025. The original research articles, written in English, and focusing on human 

studies were screened for further assessment. A selected number of studies were included 

to assess the current research trends and findings in the field. Drawing from observational 

studies, we unveiled the various types of GCF biomarkers associated with the most com-

monly studied systemic diseases, including metabolic syndrome, liver diseases, rheuma-

toid arthritis, diabetes mellitus, cardiovascular diseases, and acquired immunodeficiency 

syndrome. The connection of each disease with GCF was separately discussed. Besides, 

the potential applicability of the assessed biomarkers in each disease is also elaborated 

upon for future implications.  GCF has shown a potential opportunity in terms of diagnos-

tic and prognostic evaluation of systemic diseases. By elucidating the intricate relationship 

between systemic health and periodontal status, this review has emphasized the untapped 

potential of GCF as a diagnostic means for systemic diseases, prognostication of their 

progression, and evaluation of therapy responses, a crucial step toward advancing person-

alized medicine. 

   

Corresponding Author: Amiri MA, Oral and Dental Disease Research Center, School of Dentistry, Shiraz 
University of Medical Sciences, Shiraz, Iran.     Tel:  +98-71-36263193-4      Email: mamiri1378@yahoo.com 
 

 

Cite this article as:  
 
 

 

Introduction 

Gingival crevicular fluid (GCF), a liquid compartment, 

is a form of transudate excreted from the vessels of the 

gingival plexus beneath the junctional epithelium of the 

gingival sulcus [1-2]. The dynamic excretion rate is 

dependent upon multiple factors, including the circadian 

rhythm [3-4], the severity and grading of gingival in-

flammation [4], orthodontic tooth movement [4], the 

impact of mechanical forces [1], pocket depth [4], sex 

hormones [4-5], enzymes [4, 6], smoking [4, 7], and 

oral contraceptives [4]. Multiple studies have indicated 

that the volume of GCF can vary from 0.43μl to 1.56μl 

[8], whereas, in slightly inflamed gingiva, 0.1mg GCF 

was obtained [9]. The volume of GCF is relatively 

small, depending on the size of the gingival sulcus and 

the permeability of the gingival capillaries at the base of 
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the gingival sulcus, which can be affected by the level 

of tissue inflammation and the osmotic gradient of the 

vessels [3]. The molecular composition of GCF has 

garnered significant attention as a promising bio reser-

voir for various oral and systemic health conditions as it 

contains a complex array of biomolecules, including 

proteins, cytokines, enzymes, and nucleic acids [3]. 

These constituents reflect the dynamic state of the peri-

odontal tissues and can serve as indicators of both local 

and systemic inflammatory processes. GCF proteomic 

studies have revealed numerous proteins associated with 

periodontal health and disease, offering insights into the 

pathogenesis and progression of conditions such as per-

iodontitis [10-12]. Additionally, GCF has been impli-

cated as a potential diagnostic tool for various systemic 

diseases, including diabetes, cardiovascular disease, and 

autoimmune disorders, due to the systemic dissemina-

tion of its biomarkers. Recent advances in molecular 

biology and analytical techniques have provided a deep-

er understanding of the molecular aspects of GCF, mak-

ing it an attractive candidate for non-invasive and cost-

effective diagnostics in the fields of dentistry and medi-

cine. Various methods were proposed [13]
 
to obtain a 

sample of GCF for research purposes, which are elabo-

rately explained in Table 1. 

Gingival crevicular fluid primarily comprises local 

breakdown products, including serum transudate, sys-

temic and local inflammatory mediators, subgingival 

microbial species, extracellular proteins, and cells [3]. 

An overview of the physiological composition of GCF 

is presented in Table 2 [1, 3-4, 14-18]. The diverse 

components within GCF render it a valuable source of a 

broad spectrum of biomarkers specifically associated 

with systemic pathologies, encompassing metabolic 

syndrome (MetS), hepatic diseases (HD), rheumatoid 

arthritis (RA), diabetes mellitus (DM), cardiovascular 

diseases (CVDs), and acquired immune deficiency syn-

drome (AIDS) (Figure 1) [19]. Consequently, a th-

orough exploration of GCF under systemic conditions 

offers a pivotal opportunity to unravel the pathophysiol-

ogy of periodontal diseases and their connection with 

systemic manifestations. This includes exploring the
 

Table 2: Physiological composition of GCF 
 

Compositions Main Components 

Cellular elements 

Epithelial cells - 

Leukocytes 95-97% neutrophils, 1-2% lymphocytes, and 2-3% mononuclear cells. 

Bacteria 
Campylobacter, Selenomonas, Porphyromonas, Catonella, Tannerella, Dialister, 

Peptostreptococcus, Streptococcus, and Eubacterium 

Electrolytes 

Na: K - 

Fluoride, Calcium, 

Iodine, and Phosphorous 
- 

Organic compounds 

Carbohydrates Glucose hexosamine and hexuronic acid 

Immunoglobulins IgG, IgA, IgM 

Complement proteins Residual fragments of C3, and factor B 

Cytokines Interleukins, TNF-α, CRP 

Metabolic elements Lactic acid 

Hormones Sprostoglandin 

Enzymes 
Acid phosphates, alkaline phosphatase, Cathepsin G, B, and D, Collagenase, 

Elastase, Beta-glucuronidase, and Gelatinase 
 

Abbreviations: CRP: C-reactive protein, IgA: Immunoglobulin A, IgG: Immunoglobulin G, IgM: Immunoglobulin M, TNF-α: Tumor Necrosis Factor-α 

Table 1: Description of different techniques for the collection of GCF samples [4, 142-143] 
 

Technique 
Utilization 

devices 
Method of application 

Absorbing paper 

strips 
Filter paper strips 

Paper strips are inserted into the crevice to absorb fluid. The fluid volume is quantified 

by protein disclosing dye, measurement of electronic capacitance, and weighing the 

paper before and after application. 

Pre-weighed twisted 

threads 
Sampling threads 

Threads are placed into the crevice and the collected fluid is measured by weighing the 

sample threads. 

Micro-pipettes Capillary tubes 
Capillary tubes are inserted inside the crevice and the content is later centrifuged and 

assessed. 

Crevicular washing 
Crevicular 

washing appliance 

The appliance consists of a hard acrylic resin covering the maxilla with soft borders and 

grooves entering the gingival crevice. The gingival crevice is washed for a certain period 

from the palatal to the buccal side with a 4-6mL solution by a peristaltic pump. 
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Figure 1: The evidence-based link between systemic diseases and periodontal inflammation, reflected by GCF-related biomarkers. Qual-

itative and quantitative alterations of GCF molecular composition attributable to general health and periodontal status 

 

potential of GCF as a validated source of biomarkers, 

presenting a promising avenue for clinical point-of-care 

diagnostics. 

Clinical investigations have revealed the substantial 

impact of different systemic conditions on the dynamic 

levels of various biomarkers present in GCF, encom-

passing a diverse array of molecules and agents. Nota-

bly, a majority of the GCF biomarkers significantly 

affected by systemic diseases are compounds and mole-

cules associated with inflammation or immunity [20-

21]. The observed disparities in biomarker levels may 

serve as indicators of an elevated risk for advanced per-

iodontal inflammation, particularly periodontitis [20-

21]. However, it is crucial to acknowledge that while 

inflammation- or immunity-related biomarkers exhibit 

considerable diversity, systemic diseases are demon-

strated to selectively influence specific types of bi-

omarkers in GCF [22-23]. This suggests that the spec-

trum of detectable biomarkers in GCF may vary among 

individuals, reflecting the distinct pathophysiological 

mechanisms of each systemic disease. This variability 

poses an essential consideration for future developments 

in personalized medicine and advanced diagnostics 

within the field of dentistry. 

Due to the diversity of different biomarkers in GCF 

which can be influenced by different types of systemic 

diseases, as well as the vastness of the field, no literature 

review has comprehensively discussed the current ad-

vances and limitations in this field. Therefore, the objec-

tive of this study was to conduct a comprehensive narra-

tive review of available evidence, exploring the poten-

tial of GCF as a diagnostic tool for detecting both sys-

temic diseases and oral conditions. This thorough re-

view delves into the evolving landscape of GCF bi-

omarkers, highlighting their significance in health and 

disease, and discussing potential clinical applications 

arising from the molecular insights provided by this 

biofluid. We present an overview of current data on 

GCF-related biomarkers linked to systemic diseases. 

Appreciating the diagnostic role of GCF as an adjunct 

tool may facilitate early detection and prevention of 

common systemic conditions, thereby contributing to 

broader implications for public health policies. 

 

Search Strategy and Screening Method 

This narrative review was conducted based on the 

search results in two databases (PubMed, and Scopus) 

using the keywords: “Gingival Crevicular Fluid”, “Met-

abolic Syndrome”, “Liver Diseases”,” Rheumatoid Ar-

thritis”,” Diabetes Mellitus”,” Cardiovascular Diseas-

es”,” Acquired Immunodeficiency Syndrome”. The 

investigated diseases in our study represent the most 
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commonly studied diseases in this field. All the searc-

hed keywords were selected based on the PubMed Mesh 

terms. The search was conducted until May 26, 2025.  

The original research articles, written in English, 

and focusing on human studies were considered for 

further assessment. However, the articles in formats 

other than the original article, not written in English, 

and conducted on subjects other than human were ex-

cluded from the study. A selected number of studies 

underwent further assessment to represent the current 

findings, advancements, and perspectives in the field.  

