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Abstract

Background—Salivary biomarkers are potentially important for determining the presence, risk, 

and progression of periodontal disease. However, clinical translation of biomarker technology 

from lab to chairside requires studies that identify biomarkers associated with the transitional 

phase between health and periodontal disease (i.e., gingivitis).

Methods—Eighty participants (40 with gingivitis, 40 healthy) provided saliva at baseline and 7 

to 30 days later. An additional sample was collected from gingivitis participants 10 to 30 days 

after dental prophylaxis. Clinical parameters of gingival disease were recorded at baseline and the 

final visit. Salivary concentrations of interleukin (IL)-1β, IL-6, matrix metalloproteinase 

(MMP)-8, macrophage inflammatory protein (MIP)-1α, and prostaglandin E2 (PGE2) were 

measured.

Results—Clinical features of health and gingivitis were stable at both baseline visits. Participants 

with gingivitis demonstrated significantly higher bleeding on probing (BOP), plaque index (PI), 

and gingival index (GI) (P ≤ 0.002) and a significant drop in BOP, PI, and GI post-treatment (P ≤ 

0.001). Concentrations of MIP-1α and PGE2 were significantly higher (2.8 times) in the gingivitis 

group than the healthy group (P ≤ 0.02). After dental prophylaxis, mean biomarker concentrations 

did not decrease significantly from baseline in the gingivitis group, although concentrations of 

IL-1β, IL-6, and MMP-8 approached healthy levels, whereas MIP-1α and PGE2 concentrations 

remained significantly higher than in the healthy group (P ≤ 0.04). Odds ratio analyses showed 

that PGE2 concentrations, alone and in combination with MIP-1α, readily discriminated gingivitis 

from health.

Conclusions—Salivary PGE2 and MIP-1α discriminate gingivitis from health, and patients with 

gingivitis who return to clinical health continue to produce inflammatory mediators for weeks 

after dental prophylaxis.
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Gingivitis is a reversible condition associated with bacterial plaque that resolves in about 1 

week after the reinstitution of oral hygiene procedures.1,2 The third National Health and 

Nutrition Examination Survey estimates that about 54% of the United States population, age 

13 years and older, has at least one site of gingival bleeding,3,4 and it is generally accepted 

that gingivitis, if left untreated, may ultimately progress to periodontitis in a subset of 

individuals.5,6 Differential host responses are thought to contribute to various susceptibilities 

that play an important role in determining progression of the inflammatory lesion.7–11 At the 

cellular level, exposure to bacterial products and lipopolysaccharide elicit activation of 

monocytes/macrophages that promote secretion of cytokines and inflammatory mediators 

such as interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF), resulting in the release of 

matrix metalloproteinases (MMPs).12 These inflammatory cytokines and enzymes are 

detectable in oral fluids.13,14

Saliva is an easily accessible biologic fluid that contains an array of important proteins that 

are produced locally or derived from the vascular beds in the gingival tissues.15 As such, 

saliva has become an emerging tool for the diagnostic assessment of various oral and 

systemic diseases, particularly periodontal disease.15–17 Although a data- bank of salivary 

biomarkers associated with periodontitis exists,18,19 the number of biomarkers identified in 

saliva associated with gingivitis that are unique (different from those of periodontitis) is 

incomplete. Elevated concentrations of salivary total protein, albumin, IL-6, and IL-8 have 

been reported to be associated with gingivitis.20–22 Additional biomarkers have also been 

detected in elevated concentrations in gingival crevicular fluid during experimental 

gingivitis,23,24 which would be predicted to contribute to elevated levels in saliva.

Because of the relationship of gingivitis with periodontitis and the unidentified biologic 

processes that lead to the transition between these two inflammatory conditions, diagnostic 

tools for early detection at the biochemical level are desirable. The goal of this study was to 

identify novel salivary biomarkers associated with gingivitis. The hypothesis was that select 

biomarkers associated with inflammation and host responses are present in whole saliva in 

greater concentrations in gingivitis participants than healthy participants. The primary aim 

was to compare the concentrations of IL-1β, IL-6, pros taglandin E2 (PGE2), MMP-8, and 

macrophage inflammatory protein (MIP)-1α in whole saliva from patients with gingivitis 

with concentrations of these substrates in the saliva of patients with a clinically healthy 

periodontium. The secondary aim was to determine how periodontal treatment (i.e., dental 

prophylaxis) affected the concentration of these biomarkers in the saliva of patients with 

gingivitis.
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MATERIALS AND METHODS

