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Abstract

Metabolic syndrome (MetS) is a global health concern characterized by a cluster of metabolic
abnormalities, including central obesity, hypertension, hyperglycemia, and dyslipidemia, which
increase the risk of cardiovascular disease and type 2 diabetes. This systematic review and meta-
analysis aimed to assess the diagnostic value of salivary C-reactive protein (CRP) as a non-invasive
biomarker for MetS. A comprehensive search of PubMed, Cochrane Library, and Web of Science was
conducted through December 2024. Eligible studies reported salivary CRP levels in individuals with
and without MetS. Two independent reviewers extracted data on study design, demographics, CRP
measurement methods, and diagnostic criteria for MetS. Meta-analyses were performed using
random-effects models to calculate pooled standardized mean differences (SMDs) with 95%
confidence intervals. Among 863 records screened, 19 studies involving 3,157 participants met the
inclusion criteria. The pooled results showed significantly higher salivary CRP levels in individuals
with MetS compared to controls (Hedges’ g =1.02; 95% CI: | 0.23, 1.81] P =0.01). High between-study
heterogeneity was observed (I2 = 98.91%, P < 0.001), and funnel plot asymmetry suggested potential
publication bias or underlying heterogeneity. These findings suggest that salivary CRP may serve as
a promising non-invasive biomarker for detecting metabolic syndrome.

Keywords: salivary C-reactive protein; CRP; metabolic syndrome; salivary biomarkers

1. Introduction

Metabolic syndrome (MetS) has emerged as a significant global health challenge, characterized
by a constellation of interconnected metabolic abnormalities, including central obesity, elevated
blood pressure, dyslipidemia, insulin resistance, and impaired glucose regulation [1]. Together, these
risk factors significantly elevate the likelihood of developing type 2 diabetes mellitus and
cardiovascular diseases, the two leading causes of global morbidity and mortality [2]. Alarmingly,
current estimates suggest that nearly one-quarter of the world’s adult population is affected by MetS,
with prevalence continuing to rise in parallel with the global obesity epidemic and sedentary
lifestyles [3,4].

Although MetS is not classified as a disease in itself, it functions as a potent indicator of
underlying pathophysiological dysregulation[5]. The clustering of its components is not random;
rather, it reflects a shared basis in chronic low-grade systemic inflammation and insulin resistance
[6]. One of the challenges with MetS is its insidious progression [7]. Often asymptomatic in its early
stages [2], it may go undetected until serious complications such as myocardial infarction [8], stroke
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[9], or type 2 diabetes manifest [10]. This silent nature underscores the need for early identification
and proactive management of individuals at risk [11].

A growing body of evidence supports the use of inflammatory biomarkers as early indicators of
metabolic dysregulation [11]. Among these, C-reactive protein (CRP) has emerged as one of the most
clinically relevant [12]. CRP is a hepatic acute-phase protein produced in response to cytokines,
especially interleukin-6 (IL-6), and its levels rise in response to systemic inflammation [13].
Numerous studies have demonstrated a strong correlation between elevated serum CRP [14] and the
onset and severity of MetS [15], suggesting its value in both risk prediction and monitoring disease
progression. Elevated CRP levels are also associated with less frequently assessed, but clinically
relevant, features of MetS such as endothelial dysfunction[16], hypercoagulability[17], and
microalbuminuria [18], further reinforcing its role as a surrogate marker of systemic inflammation
and metabolic imbalance [19]. CRP has emerged as a strong and independent predictor of both the
onset of type 2 diabetes and cardiovascular disease [18-20].

Despite its clinical utility, measuring CRP in serum presents practical limitations, particularly in
large-scale screening contexts or among populations where venipuncture is not feasible [21]. Blood
collection is invasive, potentially distressing, and may require trained personnel, sterile equipment,
and controlled conditions, all of which are barriers in low-resource settings or when high-frequency
monitoring is necessary.

