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Abstract

Periodontitis involves interacting neural, immune, oxidative and epithelial barrier pathways, yet
these are rarely measured together in the same patients. This cross-sectional case—control
study evaluated a salivary panel comprising neuropeptide Y, interleukin-18, zonula occludens-
1, claudin-2 and malondialdehyde in periodontitis. Forty non-smoking patients with periodonti-
tis (Stage Il, n = 20; Stage llI-1V, n = 20) and 40 age- and sex-matched periodontitis-free controls
were recruited at Tikrit Teaching Hospital, Iraq, between February and July 2026. Unstimulated
whole saliva was analyzed by enzyme-linked immunosorbent assay, and diagnostic performance
was assessed by receiver operating characteristic analysis with bootstrap internal validation,
followed by multivariable logistic regression. All five biomarkers were 1.7- to 2.0-fold higher in
periodontitis (all P < 0.001), remained higher after accounting for salivary flow (P < 0.002), in-
creased with disease severity (P for trend < 0.001) and correlated with probing depth, attach-
ment loss and bleeding on probing (Spearman coefficients 0.36—0.52). Individual areas under
the curve ranged from 0.74 for claudin-2 to 0.81 for interleukin-18. The combined panel reached
an area under the curve of 0.90 (95% confidence interval 0.83—0.97; optimism-corrected 0.88),
exceeding interleukin-18 (P = 0.012) and malondialdehyde (P = 0.006). After adjustment for age,
sex and plague index, neuropeptide Y, interleukin-18 and malondialdehyde remained inde-
pendently associated with periodontitis, whereas zonula occludens-1 and claudin-2 did not. A
reduced panel of neuropeptide Y, interleukin-18 and malondialdehyde performed comparably
to the full panel (area under the curve 0.88; P = 0.284). Salivary neuropeptide Y, interleukin-18
and malondialdehyde are independently associated with periodontitis, whereas salivary tight
junction proteins track disease severity without independent association, consistent with down-
stream barrier injury.

a dysregulated host response to a dysbiotic
subgingival biofilm. It affects a large proportion
of dentate adults worldwide and remains a
leading cause of tooth loss [1,2]. Tissue

Introduction
Periodontitis is a chronic inflammatory disease
of the tooth-supporting tissues that arises from
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destruction in periodontitis is driven less by the
microbial challenge itself than by a sustained,
non-resolving host response in which innate
immune activation, oxidative injury and
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DEﬂtiSt[—l:l BZZ Ze Y, Interleukin-18, Tight Junction Proteins and Malondialdehyde as a Neuroimmune-Barrier Panel in Periodontitis

Vol 14, No 3 (2026) DOI 10.5195/d3000/2026.1625
epithelial breakdown reinforce one another
[3]. The 2017 World Workshop classification
captured this heterogeneity through a staging
and grading framework, yet staging still rests
on clinical and radiographic measures of dam-
age that has already occurred [4-6].

This reliance on cumulative clinical measures
has encouraged the search for host-derived bi-
omarkers that reflect current biological activ-
ity. Whole saliva is attractive for this purpose
because it is collected non-invasively and inte-
grates signals from all periodontal sites, the
oral mucosa and the salivary glands [7]. Sys-
tematic reviews, however, indicate that indi-
vidual salivary biomarkers show moderate and
inconsistent diagnostic accuracy, whereas
combinations of markers that represent differ-
ent biological pathways tend to perform better
[8,9]. The choice of pathways to combine is
therefore a central design question.

