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Background. Biomarkers can be measured in various biological samples. Urine is among the most useful biofluids for routine
testing, and several experimental and clinical studies support its role as a tool for the diagnosis and prevention of various diseases.
The present systematic review aimed to examine periodontitis-specific urine biomarkers that could have a diagnostic relevance and
to provide a qualitative assessment of the current literature. Materials and Methods. Relevant studies identified from PubMed,
Embase, Cochrane Library, and Scopus databases were examined to answer the following PECO question: “Could the concentra-
tion of specific metabolites in the urine be related to periodontal health and what is their diagnostic accuracy?”. Quality of included
studies was rated using ROBINS-I tool. Meta-analysis was conducted on available quantitative data. Results. After the screening of
768 titles, five studies were included in qualitative synthesis. The studies included referred to the evaluation of 8-hydroxy-2′-
deoxyguanosine (8-OHdG) and neopterin. Meta-analysis was conducted for neopterin concentration on data available in four
studies involving 129 participants. Higher concentrations of neopterin were found in periodontitis-affected patients compared to
controls and patients treated for periodontitis. Conclusions. The literature appears controversial in attributing a role to neopterin
and 8-OHdG as periodontal biomarkers, highlighting the need for further clinical studies on this topic. While some studies report
variations in 8-OHdG and neopterin levels in periodontally affected patients versus either controls or periodontally treated
patients, the level of evidence appears still limited to draw firm conclusions (PROSPERO CRD42020222681).

1. Introduction

Periodontitis is a multifactorial, chronic, inflammatory dis-
ease which recognizes as a major etiologic factor the presence
of a dysbiotic plaque biofilm [1]. In terms of frequency, peri-
odontitis is considered the most common chronic inflamma-
tory disease in humans and the sixthmost prevalent condition
in the world [2]. Severe periodontitis is estimated to affect
approximately 7%–11% of adults worldwide, while mild peri-
odontitis affects around 50% of adults [2, 3].

The diagnosis of periodontitis relies on the evaluation of
biometric clinical parameters, including probing depth (PD), clin-
ical attachment level (CAL), and bleeding on probing (BOP)
[4]. However, the assessment of the levels of inflammation

through clinical parameters may not provide a complete over-
view of the current disease activity or future risk of break-
down [5].

From this perspective, an increasing application of bio-
markers has been promoted to screen and predict the early
onset of periodontitis. Biomarkers are biologic substances
serving as indicators of biological health, pathogenic processes,
environmental exposure, and pharmacologic responses to a
therapeutic intervention [6]. Biomarkers can be measured in
various biological samples, such as blood, urine, saliva, hair,
faeces, cerebrospinal fluid, and body tissues. Urine is among
the most useful biofluids for routine testing, and several experi-
mental and clinical studies support its role as tool for the diag-
nosis, prevention, and treatment of various diseases, such as
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cancer, kidney diseases, infectious diseases, autoimmune dis-
eases, and cardiovascular diseases [7].

Interestingly, evidence from the literature supports the
assessment of biological diagnostic markers as indicators of
periodontal status. Gingival crevicular fluid (GCF) and saliva
have been claimed as potential repositories for the molecular
changes associated with the destruction of periodontal tis-
sues [8]. GCF is considered relevant for the assessment of the
status of periodontal tissues, being rich in antibodies against
oral microorganisms present in the dental biofilm, inflamma-
tory mediators and tissue breakdown products [9]. Salivary
biomarkers encompass a wide variety of inflammation-related
cytokines and immunoglobulins, which can be indicative of the
presence of periodontitis [10]. Consistently with the growing
body of evidence on the relationship between periodontitis
and systemic inflammation, the assessment of blood C-reactive
protein (CRP) fluctuations in course of periodontitis, or fol-
lowing its treatment, have shed a light on the relationship of
biomarkers in course of chronic periodontal diseases [11].
Although the relationship between blood and salivary bio-
markers and periodontitis has been extensively studied, urine
testing has only recently been suggested as a possible method
for assessing periodontal health [12].

The aim of the present study was to systematically review
the evidence on urine biomarkers in course of periodontitis
and to assess their diagnostic relevance through a qualitative
assessment of the current scientific literature.

2. Materials and Methods

2.1. Study Protocol. This research was conducted in accor-
dance with the Cochrane Handbook and reported according
to the PRISMAguidelines (Table 1) [36, 37, 38]. The protocolwas
registered at the International Prospective Register of Systematic
Reviews (PROSPERO), registration number: CRD42020222681.

