
Salivary RANKL/OPG, MIP-1α and Serum Lipids in Periodontitis: Evidence 
across Diabetic and Non-Diabetic Populations– A Narrative review 

 Review 

Received - 08-10-2025 

Accepted - 20-12-2025 

e-ISSN - 2582-7855 

https://doi.org/10.53274/IJCRD.2025.6204 

Abstract   

Background: Periodontitis represents a complex inflammatory disease with significant 
metabolic implications, particularly in type 2 diabetes mellitus patients. Salivary bi-
omarkers offer potential diagnostic insights beyond traditional clinical parameters. 
Objectives: This review examines the performance of salivary biomarkers and serum lipid 
associations in periodontal disease, comparing diabetic and non-diabetic populations while 
evaluating enzymatic marker profiles. 
Methods: We conducted a narrative review using structured searches of PubMed, Embase, 
and Cochrane Library through August 2024, focusing on bone remodeling markers, enzy-
matic profiles, and lipid associations. 
Results: Macrophage inflammatory protein-1α demonstrated strong diagnostic perfor-
mance (AUC 0.94, 94.9% sensitivity, 92.7% specificity at 1.12 pg/mL cutoff) with 18-fold 
elevation in periodontitis patients. RANKL levels and RANKL/osteoprotegerin ratios were 
significantly elevated in periodontal disease. Meta-analysis of 103,468 participants re-
vealed 15% increased dyslipidemia odds with periodontitis, though with substantial hetero-
geneity. Matrix metalloproteinases, antioxidant enzymes, and inflammatory proteases 
demonstrated variable diagnostic utility, accompanied by significant methodological limi-
tations. While small trials demonstrated reductions in inflammatory markers following 
periodontal therapy, the largest randomized trial, involving 290 type 2 diabetes patients, 
showed no significant improvements in lipid profiles. 
Conclusions: Bone remodeling markers, particularly MIP-1α, show promise as adjunctive 
diagnostic tools, though extensive standardization and validation across diverse popula-
tions remain essential. Enzymatic profiles face substantial technical and interpretive chal-
lenges, which limit their clinical utility. Population-specific approaches appear necessary 
given differential responses in diabetic versus non-diabetic patients, with therapeutic lipid 
benefits remaining questionable in diabetic populations. 
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Introduction  
 Periodontal disease affects nearly half the adult population world-
wide, creating a substantial public health burden. The relationship between 
periodontal disease and type 2 diabetes mellitus (T2DM) is particularly 
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concerning each condition worsens the other through 
shared inflammatory pathways [1,2]. This bidirectional 
relationship complicates treatment planning and makes 
traditional clinical assessments insufficient for capturing 
the full scope of disease impact [3,4]. 
 Researchers have turned to salivary biomarkers 
as potential solutions to these diagnostic limitations. 
These non-invasive tests could provide insights that 
standard clinical measures miss [3,5]. Bone remodeling 
markers show the most promise in this field. MIP-1α, 
for instance, achieved impressive diagnostic accuracy in 
recent studies, with sensitivity and specificity rates 
above 90% [6,7]. The RANKL/OPG balance offers an-
other window into the inflammatory processes driving 
both periodontal destruction and systemic metabolic 
dysfunction [8,9].Beyond bone markers, researchers 
have investigated various enzymes found in saliva. Ma-
trix metalloproteinases increase during periodontal dis-
ease [10, 9, 11], while antioxidant enzymes and inflam-
matory proteases exhibit complex fluctuations [12, 13, 
14]. Unfortunately, these enzymatic markers face seri-
ous hurdles. Studies often contradict each other, and 
many enzymes lack the specificity needed for reliable 
periodontal diagnosis [10,11,14]. 
 The systemic implications of periodontal dis-
ease extend to cardiovascular health through altered li-
pid profiles. Meta-analyses involving over 100,000 par-
ticipants reveal a 15% increase in dyslipidemia risk 
among periodontitis patients [15,16]. Yet when re-
searchers test whether treating periodontal disease im-
proves lipid levels, results vary dramatically. Small tri-
als have shown promising reductions in inflammatory 
markers [17], but the largest randomized study in diabet-
ic patients found no significant improvements in lipids 
after intensive periodontal therapy [1]. 
 This disconnect between association and inter-
vention studies highlights a critical gap in our under-
standing. We need to determine which biomarkers truly 
predict treatment outcomes and whether diabetic pa-
tients respond differently from non-diabetic individuals. 
This review consolidates current evidence on the perfor-
mance of salivary biomarkers and lipid associations,  

with special attention to population-specific differences 
and the practical challenges facing clinical implementation. 
 