One pathway that has received little attention
in salivary studies is the neuroimmune axis.
The gingiva is densely innervated by peptider-
gic fibers, and neuropeptides released from
these fibers modulate vascular tone, leukocyte
trafficking and cytokine production in the peri-
odontium [10]. Neuropeptide Y (NPY), a 36-
amino-acid peptide co-released with nora-
drenaline from sympathetic nerve terminals,
acts on immune cells through Y1 receptors and
exerts context-dependent pro- and anti-in-
flammatory effects [11,12]. Evidence in perio-
dontitis is limited and not fully consistent: two
gingival crevicular fluid (GCF) studies reported
lower NPY at diseased sites than at healthy
sites [13,14], whereas a salivary study found
NPY to be higher in the saliva, but not the se-
rum, of patients with periodontitis, where it
correlated with disease extent, severity and
bleeding on probing [15]. Salivary NPY has not,
however, been examined together with inflam-
matory, oxidative and barrier markers in the
same patients. Experimental work in the intes-
tine has also shown that NPY interacts with tu-
mor necrosis factor to regulate epithelial per-
meability [16], which raises the possibility that
neural signals contribute to barrier failure in
other mucosal sites.

The gingival epithelium forms the first physical
barrier against the subgingival biofilm. Its in-
tegrity depends on intercellular junctions, in-
cluding tight junctions composed of claudins,
occludin and the cytoplasmic scaffold protein
Z0-1 [17,18]. Periodontal pathogens can dis-
mantle these structures directly: Porphyromo-
nas gingivalis gingipains degrade junctional ad-
hesion molecule 1 and permit the penetration
of bacterial products into the connective tissue
[19], and the same organism suppresses the
epithelial transcription factor GRHL2, reducing
junctional protein expression [20]. Tight-junc-
tion proteins also respond dynamically to
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bacterial products in oral epithelial cells [21].
Claudin-2 is of particular interest because it
forms cation-selective paracellular pores and is
up-regulated by inflammatory cytokines, pro-
ducing a leaky barrier in inflamed mucosa [22].
When junctional complexes are degraded or
remodeled, fragments of these proteins may
be released into the surrounding fluids, and
their salivary concentration could therefore
serve as an indirect readout of barrier injury.
Two further processes link inflammation to
barrier damage. IL-18 is a product of NLRP3 in-
flammasome activation, which is enhanced in
periodontal tissues and saliva of patients with
periodontitis [23-25]; a recent meta-analysis
confirmed that IL-18 is elevated in periodonti-
tis [26]. IL-18 also directly regulates epithelial
barrier function in the intestinal mucosa [27].
Oxidative stress, conventionally measured
through the lipid peroxidation product
malondialdehyde (MDA), is well documented
in periodontitis [28—30]. Reactive oxygen spe-
cies disrupt epithelial tight junctions [31] and
act as upstream signals for inflammasome acti-
vation [32], placing oxidative stress at the junc-
tion of the immune and barrier pathways.
Despite these mechanistic connections, neural,
inflammasome, oxidative and barrier markers
have generally been examined in isolation. The
present study therefore measured a five-
marker salivary panel comprising NPY, IL-18,
Z0-1, claudin-2 and MDA in patients with peri-
odontitis and periodontitis-free controls. The
aims were to compare marker concentrations
between groups, to examine their relationship
with disease severity and clinical parameters,
to evaluate the diagnostic performance of indi-
vidual markers and combined panels, and to
identify markers independently associated
with periodontitis. We hypothesized that all
five markers would be elevated in periodontitis
and that a combined panel would discriminate
disease more accurately than any single
marker.

Material and Methods

This analytical cross-sectional case-control
study was conducted at the outpatient clinics
of Tikrit Teaching Hospital, Tikrit, Salah ad-
Din Governorate, Iraq, between 1 February
2026 and 2 July 2026. Participants were re-
cruited from individuals attending the out-
patient clinics after verification of the inclu-
sion and exclusion criteria. Clinical perio-
dontal examination and saliva collection
were performed on site, after which samples
were transported to the laboratory for bio-
chemical analysis. The study is reported in
accordance with the STROBE guidelines for
observational studies [33] and, for the diag-
nostic accuracy analyses, the STARD 2015
guidelines [34]. The study protocol was first