The following focused question was phrased:
“Could the concentration of specific metabolites in the

urine be related to periodontal health and what is their diag-
nostic accuracy?”

Articles to be included had to follow the following PECO:

(P) Population. Adult systemically healthy patients.
(E) Exposure. Patients or sites with a clinical or radio-
graphic diagnosis of periodontitis.
(C) Comparison. Subjects or sites treated for periodonti-
tis, or periodontally healthy subjects.
(O) Type of outcome measures. Changes in urinary metab-
olite concentration in periodontitis compared to treated
groups or healthy subjects.

No time limitations were applied. Only articles in English
were included.

2.2. Information Sources and Search. An electronic search was
conducted by two independent reviewers (AF, LM) using
PubMed, Embase, Cochrane Library, and Scopus for publica-
tions up to January 2022, using combinations of controlled
terms (MeSH) and free text words. The search strategy was
first designed for the MEDLINE database and was then

modified for the other databases (Table 3). Additionally, a
manual search of periodontology-related journals including
the Journal of Dental Research, theJournal of Clinical
Periodontology, the Journal of Periodontal Research, and the
Journal of Periodontology was performed from 2010 to 2021.
All references were exported and managed in the open-access
platform Colandr (https://www.colandrapp.com) [39].

2.3. Eligibility criteria.The inclusion criteria for title and abstract
analysis are the following:

(1) Studies reporting on systemically healthy human
subjects affected by periodontitis.

(2) Collection of urine metabolomic biomarkers.
(3) Study design: RCTs and clinical trials.

Exclusion criteria are as follows:

(1) Studies reporting on periodontally affected adult patients
with systemic diseases and/or pregnant or breastfeeding.

(2) Study design: Case reports, literature reviews, editor-
ials, animal studies, and in vitro experiments.

2.4. Study Selection. The titles and abstracts of potentially
eligible studies were screened independently by two reviewers
(AF and LM). Any disagreement was resolved by discussion
with a third reviewer (EM). Cohen’s K-score was calculated to
assess the interreviewer reliability in the screening phase.

The reasons for exclusion of studies after full-text analy-
sis were recorded and reported (Table 2). Relevant articles
that met the inclusion criteria were analyzed in full-text.

2.5. Data Extraction and Management. The following data
were collected for each study (AF, LM): authors, study design,
location, sample size, characteristics of patients (mean age,
gender), periodontal diagnosis, treatment (if any), follow-up,
urinary biomarkers and concentration levels, mean clinical
outcomes (PPD, CAL), methodology used for sampling, stor-
age, processing and detection of the urinarymarkers, andmain
findings.

2.6. Risk of Bias in the Included Studies andQuality Assessment.
The quality assessment and the risk of bias of the included
studies were performed independently by two calibrated
reviewers (LM, AF). The risk of bias for nonrandomized stud-
ies was performed using ROBINS-I tool [40, 41]. In cases of
critical or serious judgment, the study was considered at high
risk of bias.

2.7. Data Synthesis. The urinary concentrations of biomarkers
considered relevance for periodontal patients were reported.
The concentration of each biomarker in periodontal patients
at diagnosis/baseline and after treatment was expressed as
mean and standard deviation.

A random-effect model was employed to estimate the aver-
age urinarymean concentration of each biomarker at diagnosis/
baseline. Then, a random-effect model was applied to assess
mean differences in urinary concentration of each biomarker
between periodontal patients at diagnosis versus healthy
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controls, as well as between periodontal patients at diagnosis
versus at first follow-up.

In all the models, a restrictedmaximum-likelihood estima-
tor (REML) was used to estimate tau [2]. Tau [2] and predic-
tion intervals were reported to represent the overall level of
heterogeneity, as well as I2 to describe it. A value of I2 between
25% and 50% was considered as low heterogeneity, between
50% and 75% as medium heterogeneity, and >75% as high
heterogeneity. The results of the meta-analyses were graphi-
cally represented using forest plots.

A meta-regression of the average urinary mean concen-
tration of each biomarker at diagnosis/baseline was also per-
formed, with mean age and gender as potential predictors.

The numerical synthesis of the results as well as the figures
were developed using R studio and the metaphor package [42].

3. Results

3.1. Study Selection. In total, 768 articles were retrieved through
the electronic search. Manual search did not retrieve further

TABLE 2: Reasons for study exclusion following full-text analysis.