Effect of systemic diseases on gingival crevicular fluid biomarkers 

Metabolic Syndrome (MetS) 

MetS is characterized by a cluster of clinical symptoms, 

including insulin resistance, hypertension, dyslipidemia, 

and obesity, ultimately leading to cardiovascular 

diseases and diabetes [24-25]. Given its association with 

various signs and symptoms affecting multiple organs, 

MetS has become the subject of investigation for 

potential oral manifestations. D’Aiuto et al. [26] 

proposed that individuals with periodontitis exhibit a 2.3 

times higher likelihood of developing MetS compared 

to their healthy counterparts. Additionally, the results of 

a meta-analysis conducted by Nibali et al. [27] revealed 

that the risk of developing periodontitis in individuals 

with MetS is twice as high as in the general population. 

This suggests a plausible relationship between 

periodontitis and MetS, potentially reflected in changes 

in the levels of GCF compounds. A summary of 

selected studies is provided in Table 3. 

Association between MetS and GCF components 

GCF, being an easily accessible sample enriched with
 

Table 3: The summary of selected studies on the GCF in patients with metabolic syndrome 
 

Author 

(year) 
Study Group(s) 

Measured 

Biomarkers 

GCF Sampling 

Method 

Evaluation 

Method 
Outcomes 

Senkal 

et al. 

(2024) 

[32] 

I: MetS+ 

periodontitis 

II: MetS+ healthy 

periodontium 

III: Systemically 

healthy with 

periodontitis 

Systemically/ 

periodontally healthy 

individuals 

IL-20, RNAKL, 

OPG, 

RANKL/OPG 

Paper strips 

Among all of the assessed biomarkers, 

the patients with MetS and healthy 

periodontium did not exhibit any 

difference with the control group. 

However, the MetS group showed  

significant difference with the groups 

affected by periodontitis with and 

without MetS. 

Nibali et 

al. (2022) 

[24] 

I: MetS with 

periodontitis patients 

II: MetS patients 

without periodontitis 

Aggrecan, IL-6, IL-8 Paper strips 

Human XL 

Cytokine 

protein arrays 

- Aggrecan, IL-6, and IL-8 were 

increased in patients without 

periodontitis compared to the patients 

with moderate and severe periodontitis. 

- Decreased levels of aggrecan in GCF 

of MetS patients could be an indicator of 

periodontitis (p< 0.05) 

ELISA 

Gürkan 

et al. 

(2016) 

[22] 

I: MetS+ gingivitis 

II: MetS+ healthy 

periodontium 

III: Systemically 

healthy with 

gingivitis 

IV: Systemically/ 

periodontally healthy 

individuals 

RANTES, MIF, 

MCP-1 
Paper strips ELISA 

- MCP-1 and MIF levels did not exhibit 

any significant differences between 

groups. 

- RANTES and MCP-1 levels of group 1 

were higher than group 2. 

- RANTES was significantly higher in 

group 1 than in group 3 (p< 0.01). 

- RANTES levels in GCF are 

significantly elevated as a result of MetS 

in patients with gingivitis. 

Han et al. 

(2012) 

[33] 

I: MetS 

II: Periodontitis 

III: MetS + 

Periodontitis 

IV: Healthy 

individuals 

MMP-8, MMP-9, and 

MMP-13 

Absorbent paper 

points 
ELISA 

- MMP-8,9 and 13 were independently 

correlated with both periodontitis and 

MetS. 

- MMP-13 exhibited a significant 

increase in MetS subjects compared to 

subjects without MetS. 

- MMP-9 and 13 indicate significantly 

higher contents in women with MetS. 

- The elevated levels of MMP-9 and 13 

can be indicators of both MetS and 

periodontitis among women. 
 

Abbreviations: CP: Chronic periodontitis, ELISA: Enzyme-linked immunoassay, IL: Interleukin, RANTES: regulated on activation, normal T-cell 
expressed and secreted protein, MCP-1: Monocyte chemotactic protein-1, MetS: Metabolic syndrome, MIF: Macrophage migration inhibitory factor, 

MMP: Matrix metalloproteinase 
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various biological markers, holds promise for diagnos-

ing and assessing the severity/prognosis of MetS. In a 

study by Nibali et al. [24], GCF markers in MetS pa-

tients were analyzed concerning the presence of perio-

dontitis. GCF samples from 95 patients were collected 

using periopaper strips, with 10 subjects categorized as 

no/mild, 34 moderate, and 51 severe periodontitis cases. 

Aggrecan, and Interleukins (ILs) including IL-6, and IL-

8 were found to be increased in patients without perio-

dontitis compared to those with moderate and severe 

periodontitis. Notably, Aggrecan exhibited a significant 

association with the periodontal status of the patients 

(p< 0.05). Decreased levels of Aggrecan in GCF of 

MetS patients could serve as an indicator of periodonti-

tis. This decrease aligns with findings in patients with 

RA, suggesting common pathological pathways be-

tween periodontitis and RA [24, 28-31]. Moreover, IL-

20 is also demonstrated as a biomarker increasing in 

patients affected by both MetS and periodontitis [32]. 

Examining GCF markers and MetS correlation, 

Gürkan et al. [22] assessed regulated on activation, 

normal T-cell expressed and secreted protein 

(RANTES), macrophage migration inhibitory factor 

(MIF), and monocyte chemotactic protein-1 (MCP-1) 

levels. In the MetS + gingivitis group, RANTES and 

MCP-1 GCF levels were higher than in MetS and 

healthy periodontium groups, showing significant eleva-

tions compared to healthy individuals (p< 0.0001, 

0.005, respectively). Notably, RANTES levels in the 

MetS + gingivitis group were significantly higher than 

in systemically healthy patients with gingivitis (p< 

0.01). However, MIF and MCP-1 levels did not exhibit 

significant differences between these two groups (p> 

0.05). Elevated RANTES levels in GCF were attributed 

to increased local gingival inflammation caused by 

MetS, establishing RANTES as significantly elevated 

due to MetS in patients with gingivitis. 

Exploring the link between MetS and periodontitis, 

matrix metalloproteinase (MMP) levels in GCF were 

considered [33]. Han et al. [33] evaluated MMP-8, 

MMP-9, and MMP-13 concentrations in 314 individu-

als, categorizing them into healthy cases, MetS cases, 

periodontitis cases, and MetS + periodontitis cases. 

GCF levels of MMP-8, MMP-9, and MMP-13 in pa-

tients with periodontitis were higher than in MetS pa-

tients or healthy individuals (p< 0.001). In the compari-

son between patients with and without MetS, only 

MMP-13 exhibited a significant increase in MetS sub-

jects compared to those without MetS (p< 0.002). 

MMP-9 and MMP-13 levels were significantly higher 

in women with MetS. The study concluded that MMP-

8, MMP-9, and MMP-13 were independently correlated 

with both periodontitis and MetS, making elevated 

MMP-9 and MMP-13 indicative of both MetS and peri-

odontitis among women [33]. 

In summary, studies assessing GCF among patients 

with MetS suggest that RANTES and MMP-13 can 

serve as indicative biomarkers, showing marked eleva-

tion in these patients [33]. However, other molecules, 

including MMP-9, were increased specifically among 

female patients. Additionally, MetS appears to be a co-

existing morbidity in patients with periodontal diseases, 

with Aggrecan concentration in GCF substantially de-

creased in patients with MetS and periodontitis [24]. 

Liver Diseases 

GCF has been utilized in investigating chronic hepatitis 

C (CHC) [34]. In CHC, the progressive replacement of 

natural liver tissue with fibrotic tissue leads to impaired 

liver function and eventual development of liver 

cirrhosis [35-36]. Globally, around two hundred million 

people grapple with CHC, making it a significant global 

health concern [34]. CHC is known to manifest oral 

symptoms, impacting the overall quality of life [37-38]. 

The inflammatory nature of CHC suggests multifaceted 

interactions with periodontal tissues, contributing to 

periodontitis through the presence of pro-inflammatory 

mediators in the blood of CHC patients [36, 39]. Table 4 

provides a summary of the selected studies in this 

context. 

Association between liver diseases and GCF components  

The effects of CHC on the GCF, particularly IL-1α, and 

IL-1β level were investigated by Surlin et al. [36] 

among 13 chronic periodontitis (CP) patients without 

systemic disease (group 1), 11 CP patients with asymp-

tomatic CHC (group 2), and 11 systematically and peri-

odontally healthy controls (group 3). The highest level 

of both cytokines was observed among the patients with 

CP and asymptomatic CHC, while the lowest level was 

in systemically and periodontally healthy participants. 

The maximum probing depth and the number of rem-

nant teeth, were positively and negatively correlated 

with the GCF levels of IL-1α and IL-1β in CP patients  
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with asymptomatic CHC, respectively. It appears that 

CHC can take a role in the exacerbation of the inflam-

matory status of CP via increasing shared pro-

inflammatory cytokines levels (IL-1α and IL-1β). As 

indicated before, the inflammatory nature of both CP 

and CHC could result in interactions between the two 

diseases which can be investigated through the fluctua-

tion of biomarkers in GCF [38, 40]. 

One of the noticeable biomarkers concerning liver 

diseases in GCF is inflammasome. This biomarker is a 

multi-protein, oligomer compound which plays a role in 

the initial stages of inflammation [38, 41, 42]. Nod-like 

receptor 3 (NLRP3) complex, as an inflammasome, 

takes part in inflammatory and innate immunity mecha-

nisms [38, 43-44]. NLR3 is a part of the NLPR family 

that has a role in the activation of Caspase 1 and regulat-

ing important pro-inflammatory cytokines, like IL-18 

[38, 44]. In this regard, Surlin et al. [38] investigated 

GCF levels of NLRP3, IL-18, and Caspase-1 in patients 

with CHC and periodontitis. The patients were divided 

into four study groups: (I) 18 CHC + CP, (II) 14 only 

CHC, (III) 15 only CP, and (IV) 15 healthy controls. 