This has led to growing interest in saliva as a diagnostic fluid [22]. Saliva offers a convenient,
non-invasive, and cost-effective alternative to blood, with the additional advantage of easy and
repeated sampling [23]. The use of saliva for diagnostic purposes is expanding across several
domains, including infectious diseases, hormonal disorders, and cardiovascular risk assessment [24—
26]. Importantly, emerging evidence suggests that salivary CRP levels strongly correlate with serum
CRP concentrations [27] indicating that salivary CRP may reflect systemic inflammatory status and
thus hold potential as a diagnostic biomarker for MetS.

Despite the growing number of studies investigating salivary CRP [27,28] the literature remains
fragmented and inconclusive. Variability in population characteristics, saliva collection protocols,
CRP assay methods, and diagnostic criteria for MetS has contributed to inconsistent findings. Some
studies report strong associations between salivary CRP and MetS components [29] however,
questions remain about the consistency of salivary CRP in detecting early metabolic dysfunction
compared to its serum counterpart. Given this gap in Knowledge, there is a compelling need to
systematically evaluate the existing evidence. A rigorous synthesis of current research is necessary to
determine whether salivary CRP can be considered a reliable, non-invasive alternative to serum-
based CRP testing in identifying individuals at risk for MetS.

Therefore, the aim of this systematic review and meta-analysis is to assess the association
between salivary CRP levels and the presence of metabolic syndrome. By pooling data from diverse
populations and methodologies, this study seeks to clarify the diagnostic potential of salivary CRP,
evaluate its correlation with MetS components, and explore its possible integration into early
screening programs and public health initiatives. Establishing saliva as a viable diagnostic medium
for MetS could offer a transformative tool in the early detection and management of metabolic risk,
especially in underserved populations and community settings

2. Materials and Methods

2.1. Search Strategy

Publicly This systematic review and meta-analysis was conducted in accordance with the
PRISMA 2020 guidelines.[30] A structured literature search was performed in three electronic
databases: PubMed, Cochrane Library, and Web of Science, covering all records up to December 2024.
PRISMA flow of the selection process is shown in Figure 1.

The PECO (Population, Exposure, Comparator, Outcome) framework guided study selection.
The target population included individuals of any age, gender, and geographic location. The
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exposure of interest was salivary C-reactive protein (CRP) levels. Comparators were individuals
without metabolic syndrome (MetS). The outcome was the presence of MetS, defined according to
standard diagnostic criteria and characterized by one or more of the following: central obesity (BMI,
waist circumference), hyperglycemia (type 2 diabetes, elevated glucose or HbAlc), hypertension,
dyslipidemia (high LDL or low HDL), and cardiovascular disease.

”ou

Search terms included combinations of “saliva,” “salivary,” “C-reactive protein,” “CRP,” and
metabolic-related terms such as “metabolic syndrome,” “obesity,” “BMIL” “type 2 diabetes,”
“hypertension,” and “dyslipidemia.” No language restrictions were applied. After duplicate

removal, titles and abstracts were screened, followed by full-text review.

Records identified from data-

bases (n =863) Records removed before screening
-PubMed (n = 239) duplicate records removed (n = 392)
-Cochrane {n = 104) v
-Web of Science (n = 520)
Records excluded (n = 386)
Records screened (n = 471) —> .
-Reviews,

-meta-analyses
l -Case reports,

-case studies

Reports assessed for eligibility

Full-text articles assessed (n =
85) Full-text articles excluded (n [
= 66)

Reperts excluded
-Animal or in vitro studies

- Irrelevant topic

- Insufficient data

Studies included in review
(n=19)

Figure 1. PRISMA flow diagram of study selection for the meta-analysis.
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2.2. Eligibility Criteria

Inclusion and Exclusion Criteria
Studies were included if they met the following criteria:

¢  Original, peer-reviewed human studies.
¢ Quantitative assessment of salivary CRP levels in both MetS and non-MetS groups.
¢ (lear diagnostic criteria for MetS.

Exclusion criteria were:

e Non-human or in vitro studies.
®  Lack of comparative salivary CRP data.
* Review articles, case reports, editorials, or commentaries.
When data were missing or unclear, study authors were contacted. Two of the three contacted
authors provided the required information; one study was excluded due to non-response.

