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Abstract:

Introduction: Uric acid, a potent antioxidant and pro-oxidant molecule, plays a critical role in neutralizing oxidative
stress, a key driver of periodontal disease progression. This study investigates the systemic and localized dynamics of
uric acid levels in saliva and Gingival Crevicular Fluid (GCF) among individuals with varying periodontal health
statuses based on the 2017 classification system for periodontal diseases.

Methods: A cross-sectional study was conducted on 43 participants grouped into healthy, mild, moderate, and severe
periodontitis categories. Saliva and GCF samples were collected and analyzed for uric acid levels using
spectrophotometric methods. Statistical analyses included Kruskal-Wallis and Wilcoxon signed-rank tests to assess
differences between groups and fluids.

Results: Significant differences in salivary uric acid levels were observed across severity groups (Kruskal-Wallis, p =
0.002), with levels decreasing progressively from healthy individuals (median = 40.51 pmol/L) to severe periodontitis
(median = 6.01 pmol/L). Pairwise comparisons revealed significant differences between most severity groups, except
for mild and moderate periodontitis. In GCF, uric acid levels also differed significantly across groups (Kruskal-Wallis,
p = 0.0024), with lower levels in severe periodontitis compared to healthy and mild groups. No significant difference
was found between uric acid levels in saliva and GCF (Wilcoxon, p = 0.088), indicating consistency across the two
fluids.

Discussion: The study demonstrated that uric acid levels in both saliva and gingival crevicular fluid decrease
significantly with increasing periodontal disease severity. This pattern supports the role of oxidative stress in
periodontitis progression and highlights the potential depletion of antioxidant reserves as the disease advances. The


https://opendentistryjournal.com/
https://opendentistryjournal.com/

2 The Open Dentistry Journal, 2025, Vol. 19

Hashim et al.

consistent uric acid concentrations between saliva and GCF suggest systemic reflection of local periodontal

inflammation. These findings reinforce the utility of uric acid as a non-invasive biomarker for assessing periodontal

health and indicate that salivary measurements could reliably mirror local oxidative changes in the periodontal

microenvironment.

Conclusion: Uric acid levels in saliva and GCF reflect periodontal health status, with significant reductions observed

as disease severity increases. The consistency of uric acid levels between these fluids highlights their potential as

non-invasive biomarkers for monitoring oxidative stress in periodontal disease.
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1. INTRODUCTION

Periodontitis is a complex, multifactorial inflammatory
disease characterized by the progressive destruction of the
periodontal ligament and alveolar bone, ultimately leading
to tooth loss if left untreated [1].

It is highly prevalent globally and has been linked to
systemic conditions such as cardiovascular diseases and
diabetes [2].

The 2017 classification system for periodontal and peri-
implant diseases, established through the joint consensus of
the American Academy of Periodontology (AAP) and the
European Federation of Periodontology (EFP), represents a
significant advancement in the diagnosis and management
of periodontal diseases. This updated system classifies
periodontitis into four stages (I-IV) according to the seve-
rity and extent of disease—using parameters such as Cli-
nical Attachment Loss (CAL), radiographic bone loss, and
tooth loss attributed to periodontitis—as well as complexity
factors, including furcation involvement and vertical bone
defects. In addition, the system incorporates three grades
(A-C) that reflect the rate of disease progression, respon-
siveness to therapy, and risk factors such as smoking and
glycemic control in diabetes. This multidimensional frame-
work enables a more personalized and accurate diagnosis,
resolves previous inconsistencies by unifying chronic and
aggressive forms of periodontitis under a single category,
and facilitates improved treatment planning and prognostic
assessment. The 2017 classification also includes peri-
implant health, mucositis, and peri-implantitis, thereby bro-
adening its clinical applicability [3-5]. In this study, the sta-
ging and grading criteria of the 2017 classification were uti-
lized to ensure precise and standardized grouping of parti-
cipants according to periodontal health status and disease
severity.
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Uric acid, a natural antioxidant and end-product of pu-
rine metabolism, plays a pivotal role in neutralizing Reac-
tive Oxygen Species (ROS) [6].

As a dual-faced molecule, uric acid has been associated
with both protective antioxidant effects and pro-oxidant
activity, depending on the local biochemical environment
[7].

The interplay between oxidative stress and periodontal
disease progression has been widely recognized, with oxida-
tive stress serving as both a driver and consequence of tis-
sue destruction in periodontitis. Uric acid, a potent endo-
genous antioxidant, offers a unique dual role in mitigating
oxidative damage while also acting as a pro-oxidant in spe-
cific pathological contexts [8, 9]. This makes it a critical bio-
marker for understanding the balance between protective
and harmful mechanisms within the periodontal microenvi-
ronment. Although serum uric acid has been extensively
studied in systemic diseases such as cardiovascular condi-
tions and gout, its role in oral health remains underex-
plored, particularly in non-invasive fluids like saliva and
GCF [10-12].

Saliva, a readily accessible diagnostic medium, reflects
systemic health, while GCF provides localized biochemical
insights into the periodontal pocket [13, 14].

Evaluating the consistency of uric acid levels between
these two fluids across the periodontal health spectrum can
illuminate the systemic and localized contributions of oxi-
dative stress. By leveraging the comprehensive 2017 classi-
fication system for periodontal diseases, which integrates
disease staging and grading, this study aims to bridge gaps
in understanding the relationship between systemic and
local antioxidant defenses in periodontal pathology [3, 9].

Given the growing emphasis on non-invasive diagnostic
approaches, assessing uric acid in saliva and GCF may not
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only improve our ability to monitor periodontal disease pro-
gression but also offer insights into novel therapeutic inter-
ventions targeting oxidative stress [15, 16].