Nonperiodontal
patients

Absence of biomarkers
Other diseases/not periodontal

biomarkers
Same data from other study

Cooke et al. [13]
Ojeda et al. [14]

Matsumoto et al. [15] Yamori et al. [16]
Yoshihara et al. [17] Yoshihara et al. [18]

Brotto et. al. [19] Grubbs et al. [20]
Ioannidou et al. [21] Kang et al. [22]
Liu K et al. [23] Mesa et al. [24]

Nakajima et al. [12]
Schulze-Späte et al. [25]

Vachhani et al. [26] vonWowern et al. [27]
Wangerin et al. [28]

Prasanna et al. [29]

TABLE 3: Electronic search strategy.

Electronic search strategy

PubMed: (“periodontal disease”(Mesh) OR “periodontitis”(Mesh) OR “gingivitis”(Mesh) OR “periodontal disease” OR “periodontitis” OR
“gingivitis”) AND (“urine” OR “urinary” OR “urinalysis”) Embase: (“periodontal disease”/exp OR “periodontitis”/exp OR gingivitis ∗) AND
(“urine”/exp OR “urinary”/exp OR urinalysis ∗) Cochrane: #1 MeSH descriptor: (Periodontal diseases) explode all trees #2 MeSH descriptor:
(Periodontitis) explode all trees #3 MeSH descriptor: (Gingivitis) explode all trees #4 #1 OR #2 OR #3 #5 #4 AND “urine” #6 #4 AND
“urinary” #7 #4 AND “urinalysis”

Andreu et al. [30]
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FIGURE 1: Risk of bias assessment for each of the included studies. Domains: D1, bias due to confounding; D2, bias due to selection of
participants; D3, bias in classification of interventions; D4, bias due to deviations from intended interventions; D5, bias due to missing data;
D6, bias in measurements of outcomes; D7, bias in selection of the reported result.
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FIGURE 2: Meta-analysis of the four studies [31, 32, 33, 34, 35] reporting fluctuations in neopterin levels.
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FIGURE 4: Meta-analysis of the studies [31, 32, 34] evaluating neopterin levels in periodontal patients pre- and post-treatment.
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FIGURE 5: Risk of bias assessment with the ROBINS-I tool.
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studies. After the removal of duplicates, 597 titles and abstracts
were screened for eligibility and 25 papers were analyzed in full-
text. Of these, 19 articles were excluded (Table 2), and six papers
were included in the review (Figure 6). Inter-reviewer agree-
ment was k= 0.92 for abstract screening and k= 0.97 for full-
text analysis.

3.2. Study Characteristics. All the identified studies were pub-
lished between 1997 and 2022 [30, 31, 32, 33, 34, 35]. Two
studies were conducted in Turkey [30, 32], the others in Spain
[35], India [33], Austria [34], and Czech Republic [31]. The
sample size ranged between 16 and 70 individuals. All the
papers reported observational studies. Two studies had a
cross-sectional design [33, 35], three were case-control studies
[30, 31, 32], and one was a cohort study [34].

Periodontitis case definitions and periodontal parameters
were heterogeneous across the studies. Only two studies pre-
sented the classification for periodontal diseases currently in
use [31, 35]. Two articles enrolled patients with chronic peri-
odontitis (CP) [33, 34], and two studies referred to patients with
aggressive periodontitis (AgP) [33, 34]. Three studies included a
control group of healthy patients (Table 4) [30, 31, 32].

3.3. Synthesis of the Results. The studies included provided
data on 8-hydroxy-2′-deoxyguanosine (8-OHdG) [35] and
neopterin concentration [30, 31, 32, 33, 34] in a total of
199 patients (70 evaluated for 8-OHdG levels, 129 for neop-
terin levels). Meta-analysis was conducted only for neopterin,
for which data were available in five studies involving 129
participants.

Records identified from:
databases (n = 768)

registers (n = 0)

Records removed before screening:
duplicate records: (n = 171)

records removed for other reasons (n = 0)

Records screened
(n = 597) Records excluded (n = 572)

Reports assessed for
eligibility (n = 25)

Reports excluded:
(1) Not periodontal patients (n = 2)
(2) Absence of biomarkers reporting (n = 5)
(3) Other diseases/not periodontal biomarkers
      (n = 11)
(4) Same data of other studies (n = 1)

Studies included in
qualitative synthesis

(n = 6)

Identification of studies via databases and registers
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Records not retrieved (n = 0)

FIGURE 6: PRISMA flowchart. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers.
From: MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit at http://www.prisma-statement.org/.
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Gender was employed as a potential predictor for the
meta-regression. Female gender in the sample was a sig-
nificant predictor of the estimation of the average mean
urinary concentration of neopterin (p¼ 0:03). Female gen-
der accounted for almost 60% of heterogeneity in the
model (R2= 59.39). Due to the limited number of observa-
tions and the missing values in the included studies, no
meta-regression was conducted using the average age of
the patients as potential predictor.