2.3. Data Extraction and Quality Assessment

Two independent reviewers extracted study details including publication year, country, study
design, sample size, age group, diagnostic criteria, CRP assay methods, and reported salivary CRP
concentrations. All salivary CRP values were converted to picograms per milliliter (pg/mL) for
consistency.

Study quality was assessed using the Newcastle-Ottawa Scale (NOS) for observational studies.
Studies scoring 1-3 were classified as low quality, 4-6 as moderate, and 7-9 as high quality.
[31,32]Discrepancies were resolved through consensus.

2.4. Statistical Analysis

Meta-analysis was performed using STATA version 17. For each study, standardized mean
differences (SMDs) were computed to account for varying measurement scales. Where CRP levels
were reported as medians with interquartile ranges, mean and standard deviation values were
estimated using validated statistical conversions.

A random-effects model (DerSimonian and Laird) was used to account for heterogeneity across
populations, methodologies, and MetS definitions. Statistical significance was defined as P < 0.05.

Heterogeneity was assessed using the I2 statistic and Cochran’s Q test. I values of 25%, 50%, and
75% were interpreted as low, moderate, and high heterogeneity, respectively. Publication bias was
evaluated via funnel plot asymmetry, as seen in Figure 2, and tested with Egger’s and Begg's tests.
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Figure 2. Funnel plot for publication bias assessment for Salivary CRP in MetS vs. healthy controls. The dots
represent the included studies. The funnel plot demonstrated visible asymmetry, and Egger’s test indicated

potential publication bias P < 0.05).
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3. Results

Study Selection and Characteristics

A total of 863 records were identified through database searches. After removing 392 duplicates,
471 records underwent screening. Following abstract and full-text review, 19 studies met the
inclusion criteria and were included in the meta-analysis, representing a cumulative sample of 3,157
individuals from 15 countries.

The included studies spanned diverse populations ranging from children to older adults and
comprised both males and females. Most studies employed cross-sectional designs, with others
utilizing case-control and cohort methodologies. The diagnostic criteria for MetS varied, with most
studies referencing ATP III, IDF, or WHO guidelines. All studies used validated laboratory methods
for salivary CRP quantification, predominantly enzyme-linked immunosorbent assay (ELISA).

Meta-Analysis Findings

The pooled analysis demonstrated that individuals with MetS had statistically significant higher
salivary CRP levels than healthy controls. The overall standardized mean difference (SMD) was 1.02
(95% CI: 1 0.23, 1.81; P < 0.001).

Visual inspection of the forest plot, as seen in Figure 3, revealed that all of studies reported a
positive association between elevated salivary CRP and MetS, except one study [33]. The largest effect
size was observed in a study with participants exhibiting a high burden of cardiovascular risk factors
[34].

Heterogeneity among studies was substantial (I = 98.91%, P < 0.001), reflecting variations in
population demographics, CRP assay protocols, and MetS definitions. Despite this, the directionality
of effect remained consistent across studies.