The patients affected by both CHC and CP achieved the 

significantly highest levels of NLRP3, IL-18, and 

Caspase-1. 

The results of this study can be further validated by 

the fact that NLRP3 inflammasome and IL-18 are se-

creted by liver macrophages during the initiation of 

hepatitis C infection [45]. 

Another GCF-related biomarker includes hepatitis C 

virus ribonucleic acid (HCV RNA) [46-47] to detect 

HCV. Maticic et al. [46] investigated the presence of 

HCV RNA in GCF and saliva of 50 HCV-positive pa-

tients, concluding that the rate of HCV RNA for GCF 

and saliva was 59% and 35%, respectively. Arguably, in 

addition to blood, GCF could be regarded as an adjunct 

mean for detecting HCV. However, further investiga-

tions are required to optimize and validate the current 

data. Suzuki et al. [47] quantified HCV RNA in the 

saliva and GCF of 26 HCV-positive patients of whom  
 

Table 4: The summary of selected studies on the GCF in patients with liver diseases 
 

Author 

(year) 
Study Group(s) 

Measured 

Biomarkers 

GCF 

Sampling 

Method 

Evaluation 

Method 
Outcomes 

Surlin et al. 

(2021) [38] 

I: CHC+CP 

patients 

II: CHC patients 

III: CP patients 

III: Healthy 

individuals 

- NLRP3,  

- IL-18  

- Caspase-1 

Paper strips ELISA 

The highest levels of all three biomarkers 

were observed in group I (p< 0.05). 

- Group III showed significantly higher 

levels of all three biomarkers than the 

periodontally healthy groups (groups II and 

IV). 

Surlin et al. 

(2020) [36] 

I: CP patients 

without 

systemic disease 

II: CP patients 

with 

asymptomatic 

CHC 

III: Healthy 

individuals 

- IL-1α 

- IL-1β 

 

Paper strips ELISA 

- The highest level of both cytokines was 

observed in group 2 and the lowest level 

was in the control group. Also, the 

difference between all the groups was 

statistically significant (p< 0.05). 

-CHC can exacerbate the inflammatory 

status of CP via increasing shared pro-

inflammatory cytokines levels (IL-1α and 

IL-1β). 

Suzuki et al. 

(2005) [47] 

 

HCV-positive 

patients 
- HCV RNA Paper strips 

QIAamp viral 

RNA kit 

- GCF had higher sensitivity in the detection 

of HCV RNA levels than saliva, although 

saliva provided higher amounts of sample 

volume. 
RT-PCR 

Gammie et al. 

(2002) [49] 

Random 

subjects 

- HAV 

antibodies 
NR 

Automated IMx 

MEIA analytical 

system 

- GCF can be an easy source for screening 

and allows for long-term follow-ups in 

assessing the level of immunity against 

HAV. 

Maticic et al. 

(2001) [46] 

HCV-positive 

patients 
- HCV RNA paper points PCR assay 

The detection rate of HCV RNA in GCF and 

saliva was 59% and 35%, respectively. 

Pollock et al. 

(1984) [48] 

Random 

subjects 

- HBsAg 

- HBeAg 
Paper strips 

Radioimmunoassay 

test kits 
- HBeAg can be detected in GCF. 

 

Abbreviations: CHC: Chronic Hepatitis C, CP: Chronic Periodontitis, ELISA: Enzyme-Linked Immunosorbent Assay, GCF: Gingival Crevicular 

Fluid, HAV: Hepatitis A Virus, HBsAg: Hepatitis B Surface Antigen, HBeAg: Hepatitis B e Antigen, HCV: Hepatitis C Virus, IL-1α: Interleukin-1 
alpha, IL-1β: Interleukin-1 beta, IL-18: Interleukin-18, NLRP3: NOD-, LRR-, and pyrin domain-containing protein 3, NR: Not Reported, PCR: 

Polymerase Chain Reaction, RT-PCR: Reverse Transcription Polymerase Chain Reaction 
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78% were GCF-positive while exhibiting negative re-

sults in saliva. In 77% of the cases, the GCF level of 

HCV was higher than the saliva level. In spite of the 

fact that HCV levels in neither GCF nor saliva showed a 

significant correlation with the viral loads in the blood 

samples, the reduced levels of serum HCV RNA were 

less likely to be detected in saliva than in GCF [47]. 

This indicates the higher sensitivity of GCF in the detec-

tion of HCV RNA levels than saliva.  

Another liver disease, which has been evaluated via 

GCF, is hepatitis B (HB). Quantification of hepatitis B 

surface antigen (HBsAg) in GCF was conducted by 

Pollock et al. [48] and the presence of hepatitis B e an-

tigen (HBeAg) was also reported in GCF. In another 

study by Gammie et al. [49], the level of immunity 

against the hepatitis A virus (HAV) was assessed by 

quantification of antibodies in the GCF samples. They 

reported that GCF can be an easy source for screening 

and allows for long-term follow-ups.  

Based on the studies related to the implications of 

liver diseases on GCF biomarker levels [38, 46-49], it 

can be concluded that HCV infection can increase the 

GCF levels of inflammatory mediators, NLRP3, IL-1α, 

IL-1β, IL-18, and caspase in patients suffering from 

periodontitis [36, 38]. Moreover, quantification of anti-

bodies against HCV [46-47], HBV [48], and hepatitis A 

virus (HAV) [49] in GCF seems to be a reliable ap-

proach to evaluate the sensitivity and specificity of GCF 

as a potential diagnostic medium. 

Rheumatoid arthritis (RA) 

RA stands out as an extensively studied autoimmune 

disease in the context of GCF-based diagnostics. It is a 

prevalent systemic autoimmune disorder affecting ap-

proximately 224.25 per 100’000 of the global popula-

tion [50]. RA primarily targets synovial tissues, leading 

to synovitis and joint structural damage, resulting in 

chronic pain, disability, and potential severe extra-

articular complications such as rheumatoid vasculitis or 

interstitial pneumonia [21]. Recent investigations have 

explored the intricate relationship between CP and sys-

temic disorders with inflammatory mechanisms [51-52]. 

Notably, the levels of rheumatoid factor (RF) have been 

found to be significantly elevated in the saliva, serum, 

and subgingival plaque of CP patients [52-53]. The in-

flammatory nature shared by RA and CP suggests po-

tential interactions between these conditions, mediated 

by inflammatory mediators and cytokines such as C-

reactive protein (CRP), IL-1, IL-6, and tumor necrosis 

factor-α (TNF-α) [52, 54]. Given the unique characteris-

tics of GCF as a reservoir for various biomarkers this 

fluid presents itself as a valuable complement for as-

sessing the progression of RA [55]. Analyzing GCF 

holds promise for supporting early RA diagnosis. A 

summary of selected studies exploring the link between 

RA and GCF is presented in Table 5. 

Association between RA and GCF components  

To investigate the correlation between RA and bi-

omarkers in GCF, Silosi et al. [20] conducted a com-

prehensive study focusing on matrix metalloproteinase-

9 (MMP-9) levels in GCF and serum as potential relia-

ble biomarkers for RA. The study included four distinct 

groups: 21 healthy individuals, 14 patients with CP, 16 

patients with RA, and 12 patients with RA + CP [20]. 

The results revealed a significant elevation in GCF 

MMP-9 levels in RA patients compared to the control 

group [20]. Similarly, the RA+ CP group exhibited 

higher GCF MMP-9 levels compared to both CP and 

RA groups. This suggests that the inflammatory nature 

of RA and CP may synergistically enhance MMP-9 

levels in patients with RA+CP.  

Consequently, the presence of MMP-9 in GCF could 

be considered a valuable marker for patients with RA or 

RA+CP [20]. Additionally, Manoil et al. [14] explored 

the bacterial load in GCF, proposing a potential link 

between CP and RA through unattached GCF microor-

ganisms. The presence of specific bacteria, such as P. 

gingivalis, was indicated as a potential indicator of RA 

severity, showing statistically significant correlations 

with gingival bleeding on probing and plaque scores 

[14]. This highlights the possibility of investigating 

GCF bacteria as a mean to assess RA activity. 

The comprehensive exploration of the link between 

GCF content and RA was conducted through the analy-

sis of cytokines. In a systematic review, Javed et al. [21] 

investigated the cytokine profile of GCF in individuals 

with RA and CP. The study revealed elevated GCF lev-

els of MMP-8, MMP-13, IL-1b, IL-4, IL-10, and TNF-α 

in RA patients compared to healthy individuals [21]. 

Additionally, Prieto et al. [56] examined 40 subjects, 

including 20 healthy individuals and 20 RA patients, 

evaluating the soluble neuropilin-1 (sNRP-1) level in 

their GCF and periodontal status. RA patients exhibited  
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Table 5: The summary of selected studies on the GCF in patients with rheumatoid arthritis 
 

Author 

(year) 
Study Group(s) 

Measured 

Biomarkers 

GCF 

sampling 

method 

Method of 

evaluation 
Outcomes 

El-Wakeel 

et al. (2023) 

[59] 

I: CP 

II: RA 

III: RA+CP 

IV: Healthy 

individuals 

Prolactin Paper strips ELISA 

- Before SRP treatment, groups with RA + CP showed the 

highest GCF levels of prolactin, followed by the group 

affected by CP, RA, and the control group.  