Participants

This case-control longitudinal study was conducted at the University of Kentucky College of 

Dentistry from October 2012 to May 2013. The protocol was approved by the Institutional 

Review Board of the University of Kentucky. Participants were recruited from the general 

clinic and student population of the College of Dentistry. Eighty people (37 males and 43 

females, aged 23 to 38 years; mean age: 26.9 – 3.85 years) participated. Each participant 

was given verbal and written information that described the nature of the study, and each 

signed an informed consent form before enrollment in the study. Inclusion criteria included 

participants older than 18 years of age who were in good general health (excluding the case 

definition) and had a minimum of 20 teeth. Participants in the gingivitis group had bleeding 

on probing (BOP) at ≥20% of sites (six sites per tooth), probing depth (PD) ≤4 mm at all 

sites, and no sites with clinical attachment loss (AL) ≤2 mm. Participants in the healthy 

group had BOP at <20% of sites, PD ≤4 mm at all sites, and no AL ≥2 mm. Individuals were 

excluded from either group for: 1) alcoholism, liver, kidney, or salivary gland dysfunction; 

2) inflammatory bowel disease; 3) granulomatous diseases; 4) diabetes; 5) organ transplant 

or cancer therapy; and 6) periodontal abscess or previous treatment for periodontal disease 

or aggressive periodontitis. Additional exclusion criteria were: 1) pregnancy or lactation; 2) 

use of antibiotics or immunosuppressant medication within the last 1 month; 3) need for 

antibiotics for infective endocarditis prophylaxis during dental procedures; 4) symptoms of 

acute illness (i.e., fever, sore throat, body aches, and diarrhea); 5) removable prosthodontic 

or orthodontic appliances; or 6) presence of an oral mucosal inflammatory condition (e.g., 

aphthous, lichen planus, leukoplakia, and oral cancer).

Clinical Evaluation

All participants received full-mouth periodontal examination by one calibrated examiner 

(BS). Before this examination, the medical and dental history was obtained and reviewed 

along with exclusion criteria. Findings from the head, neck, and oral examination were 

recorded as normal or abnormal. All clinical findings were recorded on data collection 

worksheets.

The gingival index (GI) score was recorded as suggested by Löe, 25 where a score of 0 = 

normal gingiva; 1 = mild inflammation, slight change in color, slight edema, no BOP; 2 = 

moderate inflammation, redness, edema, and glazing, BOP; 3 = severe inflammation, 

marked redness and edema, ulceration, spontaneous bleeding.

PD was measured at six locations per tooth (mesial-buccal, mid-buccal, distal-buccal, mesial 

lingual, mid-lingual, and distal-lingual) using a periodontal probe. § After PD 

measurements, all sites were examined for BOP, and these measures were recorded. AL was 

measured at all six locations per tooth.

The plaque index (PI) score was recorded where 0 = no plaque; 1 = a film of plaque adheres 

to the gingival margin, recognized by running a probe across the tooth surface; 2 = moderate 

accumulation of plaque visible to the naked eye within the gingival pocket, and/or at the 

gingival margin and tooth surface; 3 = abundant accumulation (1 to 2 mm thick) of plaque 
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visible to the naked eye within the gingival pocket, and/or at the gingival margin and tooth 

surface.25

Healthy participants received a full-mouth periodontal examination at baseline (H1) and a 

second full-mouth periodontal examination 7 to 30 days after the initial visit (H2). Gingivitis 

participants had three research visits: baseline (G1), a dental prophylaxis visit performed 7 

to 30 days after the baseline visit (G2), and a follow-up visit 7 to 30 days after the dental 

prophylaxis visit (G3). The gingivitis participants received two full-mouth periodontal 

examinations, at baseline and G3.

Treatment

Treatment was provided to the gingivitis group only. Dental prophylaxis was performed by 

the provider who performed the clinical examinations. Treatment included hand 

instrumentation of the teeth to remove dental plaque and/or calculus, ultrasonic scaling 

therapy, flossing, irrigation with 0.12% chlorhexidine mouth rinse for 45 seconds, and oral 

hygiene instruction.