MPEUUNG DY TIUTUITI wunuo neuges s y vvenyl

Study N Mean SD N Mean SD with 95% CI (%)
Agho, 2021 39 40000 40000 36 10000 20000 M 093[ 046, 1.40] 4.82
Algaderi, 2022 183 52654 52654 117 19436 389.96 WM 069[ 046, 093] 4.88
Algaderi, 2022-2 18 27286 27286 283 35937 7416 W -0.12[-0.59, 0.36] 4.82
Algaderi, 2022-3 43 42218 42218 257 34076 72977 M 0.12[-0.21, 0.44] 486
Bachtiar, 2023 10 215400 127100 13 214100 113100 0.01[-0.78, 0.81] 467 |
Bizjak, 2022 19 7747 8958 19 2192 4803 W 0.76[ 0.11, 1.40] 4.75
Ebersole, 2017 92 5000 5000 111 1000 2000 W 1.08( 0.79, 1.38] 487
Goodson, 2014 50 377.995 122325 100 164.365 310.545 [ 0.28(-0.06, 062] 4.86
Janem, 2017 16 25013 25947 19 61647 147867 W -0.32(-0.98, 0.33] 474
Labata, 2013 81 300 62098 178 160 15598 0.04[-0.22, 0.30] 4.87
McGeer, 2020 9 16000 15000 57 2500 3250 m| 218 1.39, 297] 4.67
Miller, 2014 92 4500 2500 105 1500 1000 W 161[ 1.29, 193] 486
Mrag, 2020 300 4220000 570000 300 4150000 530000 [ 0.13[-0.03, 0.29] 4.89
Naidoo, 2012 53 7.31 93 53 6.77 92 . 058 0.19, 097] 484
Ozmeric, 2024 13 756.5 3625 10 3953 420.6 . 090 0.06, 1.73] 4.65
Punyadeera, 2011 28 93 25 55 8.7 - m 273 211, 3.34] 476
Safabakhsh, 2022 46 2630 690 46 2840 1030 -024[-064, 0.17) 484
Sarhat, 2017 33 3.609 268 33 1.484 139 " 984 8.09, 11.58) 3.95
Selvaraju, 2019 36 2155 32034 40 36.71 10401 W 076 0.30, 1.22] 4.82
Tvarijonaviciute, 2020 40 5790 9630 89 2040 6470 W 049( 0.12, 087] 485
Zambon, 2018 16 4978.5 3500 20 32477 2500 W 0.57[-0.09, 1.22] 4.74
Overall Red 1.02[ 0.23, 1.81]
Heterogeneity: 1° = 3.31, I” = 98.91%, H’ = 91.42
Test of 8, = 8: Q(20) = 314.36, p = 0.00
Testof0=0:2=253, p=0.01
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Figure 3. Forest plot displaying the standardized mean difference (Hedges’ g) of salivary CRP levels between individuals

with metabolic syndrome and healthy controls.
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Quality Assessment

The methodological quality of the included studies was evaluated using the Newcastle-Ottawa
Scale (NOS). Most studies were rated as moderate to high quality, with NOS scores ranging from 5
to 8 out of a possible 9. Common strengths included clearly defined objectives, appropriate selection
of cases and controls, and reliable CRP assay techniques. However, several studies lacked detailed
reporting on blinding procedures, sample size justification, or control for potential confounders such
as oral health status and smoking. Variability in the diagnostic criteria used for defining MetS also
introduced potential risk of misclassification bias. Despite these limitations, the overall quality of
evidence was sufficient to support a meaningful meta-analysis, and no studies were excluded on the
basis of poor quality alone. Quality scores were not significantly associated with effect sizes in
subgroup analyses, suggesting that the observed association between salivary CRP and MetS was not
driven solely by study quality.

Publication Bias

The quality of the included studies was evaluated using the Newcastle-Ottawa Scale (NOS).
Most studies were rated as moderate to high quality. NOS scores for each study are presented in
Table 1. The primary methodological limitations observed were the lack of blinding and
inconsistencies in the diagnostic criteria used for metabolic syndrome (MetS) across studies.

Table 1. Summary of Included Studies Investigating the Relationship Between Obesity, Diabetes, Heart

Disease, and Hypertension.

Study, Country Outcome Age Study design Population Quality
(obesity, heart Assessment
Age group (in (NOS)

years) disease,
blood pressure)
Agho, 2021 obesity/diabetes | 20-70 Cross sectional Obafemi Awolowo 7
Nigeria University Teaching
Hospitals' Complex lle-
Ife, Osun State
Ebersole, 2017 heart disease At least 18 Cross sectional Hospitals of the 7
United States University of Kentucky

and University of

Louisville
T Naidoo,2102 obesity/diabetes | 9.41 +1.55 Cross sectional Primary school in 8
South African Pietermaritzburg,
countries KwaZulu-Natal.
Labat,2013 hypertension 66+-10 Cohort Clinical center 9
France
Selvaraju, 2019 Obesity/ 6-10 Cross sectional Alabama State (Lee 5
USA diabetes County and Macon