Therefore, the current study seeks to evaluate the sys-
temic consistency of uric acid levels in saliva and GCF
among individuals with varying periodontal health statuses,
providing a deeper understanding of its diagnostic and the-
rapeutic implications.

2. METHODOLOGY

This cross-sectional study assessed uric acid levels in
saliva and GCF among individuals with varying stages of
periodontitis. Participants were grouped into four catego-
ries, healthy controls, mild periodontitis, moderate perio-
dontitis, and severe periodontitis. The study was conducted
at RAK College of Dental Sciences (RAKCODS) over six
months, from October 2023 to April 2024, following ethical
approval from the Research and Ethics Committee of
RAKMHSU (RAKMHSU-REC-043-2022/23-UG-D). All rese-
arch procedures adhered to the ethical standards of the
committee responsible for human experimentation (institu-
tional and national) and complied with the principles of the
Helsinki Declaration of 1975, as revised in 2013 (http://
ethics.iit.edu/ecodes/node/3931).

The sample size for this study was determined based on
feasibility and participant availability within the defined
recruitment period. To assess the adequacy of the selected
sample size, a post hoc power analysis was conducted using
G*Power software (version 3.1.9.7). Assuming a medium
effect size (Cohen’s f = 0.25), an alpha level of 0.05, and the
actual group allocation ratios, the calculated statistical
power was 0.36. While this power is lower than the conven-
tional threshold of 0.80, it was considered acceptable for
detecting moderate to large effects in this exploratory
cross-sectional study. The limited power has been acknow-
ledged as a constraint on generalizability and is discussed
among the study’s limitations.

Participants were recruited through convenience samp-
ling based on the following criteria:

2.1. Inclusion Criteria

Adults aged 18-55 years, consenting to participate, with
a clinical diagnosis of periodontitis or healthy periodontal
tissues (control group).

2.2. Exclusion Criteria

Smokers, alcohol consumers, pregnant or lactating wo-
men, individuals with systemic diseases or medications aff-
ecting periodontal health, and those undergoing or having
received periodontal treatment within the past six months.

2.3. Clinical Examination and Grouping

Participants underwent a comprehensive periodontal ex-
amination to measure Clinical Attachment Loss (CAL) and
probing depth (PD) using a University of Michigan probe
with William markings. Staging and grading of periodontitis
were determined according to the 2017 classification sys-
tem for periodontal and peri-implant diseases. The assess-
ment included radiographic evaluation to confirm the extent
of alveolar bone loss, which was critical for accurate sta-

ging and grading. Orthopantomograms (OPGs) were obt-
ained for all participants to ensure consistency in radio-
graphic evaluation.

Sites with the highest CAL and the most severe clinical
signs of inflammation were identified for GCF collection. All
periodontal diagnoses were independently verified by three
calibrated examiners (N.H., S.F., and N.M.). Calibration
exercises were conducted prior to data collection to ensure
consistent diagnostic criteria and measurement techniques.
Examiner reliability was assessed using Cohen’s kappa
statistic, which demonstrated substantial agreement (k =
0.8), thereby ensuring consistency and accuracy in clinical
assessments.

2.4. Sample Collection

Saliva and GCF were collected from all participants
under standardized conditions:

2.4.1. Saliva Collection

Unstimulated saliva samples were collected between 9
AM and 11 AM to minimize diurnal variation in antioxidant
levels. Participants refrained from eating, drinking, or per-
forming oral hygiene procedures for at least one hour be-
fore collection. Saliva was collected by the spitting method
over 5 seconds into sterile collection tubes, which were
immediately stored at -80°C.

2.5. GCF Collection

GCF was collected from sites based on the extent of
periodontal involvement. In periodontitis patients, sampling
was performed from the most severely affected sites. For
individuals with localized periodontitis (involving <30% of
teeth), GCF was obtained from the three most severely aff-
ected teeth. In generalized periodontitis (=30% of the
dentition affected), GCF was collected from ten representa-
tive teeth to ensure comprehensive coverage across all
quadrants. In the control group, samples were taken from a
clinically healthy site.

Prior to collection, the selected sites were isolated and
gently dried to prevent contamination with saliva or blood.
Sterile absorbent paper points (Meta® Biomed, Korea) were
inserted into the gingival sulcus for 30 seconds to absorb the
crevicular fluid. The paper points were then transferred into
sterile Eppendorf tubes and stored at -80°C. For analysis,
samples were immersed in phosphate buffer (pH 7.4) and
gently agitated to release the absorbed fluid. After removing
the paper points, the tubes were stored at 4°C, and the
supernatant obtained after centrifugation was used for uric
acid assays.

2.6. Biochemical Analysis

The collected samples were prepared for biochemical
analysis as follows:

e Saliva and GCF samples were centrifuged at 3000 rpm for
15 minutes to remove debris, and the supernatant was
collected.

e Uric acid concentrations in saliva and GCF were mea-
sured using the Elabscience® Uric Acid (UA) Colori-
metric Assay Kit (Cat. No.: E-BC-K016-M). The analysis
was carried out at the RAK Medical and Health Sciences
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University Research Laboratory, following the manufac-
turer’s instructions. The detection method is based on a
colorimetric principle with a quantifiable range of 0.31-
20 pg/mL. To ensure accuracy and optimal sample hand-
ling, a pre-experiment was performed using 2-3 repre-
sentative samples with expected variability. Based on
these initial results, appropriate dilution protocols were
applied to ensure all sample readings fell within the stan-
dard range of the assay. Each sample was analyzed in
duplicate, and absorbance was measured using a micro-
plate reader at the designated wavelength. Final uric acid
concentrations were calculated using a standard curve
and recorded in a master datasheet alongside participant
demographics and their periodontal classification. The
spectrophotometric absorbance was measured at 540 nm
using a UV-visible spectrophotometer (JENWAY 6505,
Unico).