Collection of Salivary Samples

Saliva samples were collected from both groups at each examination. Healthy participants 

had saliva collected at H1 and H2. Gingivitis participants had saliva collected at three visits: 

G1, G2, and G3. All participants rinsed with tap water (10 mL) for 30 seconds and 

expectorated before saliva collection. Unstimulated whole saliva was collected according to 

a method previously described.13 Participants were asked to avoid oral hygiene measures 

(i.e., flossing, brushing, and mouth rinses), eating, drinking, or gum chewing for 1 hour 

before saliva collection. Participants expectorated at least 5 mL of unstimulated whole saliva 

into sterile tubes containing lyophilized protease inhibitor solution.i Saliva samples were 

collected on ice. Aliquots were prepared and samples were frozen at −80°C until analysis.

Biomarker Analyses

An immunology multiplex assay kit¶ was used to detect IL-1β, IL-6, MMP-8, and MIP-1α. 

PGE2 was detected using an enzyme-linked immunoassay kit.# All analyses were performed 

in duplicate within 6 months of sample procurement. Standards were included on all runs, 

and all results are reported within the linearity of the assays. A timeline of the study is 

shown in Figure 1.

Data Handling and Statistical Analyses

The percentage of sites affected (BOP, PI, and GI) were calculated by dividing the number 

of number of sites affected by the total number of sites present. A weighted GI score was 

calculated by adding the number of sites with scores 1, 2, and 3 and dividing this by twice 

the number of teeth. Demographic variables and smoking status were compared between 

groups using the Fisher exact test and two- sample t tests. Comparative differences in 

iSigma-Aldrich, St. Louis, MO.
¶EMD, Millipore, Billerica, MA.
#Assay Design, Ann Arbor, MI.
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analyte concentrations between test and control groups were determined using paired t tests 

and two-sample t tests after log transformation. Clinical measures were compared between 

groups using Wilcoxon rank-sum tests (between groups) and Wilcoxon signed-rank tests 

(within groups). Mean periodontal indices, age, and concentration of salivary biomarkers 

were compared between test and control groups using two-way analysis of covariance to 

adjust for differences in patient demographics. Relationships among analytes and 

periodontal indices were determined using Pearson and Spearman correlation coefficients. 

Analyte levels associated with clinical parameters of gingivitis as well as those that 

discriminated gingivitis from health were determined using logistic regression analysis. In 

the latter analysis, measurements below the limit of detection were set at one half the 

detection limit. A stepwise logistic model was used to identify which subset of analytes 

and/or PI and GI correlated with a response to therapy in the gingivitis group. Analysis of 

variance was used to determine if the time interval between dental prophylaxis and the last 

visit (i.e., G3) influenced the clinical parameters or biomarker concentrations evaluated. All 

analyses were performed using software,** with statistical significance determined at the 

0.01 level to protect against inflation of the Type I error rate. A sample of 40 individuals per 

group has 81% power to detect a two- fold change in means if the coefficient of variability is 

as large as 20%. This assumes a log-normal distribution for a given biomarker within each 

group and a significance level of 0.01, using a Bonferroni correction due to testing the 

significance of five biomarkers.

RESULTS

Demographics and Clinical Parameters

Eighty participants were evaluated. Forty participants had gingivitis and 40 were healthy 

according to the clinical protocol guidelines. The demographic characteristics were similar 

between the groups and are summarized with the clinical data in Table 1. As expected, 

participants who had gingivitis presented with significantly higher mean BOP (P < 0.0001), 

PI (P = 0.024), and GI (P <0.0001) scores compared with the healthy participants. 

Significant differences were not observed for mean BOP and PI scores at the first and 

second visit in the healthy group (H1 and H2), as determined by paired t test; however, the 

GI score improved significantly between H1 and H2 (P = 0.02) (data not shown).

Clinical Response to Treatment in the Gingivitis Group

Study participants who had gingivitis were clinically evaluated at baseline (G1) and after 

dental prophylaxis (G3). The G3 visit ranged from 7 to 30 days after dental prophylaxis 

(G2) with a mean of 18.1 – 5.3 days. Table 1 shows that the mean BOP, PI, and GI scores 

significantly improved in the gingivitis group after treatment. The frequency of BOP 

decreased across the group from 25.7% to 7.9% of sites (P <0.0001). All gingivitis 

participants returned to <20% sites with BOP post-treatment; however, 20% of participants 

had BOP remain at >10% of sites. The PI scores decreased from 17.5% to 3% of sites (P 

<0.0001), and weighted GI scores decreased from an index of 1.12 to 0.4 (P <0.0001). 