approved by the Scientific Affairs Division,
College of Education for Pure Sciences, Uni-
versity of Samarra (letter no. 1647, 19 Janu-
ary 2026), and subsequently by the Scientific
and Ethics Research Committee of the Salah
ad-Din Health Directorate, Training and Hu-
man Development Centre (research project
no. 2026-24; committee decision no. 24; ses-
sion of 27 January 2026). Official permission
to conduct the study at Tikrit Teaching Hos-
pital was granted by the Research Manage-
ment Unit, Salah ad-Din Health Directorate,
Ministry of Health (letter no. 912, 27 January
2026). The study was conducted in accord-
ance with the Declaration of Helsinki. Before
enrolment, all participants were informed of
the nature, aims and procedures of the study
and provided written informed consent; con-
fidentiality of personal data was assured by
using coded identification numbers instead
of names in clinical and laboratory records,
and participants were free to withdraw at
any time without any effect on the health
care they received.

A total of 80 adults attending the outpatient
clinics of Tikrit Teaching Hospital were en-
rolled after verification of eligibility and allo-
cated to two equal groups: 40 patients with
periodontitis and 40 periodontitis-free con-
trols, frequency-matched for age and sex.
Periodontitis was diagnosed according to the
2017 AAP/EFP classification on the basis of
detectable interdental clinical attachment
loss (CAL) with increased probing pocket
depth (PPD) at multiple sites [4, 5]. For the
secondary analysis, patients were staged ac-
cording to the severity of interdental CAL,
PPD and the extent of disease, with pano-
ramic and, when needed, periapical radio-
graphs used as an adjunct to assess alveolar
bone loss and assign the stage; those with
Stage II disease were classified as moderate
(n=20) and those with Stage Ill or IV disease
as severe (n = 20), allowing a gradient to be
examined from periodontal health through
moderate to severe periodontitis. Controls
showed no clinical evidence of periodontitis,
defined as PPD < 3 mm and no interdental at-
tachment loss attributable to periodontitis.
Inclusion criteria were age 25 to 55 years
and the presence of at least 20 natural teeth,
excluding third molars, allowing a full-
mouth periodontal examination. Exclusion
criteria were current or former tobacco
smoking; uncontrolled diabetes mellitus;
systemic immune-mediated or inflammatory
diseases; advanced renal or hepatic disease;
malignancy; pregnancy or lactation; use of
medications that may influence neural or im-
mune responses, including B-blockers and
certain psychotropic drugs; use of antibiotics
or anti-inflammatory drugs within the pre-
ceding 3 months; and surgical or non-
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surgical periodontal treatment within the
preceding 6 months.

All clinical periodontal examinations were
performed by a single trained and calibrated
examiner. Before clinical data collection be-
gan, the examiner was trained and calibrated
to standardize the periodontal examination
and minimize measurement variability. Cali-
bration was performed on 10 individuals
who were not part of the study sample; PPD,
CAL and BOP were recorded at the same sites
on two occasions 7 days apart, with the sec-
ond examination performed without refer-
ence to the first. Reproducibility of the con-
tinuous measurements was assessed sepa-
rately for PPD and CAL with the intraclass
correlation coefficient (ICC), and agreement
in recording BOP, as a binary variable, with
Cohen’s kappa. Values = 0.80 were prede-
fined as acceptable; the ICC was 0.92 for PPD
and 0.90 for CAL, and « for BOP was 0.86, in-
dicating high reproducibility before the main
examination began.