2.7. Statistical Analysis

Data analysis was performed using IBM SPSS version
21. Descriptive statistics were used to summarize uric acid
concentrations in both saliva and GCF across the perio-
dontal health categories. Normality of the data was first
assessed using the Shapiro-Wilk test. Given the non-normal
distribution observed in several groups, non-parametric
statistical methods were applied throughout the analysis.

To evaluate differences in uric acid levels across the
four severity groups (Healthy, Mild, Moderate, and Severe),
the Kruskal-Wallis test was employed. Upon identifying sig-
nificant group-level differences, pairwise comparisons were
conducted using the Mann-Whitney U test with Bonferroni
correction to adjust for multiple testing.

To compare uric acid concentrations between saliva and
GCF within individuals, the Wilcoxon signed-rank test was
used as a non-parametric method for paired samples. A p-
value < 0.05 was considered statistically significant for all
analyses.

3. RESULTS

3.1. Data Description

The study included 43 participants who were classified
based on the severity of their periodontal condition, ranging
from healthy individuals to those with varying stages and
grades of periodontitis (Stage I to Stage IV, Grade A to
Grade C). Of the participants, 58% were male, and 42%
were female, with a mean age of 38.8 + 8.8 years.

The severity of periodontal disease among the study
participants was categorized into mild, moderate, or severe
based on the CAL and corresponding to the stages and
grades of periodontitis. Mild periodontitis was observed in 9
participants, characterized by a clinical attachment loss of
1-2 mm. Moderate periodontitis included 13 participants,
exhibiting a clinical attachment loss of 3-4 mm, represen-
ting an intermediate stage between mild and severe perio-
dontitis. Severe periodontitis, the most advanced form of
the disease, was identified in 8 participants with a clinical
attachment loss exceeding 5 mm, indicating extensive
periodontal destruction [4]. In contrast, the healthy group
comprised 13 participants with intact periodontium, sho-
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wing no evidence of clinical attachment loss or alveolar
bone loss [5] (Table 1).

3.2. Uric Acid Concentrations in Saliva by Disease
Severity

A comparison of the levels of uric acid in saliva across
different severity groups was done and statistical tests were
used to determine if there are significant differences bet-
ween these groups.

Table 1. Categories of periodontal conditions into
four main severity levels: healthy gingiva, mild,
moderate, and severe. Each condition is further
classified according to its stage and grade, providing
a structured overview essential for the detailed
analysis of periodontal disease progression.

Diagnosis Mild | Moderate | Severe Healthy Gingiva

Healthy Gingiva | 0 0 0 13
Stage IV Grade C| 0 0 1 0
Stage I Grade A 5 0 0 0
Stage II Grade A| 4 0 0 0
Stage Il Grade B| 0 6 0 0
Stage Il grade B| 0 1 0 0
Stage III grade B| 0 1 0 0
Stage III Grade B[ 0 4 0 0
Stage III Grade C| 0 0 2 0
Stage IV Grade C| 0 0 6 0

Table 2. The kruskal-wallis test to compare the
medians of uric acid levels in saliva across the
groups.

Severity Median Uric Acid (Saliva) -
Healthy gingiva 40.5076
Mild 17.2
Moderate 12.9625
Severe 6.0144
Test Statistic p-value
Kruskal-Wallis 33.96 0.002

The data was checked for normality of distribution to
decide which test was appropriate.

The results of the Shapiro-Wilk test for normality on the
uric acid levels in saliva for each severity group reveal that
some groups do not appear to follow a normal distribution,
so it's appropriate to use a non-parametric test for the ana-
lysis. The Kruskal-Wallis test was used to compare the me-
dians of uric acid levels in saliva across the severity groups.

The study examined the differences in uric acid concen-
trations in saliva across four groups defined by disease
severity — Healthy Gingiva, Mild, Moderate, and Severe.
The median uric acid concentrations were 40.51, 17.20,
12.96, and 6.01 for healthy, mild, moderate, and severe
groups, respectively. The Kruskal-Wallis test shows a stat-
istic of approximately 33.69 with a p-value of approximately
0.002, suggesting that there are statistically significant diff-
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Table 3. The Pairwise mann-whitney U tests between severity groups for uric acid levels in saliva, adjusted

using the bonferroni method.

Severity Mea(ré ;Jl{‘l;;)Amd Medl?;a}i}‘l;;c) — Pairwise Comparison U Statistic | p-value Sl]ggg;g:gn(iac;rg é(é?iglflt)er
Healthy gingiva 41.31928 40.5076 Healthy Gingiva vs. Mild 110 0.000658 Yes
Mild 19.70472 17.2 Healthy Gingiva vs. Moderate 149 0.000125 Yes
Moderate 15.67772 12.9625 Healthy Gingiva vs. Severe 117 0.000107 Yes
Severe 6.149944 6.0144 Mild vs. Moderate 81 0.059663 No
- - Mild vs. Severe 81 0.000412 Yes
Moderate vs. Severe 108 0.000143 Yes

erences in the median levels of uric acid in saliva among the
different severity categories (Table 2).

Pairwise comparisons by using the Mann-Whitney U test
for multiple comparisons using the Bonferroni correction.
The results indicated that, except for the comparison
between Mild and Moderate, all other pairwise comparisons
show significant differences in uric acid levels in saliva
(Table 3).

3.3. Uric Acid Concentrations in GCF by Disease
Severity

The results indicated that the uric acid levels in GCF
differ across various severities of the condition being stu-
died, from “Healthy Gingiva” to different stages of severity
labeled as “Mild,” “Moderate,” and “Severe.

The median uric acid levels in GCF for the different
groups were 18.8027, 18.5840, 15.9871, and 6.2331 for the
Healthy, mild, moderate, and severe groups, respectively.