Regarding other confounders, only one study [35] included
smokers, who represented 34.3% of the sample. Three studies
[31, 32, 33] excluded smokers from the sample. The remaining
two studies [30, 34] did not give any information on smoking
status. Two studies [30, 33] included only systemically healthy
patients. The remaining studies [31, 32, 34, 35] did not provide
information on systemic health status.

3.4. Average Mean Concentration of 8-OHdG. The concen-
tration of 8-OHdG was investigated in one study [35]. No
differences were observed in 8-OHdG urine levels between
groups of patients affected by different stages of periodontitis
(10.9Æ 3.05 μg/g in Stage II; 9.17Æ 2.05 μg/g in Stage III; and
9.84Æ 3.21 μg/g in Stage IV).

3.5. Average Mean Concentration of Neopterin. An average
mean urinary concentration of neopterin of 195.75mmol
neopterin/mol creatinine (95% CI [100.30 to 291.20]; p¼
0:03; I2= 61%) was found in periodontal patients at diagno-
sis (Figure 2).

When comparing periodontal patients and controls, con-
trols showed lower neopterin levels, although no statistically
significant differences were reported (ns= 3; np= 95; WMD
=−18.88 mmol neopterin/mol creatinine; 95% CI [−44.06;
6.30]; p¼ 0:82; I2= 31.75%) (Figure 3).

Following periodontal treatment, a statistically signifi-
cant decrease in neopterin levels was recorded (ns= 3; np
= 63; WMD=−33.42 mmol neopterin/mol creatinine; 95%
CI [−205.08; 138.23]; p<0:01; I2= 98%) (Figure 4).

3.6. Risk of Bias Assessment. The risk of bias assessment for
the included studies was completed independently by two
reviewers (AF, LM) as part of the data extraction process using
ROBINS-I tool and is summarized in Figures 1 and 5. One
paper [32] showed a low risk of bias, one paper [35] amoderate
risk of bias, and three papers [30, 31, 33] a high risk of bias,
while one paper [34] showed a critical risk of performance
bias due to missing data.

4. Discussion

The present systematic review highlights an overall paucity of
literature on the association between urine biomarkers and
periodontal health status. The results suggest the presence of
higher urine biomarkers concentrations in periodontally
affected patients compared to treated patients or healthy con-
trols. Neopterin may be a relevant biomarker of periodontal
status, as its concentration is significantly lower both in
healthy subjects and in patients receiving periodontal treat-
ment. The evidence on 8-OHdG is extremely scarce, and no

statistically significant differences were detected depending
on the stage of periodontitis. It should be noted, though,
that only one study investigated this biomarker and presented
an overall limited study sample. Such results should be inter-
pretated with caution due to the weak evidence provided by
the literature available.

Periodontal biomarkers are a trending topic in the cur-
rent literature. The increasing attention toward periodontal
medicine has fostered the research on the systemic implica-
tions of periodontal diseases. Importantly, a relationship has
been found between periodontitis and cardiovascular diseases
[43], diabetes [44], adverse pregnancy outcomes [45], and in
general with systemic inflammation [46]. Indeed, untreated
periodontitis has been associated with elevated systemic
inflammation, which could contribute to the development
of systemic health complications [47]. Among the inflamma-
tion biomarkers studied in relationship to periodontitis,
serum C-reactive protein (CRP) is the most commonly exam-
ined. Evidence suggests that CRP levels tend to decrease fol-
lowing periodontal treatment [11]. Other biomarkers can be
titrated in the saliva and gingival crevicular fluid, including
macrophage inflammatory protein-1 alpha (MIP-1α), inter-
leukin-1 beta (IL−1β), interleukin-6 (IL-6), andmatrix metal-
loproteinase-8 (MMP-8) [48].