- After the SRP treatment, the group with RA + CP and CP 

showed no significant difference. This trend was also 

replicated for the group with RA and the control group 

Manoil et 

al. (2021) 

[14] 

I: RA 

II: Behçet’s 

disease 

III: Healthy 

individuals 

The bacterial 

composition of 

GCF 

Paper strips 

FISH - The unknown link between CP and RA could be the 

unattached GCF bacteria. 

- P. gingivalis showed statistically significant correlations 

(p< 0.05) with the severity of RA as well as BOP and 

plaque scores of patients. 

ELISA 

Prieto et al. 

(2021) [56] 

I: RA 

II: Healthy 

individuals 

sNRP-1 Paper strips ELISA 
- Patients with RA showed significantly higher levels of 

sNRP-1 in GCF (p< 0.05). 

Xiao et al. 

(2021) 

[144] 

I: RA 

II: Healthy 

individuals 

TNF-α and IL-1β Filter papers ELISA 

- RA presence was positively correlated with GCF levels 

of TNF-α and IL-1β levels. 

- Incidence of CP among the patients with RA was 

significantly higher than in the control group. The longer 

the duration of RA, the higher the incidence of CP. 

Silosi et al. 

(2015) [20] 

I: CP 

II: RA 

III: RA+CP 

IV: Healthy 

individuals 

MMP-9 Paper strips ELISA 

- GCF level of MMP-9 in patients with RA was 

significantly higher than in the control group. 

- Elevated level was also observed in patients with RA + 

CP compared to CP and RA. 

Cetinkaya 

et al. (2013) 

[145] 

I: RA 

II: CP 

III: Healthy 

individuals 

IL-1β, IL-4, IL-10 

and TNF-α 
Paper strips ELISA 

- GCF levels of IL-1β, IL-4, IL-10, and TNF-α did not 

exhibit any significant differences between the study 

groups. 

- Clinical periodontal parameters were significantly 

different between the groups. PI was significantly higher 

among the patients with RA compared to other groups; 

however, CAL, PD, and GI were significantly higher 

among patients with CP compared to other groups (p< 

0.05). 

Esen et al. 

(2012) [58] 

I: RA + CP 

II: RA 

III: CP 

IV: Healthy 

individuals 

Oxidant/antioxidant 

status and OSI of 

GCF 

Paper strips 
REL assay 

diagnostics 

-GCF levels of total oxidant status among patients with 

RA + CP and CP were significantly higher than that in the 

patients with RA (p< 0.05). 

-The OSI value of GCF for the group with RA + CP was 

significantly higher than that in the patients with RA (p< 

0.05). 

Bıyıkog˘lu 

et al. (2009) 

[62] 

I: RA + 

periodontitis 

II: RA + 

gingivitis 

III: Periodontitis 

IV: gingivitis 

V: Healthy 

individuals 

MMP-8, MMP-13 

and TIMP-1 

Filter paper 

strips 
ELISA 

- MMP-8 total level was significantly lower in the healthy 

individuals than the groups I, II, and III (p< 0.05). 

- MMP-13 levels did not show any significant difference 

between the groups. 

- Groups I and II exhibited similar levels of TIMP-1 to 

groups 3 and 4. 

- TIMP-1 level in GCF can be markedly enhanced by the 

presence of RA regardless of the periodontal status of the 

patient. 

- MMP-8 and MMP-13 levels seem to be elevated by both 

RA and CP and the concurrent incidence of these two 

diseases does not significantly enhance their GCF levels. 

Biyikog˘lu 

et al. (2006) 

[63] 

I: RA 

II: CP 

III: Healthy 

individuals 

PAI-2, PGE2 and 

IL-1β 

Filter paper 

strips 
ELISA 

- The GCF levels of PAI-2, PGE2, and IL-1β were not 

statistically different between the study groups. 

- The GCF levels of t-PA were significantly higher in 

patients with RA compared to CP (p< 0.05). 
 

Abbreviations: CP: Chronic periodontitis, ELISA: Enzyme-linked immunoassay, FISH: Fluorescent in situ hybridization, MMP: Matrix metalloproteinase, 

PAI-2: plasminogen activator inhibitor-2, PGE2: Prostaglandin E2, RA: Rheumatoid arthritis, Soluble neuropilin-1 (sNRP-1), TIMP-1: Tissue Inhibitor of 

MMP-1, TNF-α: Tumor Necrosis Factor- α, t-PA: Tissue-type Plasminogen Activator 
 

significantly higher concentrations of sNRP-1 in GCF, 

suggesting its potential as a viable option for further 

investigations. In another study, Cetinkaya et al. [57] 

assessed anti-inflammatory and pro-inflammatory cyto-

kine levels in GCF among RA and CP patients. Alt-

hough GCF levels of IL-1β, IL-4, IL-10, and TNF-α did 

not show significant differences between the study 

groups, the use of non-steroidal anti-inflammatory drugs 
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(NSAIDs) by RA patients could be a crucial confound-

ing factor in the study. 

Moreover, considering the key role of oxygen me-

tabolism in the pathogenesis of both CP and RA [58], 

Esen et al. [58] investigated the effects of CP and RA 

on the oxidant/antioxidant status and oxidative stress 

index (OSI) of GCF. GCF levels of total oxidant status 

in the RA + CP and CP groups were significantly higher 

than in patients with RA (p< 0.05) [58]. The OSI value 

of GCF for the RA + CP group was significantly higher 

than in patients with RA (p< 0.05) [58]. Therefore, 

while CP appears to influence the GCF's OSI concentra-

tion, RA may not exhibit the same effect on this param-

eter in the presence of CP [58]. The combined impact of 

CP and RA on other biomarkers is also implicated in a 

study by El-Wakeel et al. [59], assessing GCF levels of 

prolactin (PRL). They indicated that the patients with 

CP and RA showed the highest statistically significant 

GCF levels of PRL, followed by the patients with CP, 

patients with RA, and the control group. The last two 

groups showed no statistically significant difference. 

After the scaling and root planning (SRP) treatment, the 

group with RA and CP showed no difference with CP. 

On the other hand, the groups with RA showed no sig-

nificant difference with the control group. Building up-

on the findings outlined above [57-58, 60-61], the co-

occurrence of CP and RA appears to yield distinctive 

alterations linked to inflammatory biomarkers. In a 

study by Biyikog˘lu et al. [62], examining 74 patients 

and investigating MMP-8, MMP-13, and tissue inhibitor 

of MMP-1 (TIMP-1), it was observed that MMP-8 total 

levels were significantly lower in healthy individuals 

compared to those diagnosed with RA and CP (p< 

0.05). However, MMP-13 did not exhibit any signifi-

cant difference between the groups [62]. Although 

TIMP-1 concentrations did not show a significant fluc-

tuation between the groups, the total amount of TIMP-1 

was notably higher in groups of patients with RA + per-

iodontitis, patients with only periodontitis, and patients 

with only gingivitis compared to systematically and 

periodontally healthy individuals [62]. Interestingly, the 

concurrent incidence of RA and CP did not significantly 

enhance the GCF levels of MMP-8 and 13 [62].  

These findings align with the study by Biyikog˘lu et 

al. [63], where the coexistence of RA and CP did not 

significantly impact some systemic markers of RA or 

clinical periodontal outcomes. The total amounts of 

plasminogen activator inhibitor-2 (PAI-2), prostaglan-

din E2 (PGE2), and IL-1β did not differ significantly 

between RA and CP group [63]. 

In summary, scientific evidence points to several 

GCF biomarkers associated with RA, primarily inflam-

matory cytokines such as tumor necrosis factor- α 

(TNF-α) [52, 57, 64], interleukins [52, 57], and MMPs 

[20, 62]. Notably, the presence of a specific periodontal 

pathogen, P. gingivalis, was also correlated with the 

severity of RA [14]. However, not all the biomarkers 

have shown statistically significant outcomes. Another 

study has indicated that IL‐1β, IL‐4, IL‐6, IL‐10, IL‐

17A, TNF‐α, IFN‐γ, and chemokines RANTES/ CCL5, 

eotaxin, and MCP‐1 exhibit no significant difference 

between the patients and the control group [56]. These 

discrepancies among the studies can be attributed to 

severity of the studies and sampling conditions and 

methods. 

Diabetes mellitus 

Diabetes mellitus encompasses a group of metabolic 

disorders characterized by elevated blood glucose levels 

in affected individuals [66-67]. It serves as a significant 

risk factor for the onset of CP, heightening susceptibility 

approximately threefold compared to healthy 

individuals [67-68]. Additionally, diabetes exacerbates 

the condition of periodontal disease, particularly in 

individuals with inadequately controlled blood glucose 

levels [67, 69-70]. Type 2 diabetes mellitus (T2DM), 

the most prevalent form of diabetes [66-67], induces 

altered inflammatory responses [71-72], disrupts tissue 

repair mechanisms [71-72], and accelerates the 

progression of periodontal tissue destruction [73-74]. 

The interplay between the two conditions is 

bidirectional, with CP exacerbating diabetes and 

diabetes-related complications significantly intensifying 

the severity of periodontitis [74-75].  