Methods 

 We conducted a narrative review using structured 
searches of PubMed, Embase, and Cochrane Library 
through August 2024. Search terms encompassed 
"periodontitis," "salivary biomarkers," "RANKL," 
"osteoprotegerin," "MIP-1α," "dyslipidemia," and 
"diabetes mellitus" using Boolean operators. Additional 
searches targeted "metalloproteinases," "antioxidant en-
zymes," and "neutrophil elastase." 

 Inclusion criteria required randomized controlled 
trials, observational studies, or systematic reviews examin-
ing salivary biomarkers, enzymatic profiles, or serum lipid 
associations in periodontal contexts. Studies are needed to 
report diagnostic performance metrics, concentration dif-
ferences, or intervention effects on systemic markers. We 
prioritized studies including T2DM populations. 
Data extraction addressed study design, population charac-
teristics, sample sizes, biomarker specifications, and effect 
estimates. This narrative approach acknowledges methodo-
logical diversity across studies and potential selection bias 
inherent in non-systematic review procedures. 
 

Results 

Diagnostic Performance Reveals Marker-Specific Pat-
terns: 
MIP-1α demonstrates superior diagnostic capabilities 
among salivary biomarkers. Al-Sabbagh et al.'s case-

control study of 80 subjects achieved an AUC of 0.94 with 
94.9% sensitivity and 92.7% specificity at a concentration 
of 1.12 pg/mL [6]. Nisha et al.'s smaller study reported 
perfect diagnostic performance, though this likely reflects 
optimism bias in single-center investigations [7]. Ad-
vanced proteomics using SWATH mass spectrometry has 
identified additional promising biomarkers, though valida-
tion in larger populations remains necessary [5]. Systemat-
ic review evidence suggests combining multiple bi-
omarkers, particularly IL-6 and MMP-8, may enhance di-
agnostic accuracy [3]. Comparative diagnostic perfor-
mance metrics for key salivary biomarkers. (Table 1) 
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Biomarker Concentrations Show Disease-Specific 
Elevation Patterns 

 Al-Sabbagh documented 18-fold higher MIP-1α 
concentrations in patients with periodontitis compared 
to healthy controls (p < 0.001) [6]. RANKL levels 
showed significant elevation in generalized aggressive 
periodontitis patients versus controls (36.46±20.924 vs 
12.62±1.068 pg/mL, p<0.001), with RANKL/OPG rati-
os demonstrating corresponding differences (p<0.01) 
[8]. These biomarker elevations reflect underlying in-
flammatory cascades that connect local periodontal de-
struction to broader systemic metabolic consequences. 
The mechanistic pathway linking these biomarker eleva-
tions to systemic lipid alterations. (Fig.-1) 
 Matrix metalloproteinases, particularly MMP-8 
and MMP-9, are extensively studied enzymatic markers 
that demonstrate a neutrophil origin and specific colla-
genase activity [18,11]. However, diagnostic interpreta-
tion requires consideration of tissue inhibitor ratios ra-
ther than absolute concentrations [11]. Population-

specific variations prove problematic, with T2DM sub-
jects demonstrating altered MMP regulation patterns 
potentially reflecting hyperglycemic effects rather than 
periodontal disease severity [10]. 
 Antioxidant enzyme responses show contradic-
tory findings. Some studies report compensatory eleva-
tion while others find enzymatic depletion patterns for 
superoxide dismutase, catalase, and glutathione peroxi-
dase activities [13,14]. Hepatic transaminases appear 
during periodontal inflammation, although their diag-
nostic specificity remains questionable, given the eleva-
tion in numerous non-oral systemic conditions [19]. The 

Fig-1: Mechanistic pathway from periodontal biofilm to systemic lipid 
alterations. Salivary biomarkers (MIP-1α, RANKL/OPG) mediate the 
pathway from local periodontal inflammation to systemic dyslipidemia, 
with T2DM patients showing blunted therapeutic responses. 
 