The Kruskal-Wallis test is suitable for comparing median
differences across groups without the assumption of norma-
lity. The Kruskal-Wallis test result was 14.37 with a p-value
of 0.0024 indicating that there were statistically significant
differences in uric acid levels in GCF among the different
severity groups (“Healthy gingiva,” “Mild,” “Moderate,” and
“Severe”) (Table 4). To further explore which specific seve-
rity groups differed significantly in terms of uric acid levels
in GCF, we can perform post-hoc pairwise comparisons
using Bonferroni-adjusted p-values using the Mann-Whitney
U test. The results revealed that the “Severe” group was sig-
nificantly different from all other groups (“Healthy Gingiva,”
“Mild,” and “Moderate”).

No significant differences were found between the
“Healthy Gingiva,” “Mild,” and “Moderate” groups when
considering the Bonferroni correction for multiple compa-
risons (Tables 4 and 5).

3.4. Comparison of Uric Acid Levels Between Healthy
and Periodontitis Groups

To strengthen statistical power, participants were re-
grouped into two main categories: Healthy controls and Pe-
riodontitis cases (which included all mild, moderate, and
severe cases). The comparison of uric acid levels in both
saliva and GCF between these two groups is presented in
Table 6.

In saliva, the Healthy group exhibited significantly
higher uric acid concentrations (median = 40.51 pmol/L)

compared to the Periodontitis group (median = 12.96 pmol/
L). The Mann-Whitney U test indicated a statistically sig-
nificant difference between the groups (U = 46.0, p =
0.001), confirming that salivary uric acid levels decline with
the presence of periodontal disease.

Similarly, in GCF, the Healthy group showed higher uric
acid levels (median = 18.80 pmol/L) relative to the Perio-
dontitis group (median = 11.32 pmol/L). This difference was
also statistically significant (U = 60.0, p = 0.003), suppor-
ting the observation that localized antioxidant depletion
occurs in periodontal disease.

Table 4. The kruskal-wallis test to compare the
medians of uric acid levels in GCF across the groups.

Severity Median Uric Acid (GCF) -
Healthy gingiva 18.8027
Mild 18.584
Moderate 15.9871
Severe 6.2331
Test Statistic p-value
Kruskal-Wallis 33.68661 2.31E-07

Table 5. The results of the pairwise mann-whitney U
tests between the groups for uric acid levels in GCF,
adjusted using the bonferroni method.

Significant (a =

Pairwise Comparison U Statistic | p-value 0.05 after.

Bonferroni

correction)
Healthy Gingiva vs. Mild 110 0.000658 Yes
Healthy Gingiva vs. 149 0.000125 Yes

Moderate

Healthy Gingiva vs. Severe 117 0.000107 Yes
Mild vs. Moderate 81 0.059663 No
Mild vs. Severe 81 0.000412 Yes
Moderate vs. Severe 108 0.000143 Yes

To ensure clarity, we emphasize that this comparison in-
volves 13 healthy individuals and 30 individuals with perio-
dontitis, not seven cases as might have been misinterpreted
(Fig. 1). The original subgroup analysis, including pairwise
comparisons between the four disease severity groups, is
retained in Tables 2-5, while Table 6 reflects the merged
group analysis conducted to enhance statistical robustness.
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Table 6. Comparison of uric acid levels between healthy and periodontitis groups.

Fluid Type Group n| Mean Uric Acid (umol/L) Median Uric Acid (umol/L) Mann-Whitney U | p-value | Significant (p < 0.05)
Saliva Healthy (13 41.3 40.51 46.0 0.001 Yes
- Periodontitis|30 15.2 12.96 - - -
GCF Healthy [13 18.8 18.80 60.0 0.003 Yes
Periodontitis|30 12.1 11.32

3.5. Compare the Level of Uric Acid in Saliva and
GCF

The Shapiro-Wilk test for the differences between uric
acid levels in saliva and in GCF gives a p-value of app-
roximately 0.0009, less than the typical alpha level of 0.05.
This suggests that the differences do not follow a normal
distribution.

Considering this result, the Wilcoxon signed-rank test
was used for paired data that does not require the assump-
tion of normal distribution. The Wilcoxon signed-rank test
results in a statistic of 331 and a p-value of approximately
0.088. This result suggests that, statistically, the median
difference between the uric acid concentrations measured
in saliva and GCF is not significantly different across the
entire dataset (Tables 6 and 7).

STUDY SAMPLE

(n =43)
|

HEALTHY PERIODONTITIS
(n=13) (n = 30)

I |

MILD MODERATE SEVERE
(n=9) (n=13) (n=28)

Fig. (1). Flowchart illustrating the distribution of study parti-
cipants by periodontal status. The study sample (n = 43) was
initially categorized into two main groups: Healthy (n = 13) and
Periodontitis (n = 30). The periodontitis group was further stra-
tified into three severity levels—mild (n = 9), moderate (n = 13),
and severe (n = 8)—based on the 2017 classification of perio-
dontal diseases.

Table 7. The comparison of medians of uric acid
levels in saliva and GCF using Wilcoxon signed-rank
test. The p-value is not significant.

Measurement Value
Uric Acid (Saliva) 16.4072
Uric Acid (GCF) 17.5999
Wilcoxon Test Statistic 331
Wilcoxon Test p-value 0.087619

4. DISCUSSION

The findings from this study highlight the role of uric
acid as an important biomarker in periodontal health and
disease. The observed decrease in salivary uric acid levels
with increasing periodontal severity supports the hypo-
thesis that oxidative stress plays a pivotal role in perio-
dontitis progression [17].

Uric acid is a key endogenous antioxidant that neutra-
lizes ROS generated during inflammation [18].