Exploring the biomarkers present in GCF during 

T2DM offers insights into the biological effects of 

T2DM on periodontal tissues. Fluctuations in specific 

biomarkers can aid clinicians in assessing the severity of 

diabetes and its prognosis [76]. Given T2DM's 

demonstrated impact on impeding the healing rate of 

periodontal tissues, it is conceivable that diabetes 

negatively influences the levels of specific biological 

factors in GCF crucial for periodontal tissue remodeling  
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Table 6: The summary of selected studies on GCF in patients with diabetes mellitus 
 

Author 

(year) 
Study Group (s) 

Measured 

Biomarkers 
GCF sampling method 

Method of 

evaluation 
Outcomes 

Păvălan et 

al. (2025) 

[95] 

I: T2DM+HF+CP 

II: T2DM +CP 

III: CP 

IV: Healthy 

individuals 

DPP-4, Gal-

3 
Paper strip ELISA 

- Higher levels of DPP-4 were reported in the study groups 

compared to the control group.  

- Gal-3 was elevated in patients with CP + HF regardless of 

T2DM. 

Elazazy et 

al. (2021) 

[71] 

I: CP patients with 

diabetes 

II: CP patients 

without diabetes 

III: Healthy 
individuals 

microRNAs Paper strips 

-miRNeasy 

mini kit 

-miScript II RT 

Kit and distinct 

miScript 
primers 

- MicroRNA-223 and microRNA-200b are significantly higher 

among patients with T2DM and periodontitis (p< 0.05). 

Gao et al. 

(2021) [74] 

I: T2DM + CP 
II: CP 

III: Healthy 

individuals 

Calprotectin Paper strip ELISA 
- Patients with T2DM and CP exhibit significantly higher GCF 
and serum levels of calprotectin compared to patients with CP 

or the control group. 

Sande et al. 

(2020) [78] 

I: Diabetic 

individuals 

II: Healthy 

individuals 

Glucose Test strip Glucometer 
- GCB was significantly better than FSB and was comparable 

to VB in estimating glucose levels 

Marinho et 

al. (2019) 

[87] 

I: T2DM+CP 

II: T2DM 

III: CP 

IV: Healthy 

individuals 

GCF 

proteins 
Paper strip 

Protein Assay 

Kit 

- Increased levels of some proteins (S100A8, S100A9, 

immunoglobulins, myeloperoxidase, neutrophil, azurocidin, 

and elastase) and decreased levels of some others (cathelicidin, 

annexin A1, actins) was found among T2DM + CP subjects 

compared to healthy individuals. 

Peniche-

Palma et al. 

(2019) [86] 

I: T2DM 

(controlled) 

II: T2DM (poorly 
controlled) 

III: T2DM 

(controlled)+ CP 

IV: T2DM (poorly 

controlled) + CP 

V: Healthy 

individuals 

MPO 

MMP-9 
Paper strip ELISA 

- No relationship was found between the elevation of these 

biomarkers in controlled/uncontrolled T2DM compared to 

healthy controls 

Yilmaz et al. 

(2018) [89] 

I: T2DM+CP 

II: T2DM 

III: CP 
IV: Healthy 

individuals 

HβD-1 Filter-paper strip ELISA 

- T2DM and periodontitis could result in altered levels of 

HβD-1 in GCF, leading to potential susceptibility of T2DM 
patients to periodontitis. 

Bhavsar et 
al. (2016) 

[79] 

I: Diabetic 
individuals 

II: Healthy 

individuals 

Glucose Test strip 
Automated 
glucose 

analyzer 

- No significant difference between GCB and VB glucose 
levels was reported (P > 0.05). The correlation of these two 

methods was significant. 

Doğan et al. 

(2016) [146] 

I: T2DM+CP 

II: T2DM 

III: CP 

IV: Healthy 

individuals 

Chemerin Paper strips ELISA 

- GCF levels of chemerin were significantly higher in patients 

with T2DM + CP and T2DM compared to healthy individuals. 

- A positive correlation was found between chemerin and 

HbA1c. 

- Chemerin could be considered as a potential inflammatory 

biomarker for T2DM in GCF. 

Doğan et al. 
(2016) [10] 

I: T2DM+CP 

II: T2DM 
III: CP 

IV: Healthy 

individuals 

Vaspin 
Omentin-1, 

TNF-α 

Paper strips ELISA 

- Total concentration of vaspin was significantly higher in 

T2DM + CP and T2DM over healthy individuals. 

- Total concentration of vaspin was significantly higher in 

patients with T2DM+CP compared to patients with CP. 
- Total concentration of omentin-1 was significantly lower in 

the presence of T2DM or CP compared to healthy individuals. 

- These two adipokines could be considered as potential 

inflammatory markers of both T2DM and CP 

Mishra et al. 

(2016) [92] 

I: T2DM+CP 

II: CP 

III: Healthy 

individuals 

Visfatin Microcapillary tubes ELISA 

- Significantly higher visfatin level was found in patients with 

T2DM and CP; however, T2DM has a significant role in 

elevated levels of visfatin. 

Parihar et al. 

(2016) [76] 

I: Diabetic 

individuals 

II: Healthy 

individuals 

Glucose Glucometer Glucometer 

A strong positive correlation (r = 0.986 and r = 0.972 in 

diabetic patients and r = 0.820 and r = 0.721 in non-diabetic 

individuals) was found between glucose levels of GCB with 

FSB and VB. 

Yamaguchi 

et al. (2004) 

[80] 

Healthy adults Glucose 

A custom-designed GCF-

collecting device enclosed in 

a glucose testing tape 

A novel 

glucometer 

- Noticeable correlation coefficients of 0.7 and 0.88 between 

glucose levels of GCF and blood among the participants with 

two nationalities. 

Bulut et al. 

(2001) [94] 

I: Diabetic patients 

II: Healthy 
individuals 

IL-1β Filter-paper strip ELISA 

- Increased levels of IL-1β in T2DM may worsen periodontal 

condition due to the intensified inflammatory response to 

bacteria in diabetic patients compared to non-diabetic 
individuals. 

 

Abbreviations: CP: Chronic periodontitis, ELISA: Enzyme-linked immunoassay, HβD-1: Human β defensin 1, IL: Interleukin, T2DM: Type 2 diabetes mellitus 
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and healing [76-77]. A summarized overview of 

selected studies is presented in Table 6. 

Association between diabetes mellitus and glucose level in GCF 

Numerous endeavors have aimed to devise a simple, 

non-invasive, and painless method for accurate and val-

idated glucose level monitoring [76, 78-82]. Among 

these approaches, the analysis of GCF glucose levels 

has exhibited promising outcomes [76, 78-82].  

In a study conducted by Yamaguchi et al. [80], no-

table correlation coefficients of 0.7 and 0.88 were ob-

served between glucose levels in GCF and blood for 

two patient groups of distinct nationalities (Swedish and 

Japanese). Parihar et al. [76] demonstrated a robust pos-

itive correlation between glucose levels in GCF and fin-

gerstick blood (FSB) and venous blood (VB) (r= 0.986 

and r= 0.972 in diabetic patients, and r= 0.820 and r= 

0.721 in non-diabetic individuals). Furthermore, Sande 

et al. [78], through the estimation of glucose levels, ass-

erted that utilizing GCF was significantly superior to 

FSB and comparable to VB. Interestingly, Bhavsar et al. 

[79] reported no significant difference between GCF 

and VB glucose levels, revealing a highly significant 

correlation between these methods (r= 0.972 and r= 

0.721 for diabetic and non-diabetic subjects, respective-

ly).  

Considering the advantages of GCF over FSB and 

VB methods, such as safety, quickness, ease of perfor-

mance, non-invasiveness, and greater patient ac-

ceptance, dentists can employ it for routine examina-

tions to diagnose diabetes [76, 78-79]. 

Association between diabetes mellitus and GCF components 

Numerous studies conducted over the past decades have 

consistently indicated that diabetic patients are more 

susceptible to infections [83-85]. This susceptibility 

stems from various mechanisms through which diabetes 

can disrupt the normal functioning of the body, includ-

ing microRNA dysregulations, impaired cytokine pro-

duction, neutrophil dysfunction, and other immunologi-

cal factors [83].  

Consequently, investigating the impact of diabetes-

induced immune dysfunction on GCF levels of immuni-

ty-related markers appears to be a promising avenue. 

Biomarker deregulation is evident in both CP and 

T2DM [71]. MicroRNAs and specific forms of gene 

regulators are recognized for playing a crucial role in 

certain pathogenic processes involved in CP develop-

ment, such as genetic susceptibility, adaptive immunity, 

and innate immunity [53, 93]. Hence, evaluating the 

deregulated microRNAs in GCF of CP patients with or 

without diabetes could provide insights into their poten-

tial role in diabetes-related CP pathogenesis [71].  

Notably, Elazazy et al. [71] found that GCF levels 

of microRNA-223 and microRNA-200b were signifi-

cantly higher in patients with CP and T2DM compared 

to healthy individuals, suggesting these microRNAs as 

potential therapeutic targets and disease biomarkers. 

Additionally, GCF calprotectin, a major cytoplasmic 

protein of neutrophils, exhibited significantly higher 

levels in patients with T2DM compared to those with 

CP and healthy individuals [74]. 

Immune mediators, such as myeloperoxidase (MPO) 

and matrix metalloproteinase-9 (MMP-9), play a pivotal 

role in chronic disease development, leading to signifi-

cant damage to collagen-rich tissues [86]. However, 

Marinho et al. [87] reported no correlation between 

GCF concentrations of MPO and MMP-9 in con-

trolled/uncontrolled T2DM compared to healthy con-

trols. On the other hand, Sereti et al., have indicated no 

significant difference regarding GCF levels of IL-8, 

MMP-8, and advanced glycation-end products between 

the type 1 diabetes and healthy groups [88]. The type of 

diabetes and the level of inflammation can result in such 

discrepancies among the studies. 