County)
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Miller, 2104

United States

Safabakhsh,2022

Iran

Punyadeera,
2011

Australia

Sarhat, 2017

Iraq

McGeer, 2020

Canada

Alqaderi, 2022

Kuwait

Bizjak,2022

Germany

Goodson,2014
US and Kuwait

Tvarijonaviciute,

2020

Spain

Mrag, 2020

Tunisia

Bachtiar, 2023

Indonesia

Ozmeric, 2024

Cyprus

heart disease

obesity/diabetes

heart disease

obesity/diabetes

heart disease

obesity/diabetes

obesity/diabetes

obesity/diabetes

obesity/diabetes

obesity/diabetes

obesity/diabetes

hypertension

At least 18

35

18-70

29-34

no restriction

10,12,17

5-15

11

8 and 12

mean age 62.05

not reported

28-70
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Cross-sectional

Case-control

Case-control

Case-control

Cohort

Cohort

Case-control

Cross sectional

Cross sectional

Cohort

Cohort

Cohort

University Teaching

Hospital

Hamadan University of

Medical Sciences

Primary health care

setting

Kirkuk Teaching

Hospital

Ontario, Canada

Schools ion Kuwait

Klinik Hochried,
Murnau am Staffelsee;
Germany; Fachklinik
Prinzregent Luitpold,
Germany and sports
club

Kuwaiti schools, US
subjects living in Maine

and Massachusetts

Three schools in a
Mediterranean area of

Spain

Sahloul Hospital,

Sousse, Tunisia

Rumah Sakit Universitas

Indonesia (RSUT)

Periodontology clinic

r(s). Distributed under a Creative Commons CC BY license.
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Zambon,2018 obesity/diabetes | pregnant women | Cohort Antenatal clinic for 8
Italy 18-40 regular checkup in the
Unit of Obstetrics and
Gynecology of the Sacco
Hospital in Milan
Janem 2017 obesity/diabetes 10-19 Cohort "Diabetes Center and 4
USA Endocrine Clinics at

Women and Children's

Hospital of Buffalo"

Key study characteristics are presented, including author, year, country, outcome assessed,
participant age, study design, population source, and quality rating according to the Newcastle—
Ottawa Scale (NOS). The studies represent diverse geographical regions, with NOS scores indicating
moderate to high methodological quality.

4. Discussion

The findings of this meta-analysis demonstrate an elevation in salivary CRP levels among
individuals with metabolic syndrome (MetS) compared to healthy controls. This aligns with the
broader understanding of CRP as a sensitive marker of systemic inflammation and supports the
emerging utility of saliva as a viable, non-invasive diagnostic medium for metabolic disorders [27].

The observed association remained consistent despite substantial heterogeneity across studies,
suggesting a strong underlying biological signal. Variability in study design, population
demographics, CRP assay techniques, and diagnostic criteria for MetS likely contributed to the
heterogeneity, yet the consistency of elevated salivary CRP across diverse settings underscores its
potential reliability as a biomarker. Importantly, all studies included in the analysis reported elevated
salivary CRP levels in participants with MetS or its components, such as obesity[35], diabetes[36],
and cardiovascular disease [37], providing consistent evidence of its diagnostic relevance across
diverse clinical contexts. One exception was noted in a single study [33], where CRP levels were
higher in the control group compared to participants with diabetes; however, this difference was not
statistically significant (p = 0.01).

The generalizability of the findings is reinforced by the geographic and demographic diversity
of the included studies. Data were drawn from 15 countries, including both high-income and middle-
income settings, and encompassed a wide age range, from children and adolescents to older adults.
This global representation strengthens the argument that salivary CRP may be a universally appli-
cable biomarker for MetS risk, adaptable to various healthcare environments, including those with
limited access to conventional diagnostic tools. The inclusion of both pediatric and adult populations
further suggests that salivary CRP can serve as a longitudinal indicator, potentially valuable
throughout the life course.