In healthy individuals, higher uric acid levels likely ref-
lect a well-maintained systemic antioxidant capacity, which
diminishes as the disease progresses [9].

This depletion could be attributed to increased utili-
zation of uric acid to counteract oxidative stress and inflam-
mation in the periodontal microenvironment. Similar fin-
dings have been reported in studies linking reduced salivary
uric acid levels to systemic oxidative stress in periodontitis
patients, supporting its role as a protective molecule in oral
and systemic health [19-21].

The absence of significant differences between mild and
moderate periodontitis groups in salivary uric acid levels
suggests that the metabolic demand for uric acid may reach
a plateau during the intermediate stages of the disease.
This phenomenon could be attributed to the stabilization of
oxidative stress levels at certain stages of tissue destruction
or a threshold beyond which additional inflammatory chan-
ges do not significantly impact systemic antioxidant levels
[22, 23].

Conversely, in severe periodontitis, the dramatic decline
in uric acid levels may reflect systemic exhaustion of anti-
oxidant reserves, as suggested by Nishida et al., who obs-
erved a correlation between advanced periodontal destr-
uction and systemic depletion of antioxidants [24].

In GCF, uric acid levels also exhibited a significant re-
duction with increasing disease severity, particularly in the
severe group, which was distinct from all other groups. GCF
directly interfaces with the periodontal pocket, where ROS
and inflammatory mediators are abundantly produced. The
higher uric acid levels in healthy and mildly affected indi-
viduals may reflect a localized protective response aimed at
neutralizing oxidative stress. As periodontitis progresses,
the elevated ROS production and increased inflammatory
burden could overwhelm the antioxidant capacity, resulting
in decreased uric acid concentrations in GCF [25, 26].

This is consistent with findings by Toczewska et al., who
demonstrated the significant contribution of oxidative stress
to periodontal tissue breakdown and a concomitant decline
in antioxidant defenses [27].

Interestingly, the lack of significant differences in GCF
uric acid levels between the healthy, mild, and moderate
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groups suggests that local compensatory mechanisms may
maintain GCF uric acid levels during the early stages of
periodontal disease. These mechanisms might include upre-
gulated transport of uric acid into GCF or localized anti-
oxidant enzyme activity aimed at mitigating oxidative
damage [21].

However, in severe periodontitis, these mechanisms may
fail to counteract the overwhelming oxidative stress, leading
to the observed reduction in GCF uric acid levels. This aligns
with findings from studies by Bai et al., which emphasized
the critical balance between oxidative stress and antioxidant
defenses in periodontal health [28].

The findings of this study reinforce the emerging conse-
nsus that uric acid plays a significant role in the oxidative
stress paradigm of periodontal disease. By regrouping parti-
cipants into healthy and periodontitis categories, a clear and
statistically significant reduction in uric acid levels was
observed in both saliva and GCF among individuals with
periodontitis. This reduction reflects a potential depletion of
antioxidant reserves in response to the sustained inflam-
matory burden present in periodontal tissues.

These results are consistent with previous literature, in-
cluding studies by Toczewska et al. and Bai et al., which
demonstrated diminished antioxidant capacity in the oral
environment in association with progressive periodontal
destruction [27, 28]. The lower levels of uric acid in GCF
may reflect localized oxidative stress at the site of active
periodontal inflammation, where ROS are abundantly gene-
rated. In parallel, the reduction in salivary uric acid levels
suggests that systemic antioxidant balance may also be
disrupted, indicating a potential bidirectional interaction
between local periodontal inflammation and systemic redox
status.

Furthermore, our results align with findings by Ye et al.
and Narendra et al., who highlighted the utility of salivary
uric acid as a reliable, non-invasive biomarker for assessing
periodontal disease severity [7, 20]. The systemic consis-
tency observed between uric acid concentrations in saliva
and GCF underscores their complementary roles in perio-
dontal diagnostics. Importantly, the simplification of disease
categorization into two primary groups (Healthy vs. Perio-
dontitis) not only addressed statistical power limitations but
also provided clearer insights into the redox imbalance cha-
racterizing periodontal disease.

The comparison between salivary and GCF uric acid
levels revealed no statistically significant differences, sugg-
esting systemic consistency between these two diagnostic
fluids. This finding is supported by the shared physiological
origins of uric acid in both fluids, which reflect systemic oxi-
dative stress and local periodontal conditions [26, 29].

However, slight variations may exist due to the distinct
biochemical environments of saliva and GCF. Saliva provides
a systemic overview, influenced by factors such as dietary
intake and systemic health, while GCF directly reflects the
localized inflammatory and oxidative status of the perio-
dontal tissues. This dual perspective highlights the value of
evaluating both fluids for a comprehensive understanding of
periodontal disease dynamics [30].

Previous studies have shown mixed findings regarding
the relationship between uric acid levels in different oral
fluids and periodontal disease. Some studies have reported
significantly lower uric acid levels in GCF compared to
saliva in periodontitis patients, attributing this to the loca-
lized depletion of antioxidants in the inflamed periodontal
pocket. Others, however, have noted systemic consistency
in uric acid levels between the two fluids, as observed in
this study. These discrepancies could be due to differences
in study design, participant characteristics, or analytical
methods [9, 27, 31, 32].

The results of this study underscore the importance of
oxidative stress and antioxidant dynamics in periodontal
health and disease. Uric acid appears to play a dual role,
acting as a systemic biomarker of oxidative stress and a lo-
cal defender against periodontal inflammation. Future rese-
arch should explore the molecular pathways governing uric
acid metabolism in the context of periodontal disease, with
an emphasis on its diagnostic and therapeutic potential.