Exploring the GCF protein profile in patients with 

both T2DM and CP, Marinho et al. [87] found increased 

abundance of certain proteins compared to healthy indi-

viduals, including S100A8, S100A9, immunoglobulins, 

myeloperoxidase (MPO), neutrophil, azurocidin, and 

elastase. Conversely, a decreasing trend was observed in 

proteins, like cathelicidin (an antimicrobial peptide) and 

annexin A1 [87]. Human β-defensin-1 (HβD-1), a key 

element in the appropriate interaction between epithelial 

surfaces and microbiota in normal conditions and in-

volved in innate immunity [89-91], exhibited a signifi-

cant decrease in T2DM patients with/ without general-

ized periodontitis compared to healthy individuals [89]. 

Consequently, altered levels of HβD-1 in GCF may 

contribute to the increased susceptibility of T2DM pa-

tients to periodontitis. 

In addition to immunity-related biomarkers, in-

flammatory-related biomarkers play a pivotal role in 

pathogenesis, among which visfatin, a chemical media-



GCF and Systemic Diseases   Amiri MA, et al 

12 

tor associated with both CP and T2DM [23, 92], stands 

out. Visfatin functions as an enhancer of inflammatory 

processes induced by microbial invasion [92-93]. Mish-

ra et al. [92] found that patients with both CP and 

T2DM exhibited significantly higher GCF levels of 

visfatin compared to healthy individuals and patients 

with CP and controlled T2DM.  

Another key inflammatory mediator in diabetes and 

periodontitis is IL-1β [83]. IL-1β, present in GCF, pos-

sesses bone resorptive features and stimulates the pro-

duction of prostaglandins (PGs), collagenase, and other 

proteases, contributing to soft tissue degeneration [94]. 

Bulut et al. [94] reported that increased levels of IL-1β 

in T2DM may be linked to alterations in immune re-

sponse, suggesting that T2DM intensifies the inflamma-

tory response to bacteria, thereby worsening the perio-

dontal condition of diabetic patients compared to non-

diabetic individuals. Other pro-inflammatory bi-

omarkers in this regard are dipeptidyl peptidases-4 

(DPP-4) and Galectin-3 (Gal-3). In this regard, Păvălan 

et al. [95], assessed these biomarkers among four 

groups: healthy individuals, patients with periodontitis, 

patients with periodontitis and heart failure, patients 

with periodontitis, heart failure, and T2DM. The results 

indicated highest Gal-3 values for the patients with per-

iodontitis and heart failure with and without T2DM. 

DPP-4 exhibited elevated levels in all the study groups 

compared to the control group.  

Adipokines, a group of biomarkers critical in in-

flammation caused by diabetes [96-98], also play a sig-

nificant role. Vaspin, an adipokine linked to the severity 

of diabetes [99-101], was found by Doğan et al. [101] to 

have significantly higher total concentrations in patients 

with T2DM + CP compared to patients with CP alone 

and in patients with T2DM compared to healthy indi-

viduals. In contrast, omentin-1, another adipokine with 

anti-diabetic, anti-atherogenic, and anti-inflammatory 

characteristics [101-102], exhibited significantly lower 

total concentrations in the presence of T2DM or CP 

compared to healthy controls. These adipokines, along 

with chemerin, recently discovered and influencing lipid 

and glucose metabolism and inflammation [99-101], 

showed significantly higher GCF levels in patients with 

T2DM + CP compared to patients with CP alone and in 

patients with T2DM compared to healthy individuals. 

Additionally, a positive correlation was found between 

chemerin and glycated hemoglobin (HbA1c) [103]. 

Consequently, chemerin could be considered a potential 

inflammatory biomarker for T2DM in GCF.  

In conclusion, GCF-related biomarkers associated 

with diabetes mellitus encompass glucose levels, im-

munity-related biomarkers (e.g., calprotectin, S100A8, 

S100A9, immunoglobulins, MPO), and inflammatory-

related biomarkers (e.g., visfatin, IL-1β, adipokines like 

vaspin and chemerin). Further investigation is warranted 

to comprehensively understand the multidirectional 

interactions between diabetes and periodontal status. 

Cardiovascular diseases 

Cardiovascular diseases stand out as prevalent 

conditions linked to patients' lifestyles [104]. Emerging 

evidence points towards a potential association between 

atheromatous diseases and periodontitis [105]. Recent 

studies [106-108] indicate that individuals with 

periodontal disease may be prone to aortic stiffness, 

vascular endothelial dysfunction, and atherosclerosis. 

The exploration of the interplay between these 

conditions [106-108] has prompted further 

investigations, particularly examining the potential 

influence of cardiovascular diseases on the GCF. A 

concise summary of relevant studies is provided in 

Table 7. 

Association between atherosclerosis and GCF components  

As inflammation plays a primary role in both periodon-

titis and atherosclerosis [109], a specific parameter de-

tectable GCF that could indicate the risk of developing 

atherosclerosis is leukotrienes concentration, the pro-

inflammatory mediators derived from lipids. According-

ly, Bäck et al. [109] investigated the possible relation 

between GCF leukotrienes and atherosclerotic plaques 

with the GCF-related molecules. During the ultrasonog-

raphy, 13 patients from the study group and 5 from the 

control group were detected with atherosclerosis. Pa-

tients diagnosed with atherosclerosis were attributed to a 

significant increase in the level of cysteinyl-leukotriene 

in GCF. Based on the results of this study, increased 

levels of leukotriene in GCF could act as an indicator of 

the risk of developing atherosclerosis. As suggested by 

several studies [109-110], atherosclerosis is one of the 

main cardiovascular diseases associated with elevated 

levels of low-density lipoprotein (LDL) [110], oxidized 

LDL (oxLDL) [110], and the possible role of bacteria 

[111] and inflammatory mediators [109, 112]. The  
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Table 7: The summary of selected studies on the GCF in patients with cardiovascular diseases. 
 

Author 

(year) 
Study Group(s) 

Measured 

Biomarkers 

GCF sampling 

method 
Method Outcomes 

Çalapkorur et 

al. (2017) 

[121] 

I: PAD 

II: Healthy 

individuals 

IL-1b, pentraxin 

3, and CRP 

Filter paper 

Strips 
ELISA 

- No significant difference in 

periodontal parameters was observed 

between the control and study group. 

- No significant difference was found 

between groups concerning the GCF 

biomarkers. 

- The odds ratio for developing PAD 

appeared to increase in the presence of 

periodontitis. 

Ertugrul et al. 

(2017) [112] 

I: CP + 

Atherosclerosis 

II: CP 

CCL-28 and 

ADM 
Paper strips ELISA 

- Reduction of antimicrobial peptides 

in GCF as a result of the treatment 

could have a positive effect on 

reducing local inflammation. Reduced 

local inflammation could positively 

affect the prognosis of atherosclerosis. 

Hayashi et al. 

(2015) [106] 
CAD 

lactoferrin and 

α1-antitrypsin 

Brush 

(Perio-catcher) 

A diagnostic kit 

for periodontal 

disease 

- There was not any significant 

correlation between measured 

biomarkers and the severity of 

atherosclerosis. However, the GCF 

levels of lactoferrin and α1-antitrypsin 

were significantly correlated (p< 

0.001). 

Shah et al. 

(2014) [105] 

I: CP 

II: Healthy 

individuals 

oxLDL and LDL 
Paper points and 

Paper strips 
ELISA 

The enhanced levels of oxLDL in 

patients with CP can increase the risk 

of developing atherosclerosis. 

Ehlers et al. 

(2011) 

[122] 

I: AMI + CP 

II: Healthy 

individuals 

MMP-8 
Standardized MMP-

8 collection strips 
Dento Analyzer 

Higher MMP-8 rates could be related 

to periodontal inflammation (p= 

0.001). Measuring GCF levels of 

MMP-8 could shed light on the 

severity of the AMI. 

Haba et al. 

(2011) [120] 

I: CP 

II: CP + TIA 

III: Healthy 

individuals 

CRP and IL-6 Paper points ELISA 

A significant increase in GCF levels of 

CRP only was observed in the group of 

CP + TIA. 

- IL-6 serum level is considered as an 

acceptable predictor of TIA 

development in patients with 

periodontitis. 

- Periodontal disease significantly 

affects developing TIA (p< 0.001). 

Chen et al. 

(2010) [116] 

I: CP 

II: CAD 

III: CP + CAD 

IV: Healthy 

individuals 

PAF 
Filter paper 

strips 
ELISA 

- The GCF levels of PAF in groups I 

and III were significantly higher than 

group II and the control group with no 

significant difference between groups I 

and III. Group II also showed a 

significant difference compared to the 

control group. 
 

Abbreviations: AMI: Acute myocardial infarction, CAD: coronary artery disease, CP: Chronic periodontitis, ELISA: Enzyme-linked immunoassay, 
(ox)LDL: (oxidized) Low-density lipoprotein, PAD: Peripheral arterial disease, PAF: Platelet-activating factor, RT-PCR: Reverse transcription 

polymerase chain reaction, TIA: Transient ischemic heart attack 

 

aforementioned biomarkers can be classified as poten-

tial candidates for future investigations concerning their 

fluctuations in GCF. 

Association between coronary artery disease (CAD) and GCF 

components 

A potential biomarker associated with the impact of 

CAD on GCF is platelet-activating factor (PAF) [113-

115], a pro-inflammatory mediator that stimulates 

smooth muscle contraction and enhances endothelial 

cell monolayer permeability [116-118]. Zheng et al. 