All participants were then examined by the
calibrated examiner using a mouth mirror
and a UNC-15 periodontal probe. PPD, CAL
and bleeding on probing (BOP) [35] were
recorded at six sites per tooth (mesiobuccal,
midbuccal, distobuccal, mesiolingual/pala-
tal, midlingual/palatal and distolingual/pal-
atal), together with the Plaque Index [36]
and Gingival Index [37], on all teeth exclud-
ing third molars, using the same procedure
for every participant. The clinical examina-
tion was carried out after saliva collection to
avoid contamination of samples with blood.
Unstimulated whole saliva was collected
from all participants between 9:00 and
11:00 a.m. to limit diurnal variation in sali-
vary secretion and biomarker levels. Partici-
pants were asked to refrain from eating,
drinking (except water), tooth brushing and
the use of mouthwash for at least 90 min be-
fore collection. After sitting in a comfortable
position for several minutes, each partici-
pant provided saliva by the passive drool
method [38] into a sterile tube over 5 min.
Saliva was collected before the periodontal
examination to avoid contamination with
blood induced by probing. The volume of sa-
liva and the collection time were recorded
for each participant, and the unstimulated
salivary flow rate was calculated as volume
divided by collection time (mL/min).
Samples were transported to the laboratory
under refrigeration and centrifuged at 3000
x g for 15 min at 4 °C to remove cells and de-
bris. The clear supernatant was carefully col-
lected, divided into separate aliquots and
stored at -80 °C until analysis; repeated
freeze-thaw cycles were avoided. The maxi-
mum storage time before analysis did not ex-
ceed 3 months.
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Salivary NPY, IL-18, ZO-1, claudin-2 and
MDA were measured with commercial hu-
man ELISA kits (SunLong Biotech Co., Ltd.,
Hangzhou, China) according to the manufac-
turer’s instructions. NPY was measured with
the Human Neuropeptide Y (NPY) ELISA Kit
(Cat. No. SL4604Hu; assay range 4.6-400
pg/mL; sensitivity 0.9 pg/mL; intra- and in-
ter-assay coefficients of variation < 10% and
< 12%, respectively). IL-18 was measured
with the Human Interleukin-18 ELISA Kit
(Cat. No. SL0980Hu), ZO-1 with the Human
Z0-1/TJP1 ELISA Kit (Cat. No. SL2819Hu),
and claudin-2 with the Human Claudin-2
ELISA Kit (Cat. No. SL4486Hu). MDA was
measured immunochemically with the Hu-
man Malondialdehyde ELISA Kit (Cat. No.
SL1135Hu; assay range 7-400 ng/mL; sensi-
tivity 1.5 ng/mL) rather than by the thiobar-
bituric acid reactive substances (TBARS)
method. The assay ranges (sensitivities)
were 1.5-100 pg/mL (0.5 pg/mL) for IL-18,
31.2-2000 pg/mL (6.1 pg/mL) for ZO-1, and
31.2-2000 pg/mL (5.6 pg/mL) for claudin-2.
The intra- and inter-assay coefficients of var-
iation were <10% and <12%, respectively,
for these assays and for MDA.

Reagents and samples were brought to the
required temperature before each assay, and
a separate standard curve was prepared for
every run. Standards, samples and reagents
were added following the manufacturer’s se-
quence of steps. For NPY, samples were di-
luted 1:5 within the well (10 pL saliva plus
40 pL sample diluent). The IL-18 assay pro-
tocol likewise includes a 1:5 in-well dilution;
samples whose in-well readings exceeded
the upper limit of the standard curve (100
pg/mL) were further diluted 1:2 with sample
diluent and re-assayed, giving a total dilution
factor of 10, and final IL-18 concentrations
were calculated by multiplying the values in-
terpolated from the standard curve by this
factor. Optical density was read at 450 nm
with a BioTek ELx800 microplate reader
(Agilent Technologies, Santa Clara, CA, USA),
and concentrations were derived from the
standard curve of each run, fitted with a five-
parameter logistic (5PL) model for NPY, as
recommended by the kit, and a four-parame-
ter logistic (4PL) model for the other bi-
omarkers. All samples were assayed in dupli-
cate and the mean of the two readings was
used. Samples whose readings fell outside
the standard range were re-assayed after ap-
propriate further dilution, and results were
multiplied by the total dilution factor. All
NPY measurements fell within the quantifia-
ble range of the assay; a pre-specified rule of
assigning LLOQ/2 to values below the lower
limit of quantification was not required.
Samples were labelled with sequential
codes, laboratory personnel were blinded to
the clinical classification of participants

throughout the measurements, and the code
was broken only after the laboratory results
had been finalized.