Within the limitations of this study, several factors
should be considered when interpreting the findings. The re-
latively small sample size, particularly within certain perio-
dontal subgroups, may limit the statistical power and reduce
the generalizability of the results to larger or more diverse
populations. The cross-sectional nature of the study also
restricts the ability to draw causal inferences regarding the
relationship between uric acid levels and periodontal disease
progression. Additionally, dietary intake and systemic anti-
oxidant status—both of which can influence uric acid con-
centrations—were not controlled or assessed, potentially
introducing confounding variables. The study was conducted
within a single academic institution, which may further limit
the external validity of the results. Future research involving
larger, multicenter cohorts and longitudinal designs is re-
commended to validate these findings and enhance their
applicability in broader clinical settings.

CONCLUSION

Significant reductions in uric acid levels were observed
in both saliva and GCF among individuals with periodontitis
when compared to healthy controls. This trend remained
consistent across both fluids, supporting the hypothesis that
oxidative stress is elevated in periodontal disease and
contributes to the depletion of antioxidant reserves such as
uric acid.

The consistency of uric acid concentrations between
saliva and GCF suggests that both fluids may serve as reli-
able and non-invasive biomarkers for evaluating periodontal
health. Salivary uric acid, in particular, demonstrated str-
ong discriminatory potential, reflecting systemic oxidative
balance, while GCF provided localized insight into perio-
dontal inflammation.

By merging periodontitis stages into a single group, the
statistical power of the analysis was enhanced, allowing for
more robust comparisons. The results confirm that uric acid
plays a meaningful role in the redox imbalance associated
with periodontitis and support its clinical utility in moni-
toring disease status.

These findings contribute to the growing body of evi-
dence supporting the diagnostic value of salivary and cre-



8 The Open Dentistry Journal, 2025, Vol. 19

vicular biomarkers in periodontology and underscore the
importance of oxidative stress in periodontal pathophy-
siology.

AUTHORS’ CONTRIBUTIONS

The authors confirm their contribution to the paper:
N.T.H. and M.M.R.: Study conception and design; H.K.Y.,
M.S.T,, S.F.,, NNM.H,, and A.C.: Data collection; N.T.H., P.S,,
R.M., and M.S.I.: Analysis and interpretation of results;
N.T.H., S.P.P., N.C.C, and S.E.B.: Draft manuscript. All
authors reviewed the results and approved the final version
of the manuscript.

LIST OF ABBREVIATIONS

GCF = Gingival Crevicular Fluid

AAP = American Academy of Periodontology
EFP = European Federation of Periodontology
CAL = Clinical Attachment Loss
ROS = Reactive Oxygen Species
ETHICS APPROVAL AND
PARTICIPATE

This study was approved by the Research and Ethics
Committee of RAKMHSU, with ethical clearance no:
RAKMHSU-REC-043-2022/23-UG-D.

HUMAN AND ANIMAL RIGHTS

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or research committee and with
the 1975 Declaration of Helsinki, as revised in 2013.

CONSENT FOR PUBLICATION

Informed consent was obtained from the subjects.
STANDARDS OF REPORTING

STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS

The data and supportive information are available
within the article.

FUNDING

This research was funded by RAK College of Dental
Sciences, United Arab Emirates, under the Grant No. 2.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES

CONSENT TO

[1] Kononen E, Gursoy M, Gursoy U. Periodontitis: A multifaceted
disease of tooth-supporting tissues. J Clin Med 2019; 8(8): 1135.
http://dx.doi.org/10.3390/jcm8081135 PMID: 31370168

[2] Liccardo D, Cannavo A, Spagnuolo G, et al. Periodontal disease: A
risk factor for diabetes and cardiovascular disease. Int J Mol Sci

[16]

[17]

Hashim et al.

2019; 20(6): 1414.

http://dx.doi.org/10.3390/ijms20061414 PMID: 30897827

Tonetti MS, Greenwell H, Kornman KS. Staging and grading of
periodontitis: Framework and proposal of a new classification and
case definition. ] Periodontol 2018; 89(S1): S159-72.
http://dx.doi.org/10.1002/JPER.18-0006 PMID: 29926952

Babay N, Alshehri F, Al Rowis R. Majors highlights of the new
2017 classification of periodontal and peri-implant diseases and
conditions. Saudi Dent J 2019; 31(3): 303-5.
http://dx.doi.org/10.1016/j.sdentj.2019.04.006 PMID: 31337931
Chapple ILC, Mealey BL, Van Dyke TE, et al. Periodontal health
and gingival diseases and conditions on an intact and a reduced
periodontium: Consensus report of workgroup 1 of the 2017
World Workshop on the Classification of Periodontal and Peri-
Implant Diseases and Conditions. J Periodontol 2018; 89(S1):
S74-84.

http://dx.doi.org/10.1002/JPER.17-0719 PMID: 29926944

Roman YM. The role of uric acid in human health: Insights from
the uricase gene. J Pers Med 2023; 13(9): 1409.
http://dx.doi.org/10.3390/jpm13091409 PMID: 37763176

Kang DH, Ha SK. Uric acid puzzle: Dual role as antioxidant and
pro-oxidant. Electrolyte Blood Press 2014; 12(1): 1-6.
http://dx.doi.org/10.5049/EBP.2014.12.1.1 PMID: 25061467
Shang ], Liu H, Zheng Y, Zhang Z. Role of oxidative stress in the
relationship between periodontitis and systemic diseases. Front
Physiol 2023; 14: 1210449.
http://dx.doi.org/10.3389/fphys.2023.1210449 PMID: 37501927
Ye L, Zhao L, Mei Z, Zhou Y, Yu T. Association between
periodontitis and uric acid levels in blood and oral fluids: A
systematic review and meta-analysis. BMC Oral Health 2023;
23(1): 178.