[119] emphasized PAF's crucial role in periodontitis 

pathogenesis. Chen et al. [116] investigated local and 

systemic PAF levels in patients with periodontitis, 

with/without CAD, and healthy individuals to evaluate 

whether PAF levels in GCF might be elevated due to 

periodontitis or CAD. The study included 25 patients 
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with periodontitis (group 1), 19 with periodontitis+ 

CAD (group 2), 19 with CAD (group 3), and 24 healthy 

individuals (group 4) [116]. GCF PAF levels were sig-

nificantly (p< 0.001) higher in the first three groups 

compared to the control group. PAF levels in patients 

with periodontitis and patients with periodontitis + CAD 

were significantly higher than in patients with CAD (p< 

0.05 and < 0.001, respectively). However, no significant 

difference was observed between patients with perio-

dontitis and those with periodontitis + CAD. In conclu-

sion, PAF is released into the serum of patients with 

periodontitis to an extent comparable to patients with 

CAD, but no additive effects were observed when both 

diseases were present [116]. 

Considering the changes in inflammatory biomarke-

rs of GCF in patients with periodontitis and CAD [106], 

Hayashi et al. [106] measured lactoferrin (Lf) and α1-

antitrypsin (AT) levels in GCF of patients with CAD. 

GCF-Lf and GCF-AT concentrations were 0.29±0.36 

µg/mL and 0.31±0.66µg/mL, respectively. A significant 

correlation was found between these two parameters (r= 

0.701, p< 0.001). However, no significant correlation 

was observed between these parameters and atheroscle-

rosis indicators, including carotid artery plaque score, 

maximum intima-media thickness, flow-mediated dila-

tion of the brachial artery, and brachial-ankle pulse 

wave velocity (p> 0.05). Additionally, in patients with 

single, double, or triple-vessel CAD, the difference in 

GCF parameter levels was not significant (p> 0.05).  

Association between transient ischemic heart attacks and GCF 

components 

In a study by Haba et al. [120], pro-inflammatory bi-

omarkers, including CRP and IL-6, were examined in 

both GCF and serum to investigate periodontal damage 

in patients with periodontitis and transitory ischemic 

attacks (TIA). A noteworthy finding was a significant 

(p< 0.05) increase in GCF levels of CRP observed ex-

clusively in patients with both TIA and periodontal dis-

ease [120]. In an effort to identify subjects with perio-

dontal disease at high risk for TIA development, a score 

function based on various parameters was evaluated. 

The results indicated that the score function concerning 

GCF levels of CRP and IL-6 was not statistically signif-

icant [120]. However, the IL-6 serum level emerged as a 

credible predictor for TIA development in patients with 

periodontitis. Additionally, periodontal disease demon-

strated a statistically significant function score, under-

scoring the role of periodontitis in the development of 

TIA (p< 0.001) [120].  

Association between peripheral arterial disease and GCF compo-

nents 

In a study investigating the impact of peripheral arterial 

diseases (PAD) on GCF biomarkers, Çalapkorur et al. 

[121] examined 40 patients with PAD and 20 healthy 

individuals. GCF samples, collected using filter paper, 

were assessed for interleukin-1 β, pentraxin 3 (an in-

flammatory cytokine), and C-reactive protein. Despite 

analyzing periodontal clinical parameters (gingival in-

dex, plaque index, bleeding point index, clinical attach-

ment level, and pocket depth), no significant differences 

were observed between the groups. Moreover, there was 

no notable distinction among the three clinical parame-

ters of GCF. Logistic regression analysis indicated that 

the odds ratio for developing PAD appeared to increase 

with a rate of 5.842 in the periodontitis group [121]. It 

was suggested that periodontitis could increase the odds 

ratio for developing PAD. 

Association between acute myocardial infarction and GCF com-

ponents 

In a cohort observational study by Ehlers et al. [122], 20 

patients with acute myocardial infarction (AMI) were 

compared to 20 healthy individuals with similar perio-

dontal conditions, focusing on measuring Matrix Metal-

loproteinase-8 (MMP-8) levels in the GCF. Active 

MMP-8 (aMMP-8) concentrations were found to be 

significantly higher in the AMI group (p= 0.001) [122]. 

These results suggested a potential link between elevat-

ed MMP-8 in the study group and chronic periodontal 

inflammation [122]. Consequently, AMI appears to 

influence the severity of periodontal inflammation 

through inflammation-related biomarkers, particularly 

MMP-8. Therefore, assessing GCF levels of MMP-8 

could serve as a valuable analysis to gain insights into 

the severity of the disease. Examining biomarker con-

centrations in GCF of patients with cardiovascular dis-

eases reveals a predominant association with inflamma-

tory processes, encompassing chemokines [112], inter-

leukins [121], adipokines [112], pentraxin [121], CRP 

[121], and MMP-8 [122].  

It is noteworthy that evaluating specific biomarkers 

related to a disease contributes to understanding system-

ic conditions and complications resulting from perio-
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dontal disease. In this context, given the pivotal role of 

LDL and oxLDL in the pathophysiology of atheroscle-

rosis, Schenkein et al. [110] have highlighted the en-

hancement of GCF-related levels of LDL and oxLDL in 

patients diagnosed with cardiovascular diseases. 

AIDS 

AIDS, a retroviral disease renowned for its immunosup-

pressive nature, is associated with secondary neoplasms, 

neurological manifestations, and opportunistic infecti-

ons [123]. The human immunodeficiency virus (HIV), 

the primary cause of AIDS, is implicated as a risk factor 

for various oral diseases [124]. The oral cavity is cons-

idered a potential reservoir for this virus [127-130], a 

notion supported by recent findings revealing the 

detection of HIV DNA and RNA sequences in GCF and 

saliva of infected patients [124-127]. Therefore, evalua-

ting the content of GCF holds promise for clinicians in 

the diagnosis and management of AIDS (Table 8). 

Associations between AIDS and GCF components 

In a study conducted by Atram et al. [123], the diagnos-

tic potential of GCF as a marker for AIDS was investi-

gated. The study involved 37 HIV-positive and 37 HIV-

negative individuals, with GCF and saliva samples col-

lected. Remarkably, HIV antibodies were detected in 

GCF with positive/negative predictive values, specifici-

ty, and sensitivity of 100% [123]. This suggests that 

GCF could be a more favorable sampling source com-

pared to other samples like serum and saliva, as saliva 

contains 800-1000 times less antibody content than se-

rum [123]. When considering the differences in sample 

preparation between GCF and serum, the advantages of 

GCF include lower cost, smaller sample requirements, 

reduced discomfort, non-invasiveness, safer disposal, 

easier collection, and improved patient compliance. 

GCF, as a diagnostic medium, offers essential insights 

into disease stage and treatment type [124].  

Elizondo et al. [124] collected GCF samples from 

78 HIV-positive and 39 HIV-negative individuals, strat-

ified based on age-specific CD4+ T-lymphocyte count 

(<1 yr, 1–5 yrs, and >5 yrs) and the type of antiretrovi-

ral therapy (ART), which included non-ART (n = 6), 

Naive ART (n = 8), short-term ART (n= 41), and long-

term ART (n= 23). GCF levels of IL-6, IL-7, IL-10, IL-

12, monocyte chemotactic protein-1 (MCP-1), and 

granulocyte colony-stimulating factor (G-CSF) were 

significantly different between subgroups (p< 0.05). 

Furthermore, in the non-ART group, the GCF level of 

IL-8 was identified as a significant predictor of patient 

status (p< 0.05). Notably, GCF levels of G-CSF yielded 

similar results among short-term ART patients. These 

findings underscore the accuracy of certain biomarkers 

in determining the HIV patient's status and the type of 

treatment administered [124]. 

Another common issue among HIV-positive indi-

viduals is the loss of periodontal support, leading to 

tooth loss. In a study by Baqui et al. [128], IL-1β, IL-6, 

and tumor necrosis factor-alpha (TNF-α) levels in GCF 

were assessed in 39 HIV-positive patients with varying 

probing depths. Notably, HIV-positive patients exhibit-

ed a statistically significant increase in all three pro-

inflammatory cytokines in both shallow and deep perio-

dontal pockets compared to systemically healthy indivi-
 

Table 8: The summary of selected studies on the GCF biomarkers in patients with acquired immunodeficiency syndrome 

 

Author 

(Year) 

Study 

group(s) 

Measured bi-

omarkers 

GCF sampling 

method 

Method of  

evaluation 
Outcomes 

Atram et al. 

(2015) [123] 

I: HIV-

positive 

patients 

II: Healthy 

individuals 

HIV antibodies 
Kimble disposable 

5µl microcapillaries 
ELISA 

- GCF can be used as a favorable sampling 

source compared to serum and saliva for the 

diagnosis of AIDS. 

Elizondo et 

al. (2017) 

[124] 

I: HIV-

positive 

II: Healthy 

individuals 

IL-6, IL-7, IL-8, 

IL-10, IL-12, 

MCP-1, and G-

CSF 

Paper strips 

Bioplex ProTM 

Human Cytokine 

17-plex Assay 

- The GCF levels of IL-8 can predict the 

status of patients undergoing no antiretrovi-

ral therapy. Moreover, G-CSF is found to 

have the same role in patients undergoing 

short-term antiretroviral therapy. 

Baqui et al. 

(2000) [128] 

I: HIV-

positive 

patients 

II: Healthy 

individuals 

IL-1b, IL-6, and 

TNF-a 
Paper strips ELISA 

- HIV-positive patients have higher levels 

of pro-inflammatory cytokines in their 

GCF, which may be associated with the 

development of advanced periodontal le-

sions. 
 