These data demonstrate clearly that dental prophylaxis improved the clinical measures of 

**SAS Institute, Cary, NC.
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gingival health of the participants with gingivitis such that the measured periodontal 

parameters shifted toward health.

Variability of Salivary Biomarker Concentrations Before Treatment

Table 2 shows the mean salivary concentrations of IL-1β, IL-6, PGE2, MMP-8, and MIP-1α 

at the two baseline visits for both groups. Mean concentrations of IL-1β, IL-6, MMP-8, and 

MIP-1α were stable between visit 1 and visit 2 for both groups. However, concentrations of 

PGE2 decreased significantly in the healthy group (P = 0.004) but increased in the gingivitis 

group (P = 0.019). These findings suggest that the salivary concentrations of IL-1β, IL-6, 

MMP-8, and MIP-1α are rather stable in health and gingivitis, whereas concentrations of 

PGE2 demonstrate greater within-participant fluctuations over a 1- to 4-week time interval.

Between-Group Comparisons (health versus gingivitis) of Salivary Biomarker 
Concentrations at Baseline

Table 3 provides comparative P values between the healthy and gingivitis groups at the two 

baseline visits. The data show multiple comparisons to provide insight into the differences in 

biomarker concentrations between the groups. Significant elevations in concentrations were 

observed for MIP-1α and PGE2 in the patients with gingivitis compared with the healthy 

participants, with mean concentrations of the two analytes being about 2.8 times higher in 

the gingivitis group (P 0.0001 when the average of the healthy determinations was 

compared with the average of the two baseline gingivitis determinations). Similar results 

were obtained when H1 was compared with G1 and G2, and again when H2 was compared 

with G1 and G2. The comparisons did not differ. For IL-1β, IL-6, and MMP-8, salivary 

concentrations were slightly higher in the gingivitis group (1.4 to 1.5 times) compared with 

the healthy group, but these were not significantly different between groups (P >0.01). 

Correlations were not observed among periodontal parameters and concentrations of the five 

biomarkers when analyses were performed by group. In contrast, when the healthy 

individuals and patients with gingivitis were collapsed into one group, Pearson correlation 

analyses showed that salivary PGE2 concentrations correlated with percentage of sites with 

BOP (R = 0.33, P = 0.003), percentage of sites with GI (R = 0.26 P = 0.02), and weighted 

GI (R = 0.29, P = 0.009). Similar results were observed using Spearman rank correlation 

analyses (data not shown).

Concentrations of Salivary Biomarkers in the Gingivitis Group in Response to Dental 
Prophylaxis

As mentioned, the clinical parameters (BOP, PI, and GI) of the gingivitis group improved 

significantly after treatment (P <0.001). Thus, it was important to investigate how the 

salivary biomarkers responded to therapy. Data presented in Tables 2 and 4 demonstrate that 

the mean concentrations of IL-1β and MMP-8 decreased after treatment and approximated 

concentrations observed in the healthy group. In contrast, PGE2 concentrations did not 

change significantly in the gingivitis group after dental prophylaxis, and remained 

significantly higher than the mean concentration of the healthy group (P ≤ 0.037). MIP-1α 

concentrations trended downward after treatment, but were still significantly higher than 

healthy levels (P ≤ 0.014). The variation in time interval (i.e., 7 to 30 days) between G2 
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(dental prophylaxis) and G3 (last visit) had no influence on the clinical parameters or 

biomarker concentrations observed at G3, nor did the poor responders directly influence 

levels of PGE2 or MIP-1α at G3 (data not shown).

Salivary Biomarkers and Discriminatory Capacity

Odds ratios (ORs) were calculated for the biomarkers’ capacity to discriminate gingivitis 

from health based on a cutoff of >2 standard deviations above the mean of the healthy 

controls (Table 5). This method has been used previously for distinguishing health from 

other diseases such as osteoporosis26 and periodontitis.13 On the basis of single biomarker 

analyses, PGE2 and MIP-1α produced the greatest ORs that discriminated gingivitis from 

health. PGE2 had an OR of 35.2 (95% confidence interval [CI]: 4.4 to 282.4) and MIP-1α 

had an OR of 8.1 (CI: 1.7 to 39.3), respectively. These data demonstrate that when salivary 

MIP-1α and PGE2 are elevated, participants are highly likely to have gingivitis.