A growing interest in the role of neopterin and its rela-
tionship with periodontitis has been reported in the literature
[49]. Neopterin is a pteridine deriving from guanosine triphos-
phate involved in cell-mediated immunity, and it is considered
a biomarker for macrophage activation with a regulating effect
on the bioavailability of nitric oxide [50]. Its effects include the
enhancement of the cytotoxic potential of activated macro-
phages and the activation of reactive oxygen species [51]. A
role in tumor development and growth has also been hypoth-
esized due to the role of neopterin in inducing c-fos protoon-
cogene [52].

Neopterin can be sampled in several bodily fluids with
high-performance liquid chromatography or enzyme-linked
immunosorbent assay methods [53]. In GCF sampling, neop-
terin titration may indicate the presence of inflammation
along with the detection of T-cells and other inflammatory
infiltrates [51]. In urinary samples, neopterin is titrated in a
ratio with creatinine. Importantly, a variability in neopterin
values has been found, showing higher values in women and
older individuals. Moreover, a circadian oscillation has been
observed with a peak between 7.00 and 12.00 am [54]. The
role of gender as a predictor of mean urinary concentration of
neopterin was also confirmed by the present analysis. In our
meta-analysis, only studies reporting on urinary concentra-
tion of neopterin were evaluated. However, the limited litera-
ture available hinders the validation of a direct relationship
between neopterin levels and periodontitis. While it could be
possible that neopterin levels may be involved in periodonti-
tis, presumably due to macrophage activation associated both
with periodontitis and neopterin levels increase, it should not
be forgotten that factors other than periodontitis may con-
tribute to neopterin fluctuations, being a very sensitive and
nonspecific biomarker of cellular immune system activation
[55]. Moreover, literature is extremely controversial on the
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effects of periodontal treatment on urinary neopterin levels,
and the increase in neopterin levels has been described fol-
lowing periodontal therapy [33] as well as the decrease in the
neopterin/creatinine ratio [29, 34]. The evidence available
highlights the unmet need for clinical trials investigating the
actual relationship between neopterin levels and periodontitis.

Similarly to neopterin, 8-OHdG is a biomarker for oxidative
stress and carcinogenesis, which has been employed for the risk
assessment of cancer and degenerative diseases [56]. 8-OHdG
role as a biomarker associated with periodontitis has been previ-
ously evaluated through salivary titration, showing positive cor-
relation with the presence of chronic periodontitis andmicrobial
parameters [57]. Moreover, increased levels of 8-OHdG have
been reported in gingival crevicular fluid of periodontally
affected sites [58]. However, the study included in the present
review did not highlight a correlation between urine concentra-
tions of 8-OHdG and periodontal disease activity.

Overall, the literature appears controversial in attributing
a role to both neopterin and 8-OHdG as periodontal biomar-
kers, highlighting the need for further clinical studies on this
topic. While some studies report variations in these biomar-
kers’ levels in periodontally affected patients versus either
controls or periodontally treated patients, the level of evi-
dence appears still limited to draw firm conclusions [59].

The present review has some limitations. First, the paucity
of literature on urinary biomarkers in periodontitis allowed to
evaluate only neopterin and 8-OHdG. Second, only one study
reported on 8-OHdG, providing insufficient evidence on this
biomarker. Moreover, the quality of the studies included was
deemed at moderate/high risk of bias, which can negatively
affect the quality of the results. The studies reporting on neop-
terin levels in periodontal patients pre- and post-treatment
evaluated patients after different follow-up periods. Indeed,
the comparison between periodontally affected patients versus
healthy or treated groups in terms of urinary metabolite con-
centration as an outcome may limit the assessment of the
diagnostic accuracy of the investigated biomarkers. Moreover,
it was not possible to assess the potential role of confounders
contributing to systemic inflammation. The included studies
enrolled relatively limited samples, thus highlighting the need
for further evaluation on larger cohorts.

Nevertheless, a trend toward an increase in urinary neop-
terin can be hypothesized in the presence of untreated peri-
odontitis, as the literature available suggests a normalization
of neopterin levels following periodontal treatment. Con-
versely, the evidence on 8-OHdG is still extremely scarce
and cannot be validated.

5. Conclusions

The evidence available from the present review aims at rais-
ing awareness on the potential role of urinary biomarkers for
the diagnosis, prognosis, and monitoring of periodontitis, as
to date there is insufficient evidence to draw firm conclu-
sions. Further studies assessing urinary biomarker variations
in the course of periodontitis compared to treated or healthy
subjects are advised to enrich the body of literature on this
topic.
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