The sample size was calculated a priori with
G*Power version 3.1.9.7 for a two-tailed
comparison between two independent
groups (t-test family). Assuming a medium-
to-large effect size (Cohen’s d = 0.65) based
on preliminary pilot data obtained from a
small sample before the study, a = 0.05,
power of 80% and a 1:1 allocation ratio, a
minimum of 39 participants per group was
required. Forty participants were enrolled in
each group (total n = 80), which provides an
achieved power of approximately 82% un-
der the same assumptions.

Analyses were performed with IBM SPSS Sta-
tistics version 26.0 (IBM Corp., Armonk, NY,
USA); DeLong comparisons of AUCs and
bootstrap internal validation were per-
formed in R version 4.4.1 (R Foundation for
Statistical Computing, Vienna, Austria). Nor-
mality was assessed with the Shapiro-Wilk
test. Normally distributed variables are pre-
sented as mean #* standard deviation and
compared with the independent-samples t-
test; non-normally distributed variables are
presented as median (interquartile range)
and compared with the Mann-Whitney U
test. Categorical variables were compared
with the chi-square test. Differences across
healthy, moderate and severe groups were
assessed with the Kruskal-Wallis test fol-
lowed by Dunn’s post hoc test with Bonfer-
roni correction, and ordered trends were
evaluated with the Jonckheere-Terpstra
test. Associations between biomarkers and
clinical parameters were examined with
Spearman’s rank correlation in the whole co-
hort, and correlations among the five bi-
omarkers were examined within the perio-
dontitis group (n = 40) and, for comparison,
in the whole cohort (n = 80).

Diagnostic performance was assessed by re-
ceiver operating characteristic (ROC) analy-
sis. Optimal cut-offs were selected by max-
imizing the Youden index [39]. Combined
panels were constructed from the predicted
probabilities of logistic regression models,
and correlated AUCs were compared with
the DeLong test [40]. Optimism in the AUC of
the combined five-marker panel was esti-
mated by bootstrap resampling with 1000
replicates [41]. Independent associations
were examined by multivariable logistic re-
gression with all five biomarkers entered
simultaneously and adjustment for age, sex
and plaque index. Model calibration was as-
sessed with the Hosmer-Lemeshow test, ex-
plained variance with Nagelkerke R? and
multicollinearity with variance inflation fac-
tors (VIF). To verify that group differences
were not explained solely by differences in
salivary dilution, the secretion rate of each
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biomarker was calculated as its salivary con-
centration multiplied by the salivary flow
rate and compared between groups in a sec-
ondary analysis with the Mann-Whitney U
test. Two-sided P values < 0.05 were consid-
ered statistically significant.

Results

0f 112 individuals assessed for eligibility, 32
were excluded (5 did not meet the inclusion
criteria, 20 met one or more exclusion crite-
ria and 7 declined to participate), leaving 80
participants, all of whom were included in
the final analysis (Figure 1). The two groups
were comparable in age (39.2 + 7.1 vs 40.0 +
7.6 years; P = 0.62) and had identical sex dis-
tributions (Table 1). As expected, Plaque In-
dex, Gingival Index, BOP, PPD and CAL were
all significantly higher in the periodontitis
group (all P < 0.001). Unstimulated salivary
flow rate was slightly lower in patients than
in controls, but the difference was not statis-
tically significant (0.39 vs 0.46 mL/min; P =
0.071). Among patients, 20 had Stage II, 14
Stage III and 6 Stage IV periodontitis.