Response to Therapy

In the therapeutic arm of the study, all participants who had gingivitis responded to therapy 

such that BOP was reduced to <20% of sites. However, when a more stringent measure of 

return to health was set at ≤ 10% BOP, 32 of the 40 gingivitis participants (80%) had BOP at 

G3 that fell below this threshold (P <0.0001). Interestingly, the clinical and biomarker 

parameters of the gingivitis participants whose BOP was >10% at G3 (i.e., poorer 

responders) were not significantly different at the baseline visit from the better responders; 

thus, the authors were unable to predict in advance which participants would respond to this 

therapeutic intervention. However, the authors did note that the poorer responders were 

characterized by a significantly higher GI measure than the responders at both the first and 

last visits.

DISCUSSION

This case-control longitudinal study sought to expand the profile of salivary biomarkers that 

could be used to assess periodontal health. The study focuses on gingivitis, a condition that 

affects a large percentage of the population27 and may serve as a transitional phase between 

health and periodontal disease. Unlike periodontal disease, gingivitis has lacked evidence of 

salivary biomarkers with strong discriminatory capacity, a feature critical for the 

translational utility of salivary biomarkers to chair-side diagnostics.28 The study design 

involves healthy and naturally occurring gingivitis groups, two baseline visits, and a 

treatment arm to examine biomarker discriminatory capacity. The two baseline visits 

provide evidence that the clinical conditions were stable in these groups, and the findings 

show that elevated salivary concentration of PGE2 is a biomarker that is affected by 

gingivitis. Although dental prophylaxis improved the clinical parameters of the gingival and 

periodontal tissues, mean salivary biomarker concentrations of PGE2 and MIP-1α remained 

significantly above healthy levels after treatment.

Gingivitis is an inflammatory condition affecting the soft tissues of the periodontium. The 

condition is characterized by elevated BOP, PI, and GI scores, as observed in the gingivitis 

group. Commensurate with the inflammatory profile of gingivitis, salivary concentrations of 
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IL-1β, IL-6, MMP-8, MIP-1α, and PGE2 were higher in the gingivitis group compared with 

healthy participants. The present authors and others have previously reported that salivary 

concentrations of IL-1β, IL-6, MMP-8, MIP-1α, and PGE2 are significantly higher in people 

with periodontal disease than healthy individuals.13,23,29–35 However, in this study, only 

salivary concentrations of MIP-1α and PGE2 are significantly higher in the gingivitis group 

compared with healthy participants, whereas concentrations of IL-1β, IL-6, and MMP-8 lack 

the ability to distinguish gingivitis from health. Thus, these findings and the accumulated 

evidence from a limited number of salivary biomarker studies15,22 suggest that gingivitis is 

associated with salivary cytokine and enzyme concentration profiles that are juxtaposed 

between health and periodontitis. This is consistent with the notion that these host-response 

biomolecules, when present at prolonged and elevated concentrations, may contribute to the 

progression of gingivitis to periodontitis.

As previously described by the authors’ group, salivary biomarker concentrations have day-

to-day and week-to-week variability.36 Yet the variation displayed appears to fluctuate 

around a homeostatic set point, and several salivary biomarkers have a reliable upper limit 

that allows for a threshold to be determined that distinguishes health from disease.35 Using 

diverse statistical approaches, salivary biomarker concentration thresholds have been 

reported to provide high sensitivity and specificity for discriminating periodontitis from 

health,13,18,29,31,32,37 particularly when unstimulated whole saliva is used rather than 

stimulated whole or glandular saliva.15 However, there are few salivary biomarkers that 

have been studied that reflect the underlying biology of gingivitis in its natural setting. Early 

studies focused on detecting elevated levels of salivary biochemicals (i.e., albumin, protein, 

and cystatin) associated with plasma protein leakage, a consequence of vasculitis within the 

gingival tissues, during experimentally induced gingivitis,20,21 and more recent studies have 

detected elevated concentrations of IL-1β, IL-6, IL-8, and calprotectin associated with 

experimental gingivitis.22,38 However, to the best of the authors’ knowledge, this is the first 

study to examine host-response biomarker concentrations in saliva as a tool to discriminate 

existing chronic gingivitis from health. This is important because chronic gingivitis in its 

natural setting is somewhat different biologically from experimentally induced 

gingivitis.39,40

The therapeutic arm of the current study allows us to observe heterogeneity in response to 

therapy within the gingivitis cohort. Here, all participants who had gingivitis demonstrated 

marked resolution of inflammation after dental prophylaxis such that their BOP was reduced 

to <20% of sites; however, 20% of participants had BOP at >10% of sites post-therapy. 