Abbreviations: ELISA: Enzyme-linked immunoassay, HIV: Human immune deficienc 
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duals. These cytokine levels were notably higher in 

deep pockets. This suggests a connection between these 

cytokines and the development of advanced periodontal 

disease in HIV-positive individuals, highlighting the 

need for enhanced follow-up and clinical monitoring of 

their periodontal health. Drawing from the results of the 

reviewed studies [123-4, 128], it is clear that AIDS 

serves as a risk factor for the development of periodon-

tal diseases [129-130].  

To elucidate potential correlations and mechanisms, 

several studies have been conducted [130-132]. One 

such study by Alpagot et al. [133] explored the associa-

tion between GCF levels of transforming growth factor-

beta 1 (TGF-β1) and the status of periodontitis in HIV-

positive patients. Their findings indicated significantly 

elevated GCF levels of TGF-β1 in periodontal tissues 

affected by advanced periodontitis compared to non-

affected sites [133]. Furthermore, TGF-β1 levels corre-

lated with viral load and CD4+ cell count during the 6-

month follow-up period (p< 0.05) [133]. These results 

can be attributed to the role of TGF-β1 as a growth fac-

tor that supports fibroblastic differentiation of periodon-

tal ligament (PDL) progenitor cells and the maintenance 

of periodontal structures [134]. As a result, GCF con-

centrations of TGF-β1 are enhanced in periodontal dis-

ease associated with AIDS.  

In summary, the studies discussed above [123-124, 

128, 133] demonstrate the potential for reliable assess-

ment of antibodies against HIV using GCF samples. 

Additionally, fluctuations in specific inflammation-

related indicators and biomarkers [123], along with 

growth factors associated with periodontal tissue re-

modeling and regeneration [133], are evident in patients 

with AIDS. These findings underline the significance of 

GCF as a valuable diagnostic resource for HIV-related 

oral and systemic health. 

The intimate interplay of GCF and the systemic conditions  

This comprehensive review provided a summary of 

current evidence of the relationship between GCF bio-

molecules and commonly investigated systemic condi-

tions, with a particular focus on their biological and 

prognostic implications. It is evident that GCF, as a 

reservoir of diverse biomarkers, including various other 

biomolecules, exhibits positive correlations with sys-

temic diseases and the state of periodontal and other oral 

tissues [63-34, 123, 135].  

Originating from the micro-capillaries beneath the 

junctional epithelium of the gingival sulcus [1-2], GCF 

should be recognized as a liquid bio-sample for specific 

molecule evaluations. We conducted an analysis of how 

various pathologies influence the quantitative and quali-

tative composition of GCF. While specific GCF bi-

omarkers for most systemic diseases have not yet been 

identified for diagnostic purposes, it is evident that the 

commonality among these pathologies lies in their asso-

ciation with hyperinflammatory states, which manifests 

as fluctuations in biomarker levels within GCF.  

It is hypothesized that these variations may be dis-

ease-specific, as illustrated in Figure 2, implying the 

potential for a set of biomarkers to serve as predictive 

models for medical conditions (Figure 2). Profiling mul-

tiple GCF biomarkers may enable the prediction of the 

progression or development of specific systemic diseas-

es, though this hypothesis requires further investigation.  

Building on the evidence-based theory of the bidi-

rectional relationship between periodontitis and general 

health, where periodontal tissue inflammation can trig-

ger systemic inflammatory responses in distant tissues 

and organs [136-137], this review underscores the im-

portance of studying the release of inflammatory and 

immunologic biomarkers as a bridge connecting oral 

and systemic health. 

Interestingly, on the other hand, the alterations im-

pacting the inflammatory and immunologic biomarkers 

in GCF are not deemed to be a highly specific indicator 

of the development of systemic disease [138]. These 

biomarkers can also be released by the periodontal tis-

sue by activation of localized inflammatory processes 

due to advanced periodontal disease [139-140]. This 

could trigger a subsequent cascade of pathological 

mechanisms within periodontal tissues, including perio-

dontal attachment loss, bone resorption, and so on 

[139]. It has to be noted that two methods of evaluating 

biomarkers in GCF exist, including the quantitative as-

sessment of the biomarker’s concentration and the total 

amounts of the collected biomolecules [62]. These 

methods can deliver different diagnostic outcomes as 

seen in the study by Biyikog˘lu et al. [62] who observed 

that the concentration of TIMP-1 was not significant 

among the groups; though the total amount of collected 

TIMP-1 was elevated in patients with RA-CP, CP, or 

gingivitis compared to healthy individuals. Such differe-
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Figure 2: The impact of systemic diseases on GCF molecular biomarkers. Schematic infographic illustrating molecular mechanisms and 

cellular pathways within healthy and inflamed periodontium. A wide range of endogenic biomolecules associated with particular medical 

conditions (Abbreviations: α4β7: Integrin alpha-4 beta-7, ADM: Adrenomedullin, Aggrecan: Cartilage-specific proteoglycan, CCL-28: 

Chemokine (C-C motif) ligand 28, Chimerin: Family of GTPase-activating proteins, CRP: C-reactive protein, GCF: Gingival crevicular 

fluid, G-GCSF: Granulocyte colony-stimulating factor, HBsAg: Hepatitis B surface antigen, HD-1: Human defensin-1, HCV RNA: 

Hepatitis C virus ribonucleic acid, HIV Ab: Human immunodeficiency virus antibody, IL-1: Interleukin-1, IL-4: Interleukin-4, IL-6: 

Interleukin-6, IL-6,7,8: Interleukins 6, 7, and 8, IL-7: Interleukin-7, IL-8: Interleukin-8, IL-9: Interleukin-9, IL-10: Interleukin-10, IL-

10,12: Interleukins 10 and 12, IL-12: Interleukin-12, IL-18: Interleukin-18, IL-23: Interleukin-23, LDL: Low-density lipoprotein, MCP-

1: Monocyte chemoattractant protein-1, MIF: Macrophage migration inhibitory factor, MMP: Matrix metalloproteinase, MMP-8: Matrix 

metalloproteinase-8, MMP-9: Matrix metalloproteinase-9, MMP-13: Matrix metalloproteinase-13, MPO: Myeloperoxidase, NLRP3: 

NOD-, LRR- and pyrin domain-containing protein 3, oxLDL: Oxidized low-density lipoprotein, PAF: Platelet-activating factor, PAI-2: 

Plasminogen activator inhibitor-2, PGE2: Prostaglandin E2, RANTES: Regulated upon activation, normal T cell expressed and secreted 

(CCL5), sNRP-1: Soluble neuropilin-1, TIMP-1: Tissue inhibitor of metalloproteinases-1, TNF: Tumor necrosis factor, TNF-α: Tumor 

necrosis factor-alpha, Vaspin: Visceral adipose tissue-derived serine protease inhibitor, Visfatin: Visceral fat-derived adipokine). 
 

nce in the biomarkers’ level was merely dependent upon 

the methodological variations, which should be careful-

ly taken into consideration when designing the study 

protocol. The essential steps required to validate specif-

ic GCF molecules as biomarkers of systemic diseases 

are presented on Figure 3. 

Limitations and future prospects 

All the aforementioned studies highlight GCF as a pivo- 

 

 
 

Figure 3: Schematic representation illustrating the research protocol to detect and validate specific GCF biomarkers for diagnosis and 

monitoring of systemic diseases, including multi-target molecular and genetic analysis 
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tal resource for supporting clinicians and researchers in 

investigating the intricate relationship between systemic 

diseases and periodontal structures, whether in a 

unidirectional or bidirectional manner. Given the 

accessibility and biomarker-rich nature of GCF, it can 

serve as a valuable tool for detecting systemic 

imbalances and oral tissue pathologies. Despite the 

siginificant outcomes in biomarkers levels, study 

desrepancies should also be noted [65, 141]. Therefore, 

conducting standard protocols for assessment and 

verification of biomarkers is recommended to 

standardize the extraction and detection procedures.  

We recommend further multicenter clinical 

observational studies and in vivo investigations to assess 

the sensitivity and specificity of GCF in diagnosing and 

prognosticating systemic diseases. 

To further apply GCF biomarkers for economical 

and effective screening, diagnosis, and monitoring of 

the systemic diseases, accurate implementation of omics 

analysis and AI-driven approaches can serve as a fron-

tier for the future investigations. Including the current 

data into large-scale datasets will enable the machine 

and deep learning methods to provide valid and reliable 

models in this regard. For instance, generative adversar-

ial networks (GANs) show promise in developing multi-

omics interactions and improve phenotype prediction 

accuracy for various systemic diseases [138]. Applica-

tion of different AI systems in both classification and 

generating possible disease-like phenotypes will en-

hance the applicability of GCF biomarkers for accurate 

diagnosis and monitoring. Implementing these ap-

proaches will provide the opportunities for the future 

role of GCF in personalized medicine. 

 

Conclusion 

Within the constraints of this comprehensive review 

article, we have established that various systemic 

diseases, including metabolic syndrome, liver diseases, 

cardiovascular diseases, infections, and autoimmune 

diseases, can induce significant qualitative and 

quantitative alterations in the GCF compartment. Most 

of the biomarkers within the GCF-systemic health axis 

are of inflammatory and immunologic origin. The 

potential role of GCF in the clinical diagnostic process 

of systemic diseases is of paramount importance, 

considering its underexplored potential in personalized 

point-of-care diagnostics. Further, in-depth data derived 

from longitudinal studies, standardization protocols, or 

multicenter trials can significantly enhance our unders-

tanding of the potential of GCF in screening, diagnosis, 

and longitudinal monitoring of systemic diseases. 
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