At the molecular level, CRP is an acute-phase protein synthesized predominantly by hepatocytes
in response to pro-inflammatory cytokines such as interleukin-6 [38]. While conventionally measured
in serum [39], CRP is increasingly detectable in saliva [27] where its concentration reflects systemic
inflammatory activity [28]. This is particularly significant because saliva collection is non-invasive,
stress-free, and easily repeatable, offering practical advantages over venipuncture, especially for
vulnerable or high-volume populations [40].

Previous literature supports the validity of salivary CRP as a proxy for systemic inflammation.
Studies such as Ouellet-Morin et al. (2011) and Out et al. (2012) demonstrated moderate to strong
correlations between salivary and serum CRP levels under controlled collection conditions,
establishing proof-of-concept for clinical applicability [28,41]. La Fratta et al. (2018) extended this
evidence by showing that salivary CRP dynamics mirror those of serum CRP across both

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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physiological and pathological states [42]. These findings are complemented by systematic reviews
that confirm the analytical validity of salivary CRP assays and their potential utility in monitoring
chronic inflammatory states [21].

This review also revealed that salivary CRP levels were elevated not only in individuals
diagnosed with MetS but also in subgroups defined by single MetS components. Five studies
compared CRP levels in participants with and without diabetes [33,36,43-45], nine in obese versus
non-obese individuals [34,35,46-52] and six in participants with cardiovascular disease [37,53-57].
Some studies addressed more than one component[49] highlighting the multifactorial nature of MetS
and the broad inflammatory footprint captured by CRP. This cumulative evidence suggests that
salivary CRP could be useful not just for diagnosing MetS, but also for identifying early-stage
metabolic risk and stratifying individuals by disease severity or progression likelihood.

To our knowledge, this is the first meta-analysis to synthesize evidence on salivary CRP
specifically in the context of MetS. While previous reviews have focused on serum CRP [58], or
generalized inflammatory markers [13], our work addresses a significant gap in the literature and
affirms that salivary CRP correlates with metabolic dysfunction across multiple domains [36, 59].
These findings are consistent with earlier meta-analyses of serum CRP [15] suggesting that salivary
assays may offer a practical alternative without sacrificing diagnostic accuracy.

From a public health perspective, the implications are substantial. Integrating saliva-based CRP
testing into routine screening programs could facilitate earlier detection of metabolic risk, especially
in settings where access to blood testing is limited or logistically challenging. This approach could be
particularly impactful in pediatric care, school health screenings, and remote or resource-constrained
environments. Additionally, the non-invasive nature of saliva collection lends itself to repeated
sampling, making it suitable for monitoring inflammatory trends over time and assessing responses
to interventions.

Despite the promising findings, several limitations should be acknowledged. The diagnostic
criteria for MetS varied across studies, which may have influenced participant categorization and
CRP level comparisons. Additionally, salivary CRP concentrations can be affected by local oral
inflammatory conditions such as gingivitis or periodontitis, which were not consistently reported or
controlled for. This introduces potential confounding, especially in populations with high rates of
undiagnosed oral disease. Furthermore, the predominance of cross-sectional designs precludes
causal inferences; longitudinal studies are needed to establish whether elevated salivary CRP
precedes the onset of MetS or merely reflects existing disease.

To advance the field, future research must prioritize the standardization of saliva collection
protocols and CRP assay techniques to reduce methodological variability and improve data
comparability. Large-scale, prospective cohort studies should explore the predictive value of salivary
CRP for MetS development over time, ideally adjusting for key confounders such as age, sex,
smoking status, oral health, and medication use. It would also be beneficial to evaluate the cost-
effectiveness and feasibility of deploying salivary CRP testing in real-world screening programs,
particularly within schools, community clinics, and primary care settings.

5. Conclusions

In conclusion, this meta-analysis provides compelling evidence that salivary CRP is elevated in
individuals with metabolic syndrome and supports its emerging role as a practical, non-invasive
biomarker for early detection and risk stratification. While more research is needed to confirm its
predictive utility and define clinical thresholds, salivary CRP represents a promising tool in the shift
toward accessible, preventative, and personalized approaches to metabolic health surveillance.
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