The magnitude and direction of concentration changes for 
major salivary biomarkers across different disease states. 
(Table-2)  
 

Lipid Associations Demonstrate Population-Dependent Re-
sponses 

Mirzaei et al.'s meta-analysis of 34 studies encompassing 
103,468 participants demonstrated a 15% increased odds 
of dyslipidemia with periodontitis (OR: 1.15, 95% CI: 1.04
-1.26) [15]. However, substantial heterogeneity across 
studies reflects varying periodontitis definitions and  
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Study Marker Population n Outcome Type Key Performance Note 

Al-Sabbagh 
2012 [6] 

MIP-1α Mixed periodontal 80 AUC 0.94 94.9% sensitivity, 92.7% specifici-
ty at 1.12 pg/mL 

Nisha 2018 [7] MIP-1α Mixed periodontal 75 Sens/Spec 100%/100% (periodontitis vs 
health) 

Nisha 2018 [7] MIP-1α Mixed periodontal 75 Sens/Spec 100%/88% (gingivitis vs health) 

Kc 2020 [3] IL-6 + MMP-8 Review synthesis Multiple Combined panel Optimal diagnostic combination 

Table 1. Diagnostic Performance of Salivary Biomarkers in Periodontal Disease 

AUC = area under the curve; Sens = sensitivity; Spec = specificity; Mixed periodontal = studies did not specify diabetes status 



population characteristics. 
 Intervention studies yield contrasting results. 
While D'Aiuto et al. demonstrated significant inflamma-
tory marker reductions following intensive periodontal 
therapy in 40 patients (IL-6 mean change 400 pg/mL, 
95% CI: 30-900) [17], the largest randomized controlled 
trial involving 290 T2DM patients found no significant 
lipid profile differences following intensive periodontal 
treatment versus prophylaxis control [1]. This critical 
negative finding contradicts projections based on small-
er studies and suggests that therapeutic responses may 
be population-dependent. The associations between per-
iodontitis and lipid profiles, as well as the effects of in-
terventions, are summarized in Table 3. Given these 
complexities and the need for population-specific inter-
pretation of biomarker results, a systematic approach to 
clinical integration becomes essential. A clinical frame-
work for integrating these population-specific findings 
into biomarker-guided decision-making. (Fig-2) 
 

Lipid Associations Demonstrate Population-

Dependent Responses 

 Mirzaei et al.'s meta-analysis of 34 studies en-
compassing 103,468 participants demonstrated a 15% 
increased odds of dyslipidemia with periodontitis (OR: 
1.15, 95% CI: 1.04-1.26) [15]. However, substantial 
heterogeneity across studies reflects varying periodonti-
tis definitions and population characteristics. 
 Intervention studies yield contrasting results. 
While D'Aiuto et al. demonstrated significant inflamma-
tory marker reductions following intensive periodontal 
therapy in 40 patients (IL-6 mean change 400 pg/mL, 
95% CI: 30-900) [17], the largest randomized controlled 

  

Fig. 2: Clinical decision-making framework for salivary biomarker inte-
gration. Biomarker testing is considered when routine assessment is 
inconclusive, with population-specific threshold interpretation guiding 
treatment decisions. 
 

trial involving 290 T2DM patients found no significant 
lipid profile differences following intensive periodontal 
treatment versus prophylaxis control [1]. This critical nega-
tive finding contradicts projections based on smaller stud-
ies and suggests that therapeutic responses may be popula-
tion-dependent. The associations between periodontitis and 
lipid profiles, as well as the effects of interventions. (Table- 
3) Given these complexities and the need for population-

specific interpretation of biomarker results, a systematic 
approach to clinical integration becomes essential. A clini-
cal framework for integrating these population-specific 
findings into biomarker-guided decision-making.(Fig-2) 
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Marker Direction Comparator Effect Magnitude Reference 

MIP-1α ↑ Periodontitis vs healthy 18-fold elevation [6] 

RANKL ↑ GAP vs healthy 36.46±20.924 vs 12.62±1.068 pg/mL [8] 
RANKL/OPG ratio ↑ GAP vs healthy Significantly higher [8] 

MMP-8 ↑ Disease vs healthy Variable elevation [9,24] 

SOD, Catalase ↑/↓ Disease vs healthy Paradoxical patterns [13,14] 

GAP = generalized aggressive periodontitis; SOD = superoxide dismutase 

Table 2. Salivary Biomarker Concentration Differences in Periodontal Disease 



Discussion 

The periodontal biomarker landscape presents promising 
opportunities alongside significant implementation chal-
lenges that vary substantially across marker categories. 
 