http://dx.doi.org/10.1186/s12903-023-02900-8 PMID: 36973692
Muiesan ML, Agabiti-Rosei C, Paini A, Salvetti M. Uric acid and
cardiovascular disease: An update. Eur Cardiol 2016; 11(1): 54-9.
http://dx.doi.org/10.15420/ecr.2016:4:2 PMID: 30310447

Yu W, Cheng JD. Uric acid and cardiovascular disease: An update
from molecular mechanism to clinical perspective. Front
Pharmacol 2020; 11: 582680.
http://dx.doi.org/10.3389/fphar.2020.582680 PMID: 33304270

Du L, Zong Y, Li H, et al. Hyperuricemia and its related diseases:
Mechanisms and advances in therapy. Signal Transduct Target
Ther 2024; 9(1): 212.
http://dx.doi.org/10.1038/s41392-024-01916-y PMID: 39191722
Patil P, Patil B. Saliva: A diagnostic biomarker of periodontal
diseases. ] Indian Soc Periodontol 2011; 15(4): 310-7.
http://dx.doi.org/10.4103/0972-124X.92560 PMID: 22368352
Hooshiar MH, Moghaddam MA, Kiarashi M, et al. Recent
advances in nanomaterial-based biosensor for periodontitis
detection. J Biol Eng 2024; 18(1): 28.
http://dx.doi.org/10.1186/s13036-024-00423-6 PMID: 38637787
Dongiovanni P, Meroni M, Casati S, et al. Salivary biomarkers:
Novel noninvasive tools to diagnose chronic inflammation. Int J
Oral Sci 2023; 15(1): 27.
http://dx.doi.org/10.1038/s41368-023-00231-6 PMID: 37386003
Viglianisi G, Tartaglia GM, Santonocito S, et al. The emerging role
of salivary oxidative stress biomarkers as prognostic markers of
periodontitis. ] Pers Med 2023; 13(2): 166.
http://dx.doi.org/10.3390/jpm13020166 PMID: 36836401

Xin X, Xiang X, Xin Y, et al. Global trends in research on oxidative
stress associated with periodontitis from 1987 to 2022: A
bibliometric analysis. Front Immunol 2022; 13: 979675.
http://dx.doi.org/10.3389/fimmu.2022.979675 PMID: 36159848
Hong Y, Boiti A, Vallone D, Foulkes NS. Reactive oxygen species
signaling and oxidative stress: Transcriptional regulation and
evolution. Antioxidants 2024; 13(3): 312.
http://dx.doi.org/10.3390/antiox13030312 PMID: 38539845

Wang Y, Andrukhov O, Rausch-Fan X. Oxidative stress and
antioxidant system in periodontitis. Front Physiol 2017; 8: 910.
http://dx.doi.org/10.3389/fphys.2017.00910 PMID: 29180965
Narendra S, Das UK, Tripathy SK, Sahani NC. Superoxide


http://dx.doi.org/10.3390/jcm8081135
http://www.ncbi.nlm.nih.gov/pubmed/31370168
http://dx.doi.org/10.3390/ijms20061414
http://www.ncbi.nlm.nih.gov/pubmed/30897827
http://dx.doi.org/10.1002/JPER.18-0006
http://www.ncbi.nlm.nih.gov/pubmed/29926952
http://dx.doi.org/10.1016/j.sdentj.2019.04.006
http://www.ncbi.nlm.nih.gov/pubmed/31337931
http://dx.doi.org/10.1002/JPER.17-0719
http://www.ncbi.nlm.nih.gov/pubmed/29926944
http://dx.doi.org/10.3390/jpm13091409
http://www.ncbi.nlm.nih.gov/pubmed/37763176
http://dx.doi.org/10.5049/EBP.2014.12.1.1
http://www.ncbi.nlm.nih.gov/pubmed/25061467
http://dx.doi.org/10.3389/fphys.2023.1210449
http://www.ncbi.nlm.nih.gov/pubmed/37501927
http://dx.doi.org/10.1186/s12903-023-02900-8
http://www.ncbi.nlm.nih.gov/pubmed/36973692
http://dx.doi.org/10.15420/ecr.2016:4:2
http://www.ncbi.nlm.nih.gov/pubmed/30310447
http://dx.doi.org/10.3389/fphar.2020.582680
http://www.ncbi.nlm.nih.gov/pubmed/33304270
http://dx.doi.org/10.1038/s41392-024-01916-y
http://www.ncbi.nlm.nih.gov/pubmed/39191722
http://dx.doi.org/10.4103/0972-124X.92560
http://www.ncbi.nlm.nih.gov/pubmed/22368352
http://dx.doi.org/10.1186/s13036-024-00423-6
http://www.ncbi.nlm.nih.gov/pubmed/38637787
http://dx.doi.org/10.1038/s41368-023-00231-6
http://www.ncbi.nlm.nih.gov/pubmed/37386003
http://dx.doi.org/10.3390/jpm13020166
http://www.ncbi.nlm.nih.gov/pubmed/36836401
http://dx.doi.org/10.3389/fimmu.2022.979675
http://www.ncbi.nlm.nih.gov/pubmed/36159848
http://dx.doi.org/10.3390/antiox13030312
http://www.ncbi.nlm.nih.gov/pubmed/38539845
http://dx.doi.org/10.3389/fphys.2017.00910
http://www.ncbi.nlm.nih.gov/pubmed/29180965

Systemic Consistency of Uric Acid Levels in Saliva

[21]

[22]

[23]

[24]

[25]

[26]

dismutase, uric acid, total antioxidant status, and lipid
peroxidation assay in chronic and aggressive periodontitis
patients. J Contemp Dent Pract 2018; 19(7): 874-80.
http://dx.doi.org/10.5005/jp-journals-10024-2350 PMID: 30066694
Barnes VM, Teles R, Trivedi HM, et al. Acceleration of purine
degradation by periodontal diseases. ] Dent Res 2009; 88(9):
851-5.