Thus, not all patients returned to a state of health within 7 to 30 days post-treatment, and the 

day of return for the clinical evaluation did not appear to influence the outcome. These 

findings are consistent with previous studies of experimental gingivitis demonstrating the 

variable response to bacterial plaque and therapy,22,41 and suggest that susceptibilities differ 

in a subgroup of individuals within the gingivitis population, potentially related to inherent 

response differences. Also, these findings point to biomarkers that might be useful for 

identifying those who might be at risk for continued chronic inflammation, and could 

hallmark those with greater propensity to progress to destructive disease.
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Although these findings are limited by the short duration of this study and the absence of 

information concerning the impact of individual oral hygiene products or measures that 

could have influenced the outcomes, the findings are strengthened by the low intraindividual 

and intragroup variability in BOP and PI scores at the two baseline visits, and the 

commensurate low variability in salivary biomarker concentrations at these two visits, which 

are suggestive of the steady states of health and gingivitis in the study population. Inasmuch 

as the biomarker variability was low and the mean concentrations differed by about 2.8-fold 

between the healthy and gingivitis groups, data from the OR analyses were robust and 

suggested that salivary MIP-1α and PGE2 were biomarkers reflective of gingivitis. 

However, it was somewhat surprising to see that post-treatment concentrations of MIP-1α 

and PGE2 did not decrease to healthy levels, whereas post-treatment salivary concentrations 

of IL-1β, IL-6, and MMP-8 tended to reflect concentrations more similar to those of health. 

Although it is not completely clear why two proinflammatory cytokines and a collagenase 

responded better to mechanical debridement than PGE2 and MIP-1α, similar decreases in 

salivary concentrations of IL-1β and MMP-8 have been reported after phase I therapy in 

patients with chronic periodontitis.33,42 One possible explanation is the potential role of 

PGE2 in suppressing the release of IL-1β, IL-6, and TNF-α,43,44 and these cytokines 

regulating the release of MMPs, which play a key role in degrading the extracellular matrix 

of connective tissue occurring in periodontal disease.45 Thus, elevated levels of PGE2 could 

be a protective mechanism to prevent the release of MMPs that would result in tissue 

breakdown. However, PGE2 has also been reported to inhibit MIP-1α release from dendritic 

cells;46 thus, additional factors besides elevated concentrations of PGE2 are likely 

contributory. Another possibility is that PGE2 levels may reflect a more general lipid 

mediator response in the gingival tissues that would encompass the production of 

inflammation-resolving molecules (e.g., resolvins, protectins) that could contribute to 

improvement of the local inflammatory effects on the tissues.47–49

From a diagnostic perspective, it is interesting to speculate that PGE2 and MIP-1α may be 

biomarkers reflective of an altered state of the periodontium that is changed by the repeated 

insults of bacteria and their byproducts associated with chronic gingivitis. Offenbacher et 

al.50 demonstrated elevated concentrations of PGE2 in gingival crevicular fluid, which 

predicted the development of periodontal disease; thus, these two biomarkers in saliva may 

also be related to the inherent risk of progression to periodontitis.

CONCLUSIONS

These findings indicate that salivary concentrations of PGE2 and MIP-1α can discriminate 

gingivitis from health, and patients with gingivitis who return to clinical health continue to 

produce inflammatory mediators for weeks after dental prophylaxis. The findings suggest 

the need for studies that investigate why certain concentrations of salivary biomarkers do not 

return to healthy levels after treatment and what therapies may be required to return a patient 

to biologic health. Future longitudinal studies in larger populations should provide greater 

insight, especially for answering questions of how frequently an individual patient should 

receive oral prophylaxis to achieve clinical and, importantly, biologic health and whether a 

salivary biomarker profile predicts patients with gingivitis who are prone to progressing to 

destructive disease.
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Figure 1. 
Timeline of the examinations, saliva collections, and adult prophylaxis.
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Table 5

ORs for Gingivitis Predicting Altered Salivary Biomarkers

95% CI

Biomarker OR Lower Upper

IL-1β 4.0 0.78 20.8

PGE2 35.2 4.4 282.3

MMP-8 2.7 0.5 14.9

IL-6 1.8 0.4 7.9

MIP-1α 8.1 1.7 39.3
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