Enzymatic Markers Face Fundamental Consistency 
Problems 

 The most troubling aspect of enzymatic marker 
literature is its fundamental inconsistency. Antioxidant 
enzyme findings exemplify this problem: while some 
studies report compensatory elevation of superoxide 
dismutase and catalase in T2DM patients with periodon-
titis [13], others find enzymatic depletion patterns in 
similar populations [14]. These contradictory findings 
suggest many enzymatic markers lack the biological 
consistency required for clinical application. Matrix 
metalloproteinases present similar contradictions. Ku-
mar et al. demonstrated elevated MMP-8 and MMP-9 
levels in diabetic periodontitis patients [10], while Col-
lin et al. found no significant MMP-8 differences be-
tween diabetic patients and controls [11]. Studies report-
ing elevated MMPs often fail to account for tissue inhib-
itor ratios, potentially misinterpreting compensatory re-
sponses as disease markers [11]. Measurement variabil-
ity approaches 25%—nearly equivalent to reported dis-
ease-related changes [20]. 
 

Large Negative Trials Challenge Therapeutic Utility 

 Intervention studies reveal a stark disconnect 
between cross-sectional associations and therapeutic 
outcomes. While smaller studies have shown promising 
reductions in inflammatory markers [17], Rapone et al.'s 
study of 290 patients with T2DM and generalized perio-
dontitis found no significant improvements in lipid  

profiles following intensive periodontal treatment [1]. This 
negative finding represents the most robust evidence avail-
able and directly contradicts optimistic projections based 
on smaller studies. Multiple studies have reported bi-
omarker correlations with disease severity; however, these 
associations fail to predict treatment responses [21]. This 
pattern suggests many biomarkers may reflect disease pres-
ence without indicating therapeutic responsiveness, limit-
ing their clinical utility for treatment planning and moni-
toring. 
 

Implementation Barriers Exceed Acknowledged Limitations 

 The sample collection methodology emerges as a 
critical limitation, with enzymatic markers demonstrating 
rapid degradation that potentially occurs within minutes of 
collection [22,14]. This instability fundamentally under-
mines measurement reliability. Economic realities present 
additional barriers, as current biomarker methodologies are 
considerably more expensive than traditional assessments, 
while providing diagnostic information of questionable 
clinical value [23]. 
 

Conclusions 

Overall, the current evidence supports selective and con-
text-specific use of salivary and inflammatory biomarkers 
rather than broad clinical adoption. Among available can-
didates, MIP-1α appears most promising for advanced di-
agnostic applications, particularly in T2DM patients, yet its 
translation into practice is constrained by the need for pop-
ulation-specific thresholds, rigorous standardization, and 
validation of clinical relevance. Other biomarkers, includ-
ing RANKL/OPG ratios and enzymatic markers, add lim-
ited incremental value due to issues of specifici-
ty,interpretive complexity, stability and cost effectiveness 
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Association/Intervention Study Design No. od patients Direction/Magnitude Key Finding 

Periodontitis-dyslipidemia 
association 

Meta-analysis 103,468  ↑ 15% odds OR 1.15 (95% CI: 1.04-1.26) [15] 

Periodontal therapy → IL-6 RCT 40  ↓ inflammatory Mean reduction 400 pg/mL [17] 
Periodontal therapy → CRP RCT 40  ↓ inflammatory Mean reduction 0.4 mg/L [17] 

Periodontal therapy → lipids 
(T2DM) 

RCT 290 (T2DM) No change No significant lipid differences [1] 

OR = odds ratio; CI = confidence interval; RCT = randomized controlled trial; T2DM = type 2 diabetes mellitus 

Table 3. Serum Lipid Associations and Periodontal Therapy Effects 



Significant translational gaps remain, especially regard-
ing periodontal specificity and differential biomarker 
behavior in diabetic versus non-diabetic populations. 
Consequently, future research should focus on stability 
assessment, population-tailored validation, and harmo-
nized analytical frameworks. Until these challenges are 
addressed, biomarker-based diagnostics should be pur-
sued with cautious optimism, emphasizing targeted im-
plementation strategies over universal clinical applica-
tion.  
Conflict of Interest: None declared 