http://dx.doi.org/10.1177/0022034509341967 PMID: 19767584
Tan BL, Norhaizan ME, Liew WPP, Sulaiman Rahman H.
Antioxidant and oxidative stress: A mutual interplay in age-related
diseases. Front Pharmacol 2018; 9: 1162.
http://dx.doi.org/10.3389/fphar.2018.01162 PMID: 30405405
Jomova K, Raptova R, Alomar SY, et al. Reactive oxygen species,
toxicity, oxidative stress, and antioxidants: Chronic diseases and
aging. Arch Toxicol 2023; 97(10): 2499-574.
http://dx.doi.org/10.1007/s00204-023-03562-9 PMID: 37597078
Vo TTT, Chu PM, Tuan VP, Te JSL, Lee IT. The promising role of
antioxidant phytochemicals in the prevention and treatment of
periodontal disease. Antioxidants 2020; 9(12): 1211.
http://dx.doi.org/10.3390/antiox9121211 PMID: 33271934

Barros SP, Williams R, Offenbacher S, Morelli T. Gingival
crevicular fluid as a source of biomarkers for periodontitis.
Periodontol 2000 2016; 70(1): 53-64.
http://dx.doi.org/10.1111/prd.12107 PMID: 26662482

Hou W, Xia X, Li Y, Lv H, Liu J, Li X. Recent progress and
perspectives on the relationship between hyperuricemia and
periodontitis. Front Immunol 2022; 13: 995582.

http://dx.doi.org/10.3389/fimmu.2022.995582 PMID: 36466813
Toczewska J, Maciejczyk M, Konopka T, Zalewska A. Total oxidant
and antioxidant capacity of gingival crevicular fluid and saliva in
patients with periodontitis: Review and clinical study.
Antioxidants 2020; 9(5): 450.
http://dx.doi.org/10.3390/antiox9050450 PMID: 32456214

Bai ], Zhou C, Liu Y, et al. Relationship between serum uric acid
levels and periodontitis—A cross-sectional study. PLoS One 2024;
19(9): 0310243.

http://dx.doi.org/10.1371/journal.pone.0310243 PMID: 39331593
Tsai KZ, Su FY, Cheng WC, Huang RY, Lin YP, Lin GM.
Associations between metabolic biomarkers and localized stage I
/ 111 periodontitis in young adults: The CHIEF Oral Health study. J
Clin Periodontol 2021; 48(12): 1549-58.
http://dx.doi.org/10.1111/jcpe.13555 PMID: 34605054

Katsiki P, Nazmi K, Loos BG, et al. Comparing periodontitis
biomarkers in saliva, oral rinse and gingival crevicular fluid: A
pilot study. J Clin Periodontol 2021; 48(9): 1250-9.
http://dx.doi.org/10.1111/jcpe.13479 PMID: 33998029

Priya KL, Mahendra J, Mahendra L, et al. Salivary biomarkers in
periodontitis post-scaling and root planing. J Clin Med 2022;
11(23): 7142.

http://dx.doi.org/10.3390/jcm11237142 PMID: 36498715

Chen Z, Ye L, Zhao L, Liang Z, Yu T, Gao J. Hyperuricemia as a
potential plausible risk factor for periodontitis. Med Hypotheses
2020; 137: 109591.

http://dx.doi.org/10.1016/j.mehy.2020.109591 PMID: 32007821


http://dx.doi.org/10.5005/jp-journals-10024-2350
http://www.ncbi.nlm.nih.gov/pubmed/30066694
http://dx.doi.org/10.1177/0022034509341967
http://www.ncbi.nlm.nih.gov/pubmed/19767584
http://dx.doi.org/10.3389/fphar.2018.01162
http://www.ncbi.nlm.nih.gov/pubmed/30405405
http://dx.doi.org/10.1007/s00204-023-03562-9
http://www.ncbi.nlm.nih.gov/pubmed/37597078
http://dx.doi.org/10.3390/antiox9121211
http://www.ncbi.nlm.nih.gov/pubmed/33271934
http://dx.doi.org/10.1111/prd.12107
http://www.ncbi.nlm.nih.gov/pubmed/26662482
http://dx.doi.org/10.3389/fimmu.2022.995582
http://www.ncbi.nlm.nih.gov/pubmed/36466813
http://dx.doi.org/10.3390/antiox9050450
http://www.ncbi.nlm.nih.gov/pubmed/32456214
http://dx.doi.org/10.1371/journal.pone.0310243
http://www.ncbi.nlm.nih.gov/pubmed/39331593
http://dx.doi.org/10.1111/jcpe.13555
http://www.ncbi.nlm.nih.gov/pubmed/34605054
http://dx.doi.org/10.1111/jcpe.13479
http://www.ncbi.nlm.nih.gov/pubmed/33998029
http://dx.doi.org/10.3390/jcm11237142
http://www.ncbi.nlm.nih.gov/pubmed/36498715
http://dx.doi.org/10.1016/j.mehy.2020.109591
http://www.ncbi.nlm.nih.gov/pubmed/32007821

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. METHODOLOGY
	2.1. Inclusion Criteria
	2.2. Exclusion Criteria
	2.3. Clinical Examination and Grouping
	2.4. Sample Collection
	2.4.1. Saliva Collection

	2.5. GCF Collection
	2.6. Biochemical Analysis
	2.7. Statistical Analysis

	3. RESULTS
	3.1. Data Description
	3.2. Uric Acid Concentrations in Saliva by Disease Severity
	3.3. Uric Acid Concentrations in GCF by Disease Severity
	3.4. Comparison of Uric Acid Levels Between Healthy and Periodontitis Groups
	3.5. Compare the Level of Uric Acid in Saliva and GCF

	4. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