Funding: None  
Acknowledgments: The authors thank the study partici-
pants and supporting staff for their cooperation. 
Author Contributions: 
Study conception and design: KRL, PAR 

Data collection: CDNT, SAR 

Data analysis and interpretation: KRL, SAR 

Drafting of manuscript: KRL, CDNT 

Critical revision: All authors read and approved the final 
manuscript. 
Data Availability Statement: No new data were gener-
ated or analyzed in this study. All data supporting the 
conclusions are available within the published literature 
cited in this narrative review. 
Ethics Statement: This narrative review of published 
literature did not require ethics approval as no human 
participants were directly involved. All referenced stud-
ies were conducted in accordance with relevant ethical 
guidelines and institutional approvals. 
 

References 

1. Rapone B, Ferrara E, Santacroce L, et al. Intensive 
periodontal treatment does not affect the lipid profile 
and endothelial function in patients with type 2 diabetes 
and generalized periodontitis: a randomized controlled 
trial. Biomedicines. 2022;10(10):2524.  

2. Watanabe K, Katagiri S, Takahashi H, et al. Changes in 
salivary biomarkers associated with periodontitis and 
diabetic neuropathy in individuals with type 1 diabetes. 
Sci Rep. 2022;12(1):11404. doi: 10.1038/s41598-022-

15430-0 

3. Kc S, Wang XZ, Gallagher JE. Diagnostic sensitivity 
and specificity of host-derived salivary biomarkers in 
periodontal disease amongst adults: systematic review. 
J Clin Periodontol. 2020;47(3):289-308. doi: 10.1111/
jcpe.13218 

4. Miller CS, Ding X, Dawson DR, Ebersole JL. Salivary 
biomarkers for discriminating periodontitis in the pres-
ence of diabetes. J Clin Periodontol. 2021;48(2):216-

225. doi: 10.1111/jcpe.13393 

5. Regueira-Iglesias A, Blanco-Pintos T, Nibali L, et al. 
Diagnostic accuracy of novel protein biomarkers in 
saliva to detect periodontitis using untargeted 'SWATH' 
mass spectrometry. J Clin Periodontol. 2024;51
(12):1680-1692. doi: 10.1111/jcpe.14071 

6. Al-Sabbagh M, Alladah A, Lin Y, et al. Bone remodel-
ing-associated salivary biomarker MIP-1α distin-
guishes periodontal disease from health. J Periodontal 
Res. 2012;47(3):389-395. doi: 10.1111/j.1600-

0765.2011.01445.x 

7. Nisha KJ, Suresh A, Anilkumar A, Padmanabhan S. 
MIP-1α and MCP-1 as salivary biomarkers in perio-
dontal disease. Saudi Dent J. 2018;30(4):292-298. doi: 
10.1016/j.sdentj.2018.07.002 

8. Teodorescu AC, Martu I, Tatarciuc M, et al. Assess-
ment of salivary levels of RANKL and OPG in aggres-
sive versus chronic periodontitis. J Immunol Res. 
2019;2019:6195258. doi: 10.1155/2019/6195258 

9. Costa PP, Trevisan GL, Macedo GO, et al. Salivary 
interleukin-6, matrix metalloproteinase-8, and osteo-
protegerin in patients with periodontitis and diabetes. J 
Periodontol. 2010;81(3):384-391. doi: 10.1902/
jop.2009.090510 

10. Kumar MS, Vamsi G, Sripriya R, Sehgal PK. Expres-
sion of matrix metalloproteinases (MMP-8 and -9) in 
chronic periodontitis patients with and without diabe-
tes mellitus. J Periodontol. 2006;77(11):1803-1808. 
doi: 10.1902/jop.2006.050293 

Indian Journal of Clinical Research in Dentistry, Jul-Dec 2025 18 

Teja CDN et al                                                                                      Salivary markers & lipids in periodontitis  



11. Collin HL, Sorsa T, Meurman JH, et al. Salivary 
matrix metalloproteinase (MMP-8) levels and 
gelatinase (MMP-9) activities in patients with type 2 
diabetes mellitus. J Periodontal Res. 2000;35(5):259
-265. doi: 10.1034/j.1600-0765.2000.035005259.x 

12. Canakci CF, Cicek Y, Yildirim A, et al. The expres-
sion of antioxidant enzymes in the gingivae of type 
2 diabetics with chronic periodontitis. Arch Oral 
Biol. 2011;56(12):1304-1314. doi: 10.1016/
j.archoralbio.2011.05.006 

13. Trivedi S, Lal N, Singhal R. Estimation of antioxi-
dant levels in saliva and serum of chronic periodon-
titis patients with and without ischemic heart dis-
ease. Int J Oral Maxillofac Surg. 2017;46(10):1390-

1395. doi: 10.1016/j.ijom.2017.06.023 

14. Mirnic J, Djuric M, Brkic S, et al. Pathogenic mech-
anisms that may link periodontal disease and type 2 
diabetes mellitus-the role of oxidative stress. Int J 
Mol Sci. 2024;25(18):9806. doi: 10.3390/
ijms25189806 

15. Mirzaei A, Shahrestanaki E, Malmir H, et al. 
Association of periodontitis with lipid profile: an 
updated systematic review and meta-analysis. J 
Diabetes MetabDisord. 2022;21(2):1377-1393. doi: 
10.1007/s40200-022-01071-7 

16. Lösche W, Karapetow F, Pohl A, et al. Plasma lipid 
and blood glucose levels in patients with destructive 
periodontal disease. J Clin Periodontol. 2000;27
(8):537-541. doi: 10.1034/j.1600-051x.2000. 
027008537.x 

17. D'Aiuto F, Nibali L, Parkar M, Suvan J, Tonetti MS. 
Short-term effects of intensive periodontal therapy 
on serum inflammatory markers and cholesterol. J 
Dent Res. 2005;84(3):269-273. doi: 10.1177/ 
154405910508400312 

18. Luchian I, Goriuc A, Sandu D, Covasa M. The role 
of matrix metalloproteinases (MMP-8, MMP-9, 
MMP-13) in periodontal and peri-implant pathologi-
cal processes. Int J Mol Sci. 2022;23(3):1806. doi: 
10.3390/ijms23031806 

19. Luke R, Khan SN, Iqbal PS, et al. Estimation of spe-
cific salivary enzymatic biomarkers in individuals 

with gingivitis and chronic periodontitis: a clinical and 
biochemical study. J Int Oral Health. 2015;7(9):54-57.  

20. Pradeep AR, Kumari M, Rao NS, Naik SB. Serum lev-
els of antioxidants and superoxide dismutase in perio-
dontitis patients with diabetes type 2. J Indian Soc Per-
iodontol. 2014;18(4):451-455. doi: 10.4103/0972-

124X.138687 

21. Hungund SA, Desai VB, Shah M, et al. Efficacy of 
nonsurgical periodontal therapy affecting salivary bi-
omarkers in non-diabetic and type 2 diabetic periodon-
titis patients: an observational study. J Oral Biol Crani-
ofac Res. 2023;13(4):500-505. doi: 10.1016/
j.jobcr.2023.05.012 

22. Brock GR, Butterworth CJ, Matthews JB, Chapple IL. 
Local and systemic total antioxidant capacity in perio-
dontitis and health. J Clin Periodontol. 2004;31(7):515
-521. doi: 10.1111/j.1600-051X.2004.00509.x 

23. Chapple IL, Milward MR, Ling-Mountford N, et al. 
Adjunctive daily supplementation with encapsulated 
fruit, vegetable and berry juice powder concentrates 
and clinical periodontal outcomes: a double-blind 
RCT. J Clin Periodontol. 2012;39(1):62-72. doi: 10. 
1111/j.1600-051X.2011.01793.x 

24. Loo WT, Wang M, Jin LJ, et al. Association of matrix 
metalloproteinase (MMP-1, MMP-3 and MMP-9) and 
cyclooxygenase-2 gene polymorphisms and their pro-
teins with chronic periodontitis. Arch Oral Biol. 
2011;56(10):1081-1090. doi: 10.1016/j.archoralbio. 
2011.03.011 

Indian Journal of Clinical Research in Dentistry, Jul-Dec 2025 19 

Volume 6; Issue 2:Pg. 13-19 