All five salivary biomarkers were signifi-
cantly higher in patients with periodontitis
than in healthy controls (all P < 0.001; Table
2). The largest relative increases were ob-
served for NPY and MDA, whose median con-
centrations were approximately doubled
(NPY 76 vs 38 pg/mL; MDA 43.6 vs 21.8
ng/mL).IL-18 and claudin-2 showed 1.9-fold
increases, and Z0-1 showed a 1.74-fold in-
crease. In the secondary analysis based on
secretion rates (concentration x flow rate),
all five biomarkers remained significantly
higher in periodontitis (P < 0.001 for NPY, IL-
18, claudin-2 and MDA; P = 0.002 for ZO-1),
with fold differences of 1.49-1.71 (Supple-
mentary Table S2). The group differences
were therefore not explained by salivary di-
lution, although the difference for Z0-1 was
somewhat attenuated.

When patients were stratified by stage, all bi-
omarkers increased progressively from
health through moderate to severe perio-
dontitis (Kruskal-Wallis P < 0.001 and
Jonckheere-Terpstra P for trend < 0.001 for
every marker; Table 3). Both moderate and
severe groups differed from healthy controls
(all P < 0.01), and severe disease was associ-
ated with significantly higher concentrations
than moderate disease for each marker. The
separation between moderate and severe
disease was most pronounced for MDA (P =
0.008) and IL-18 (P = 0.012), followed by
NPY (P = 0.021), claudin-2 (P = 0.027) and
Z0-1 (P =0.038).

Every biomarker correlated positively and
significantly with PPD, CAL and BOP (r, =
0.36-0.52; Table 4). For each marker, the
strongest correlation was with CAL. MDA
and IL-18 showed the highest coefficients
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overall (MDA-CAL r, = 0.52; IL-18-CAL r, =
0.51), whereas claudin-2 showed the weak-
est (claudin-2-BOP r, = 0.36).

Within the periodontitis group, the strongest
correlation was observed between the two
tight-junction proteins, ZO-1 and claudin-2
(r; = 0.51, P < 0.001; Table 5). IL-18 corre-
lated with MDA (r, = 0.48) and ZO-1 (r, =
0.42) (both P < 0.01), and weakly with clau-
din-2 (r, = 0.36). MDA correlated weakly
with ZO-1 (r; = 0.39) and claudin-2 (r, =
0.35). NPY showed weak correlations with
IL-18 (r; = 0.37) and MDA (r, = 0.34) (both P
< 0.05) but was not significantly correlated
with ZO-1 (r,=0.29, P = 0.07) or claudin-2 (r
= 0.25, P = 0.12). In the whole cohort the
same pattern was observed with stronger
coefficients (r; = 0.31-0.58, all P < 0.01; Sup-
plementary Table S1), reflecting the added
between-group variation. No pair of markers
exceeded r, = 0.6 in either analysis.

ROC analysis showed fair to good discrimi-
nation for each marker (Table 6; Figure 2).
IL-18 had the highest individual AUC (0.81;
95% CI 0.72-0.9), with a cut-off of = 205
pg/mL giving a sensitivity and specificity of
77.5% each. MDA (AUC 0.8) and NPY (AUC
0.78) followed, while ZO-1 (0.75) and clau-
din-2 (0.74) performed least well.

The combined five-marker panel achieved
an AUC of 0.9 (95% CI 0.83-0.97), with 85%
sensitivity and 82.5% specificity at a pre-
dicted probability = 0.48. It outperformed
the best single markers, IL-18 (AAUC = 0.09,
95% CI 0.02-0.16; DeLong P = 0.012) and
MDA (AAUC = 0.1, 95% CI 0.03-0.17; P =
0.006). Bootstrap internal validation pro-
duced an optimism-corrected AUC of 0.88
(95% CI 0.8-0.95), indicating modest over-
fitting. A reduced panel restricted to NPY, IL-
18 and MDA yielded an AUC of 0.88 (95% CI
0.8-0.95), with 82.5% sensitivity and 80%
specificity, and did not differ significantly
from the five-marker panel (DeLong P =
0.284).

In the multivariable logistic regression
model adjusted for age, sex and plaque index,
NPY (adjusted OR 1.31 per 10 pg/mL; 95%
CI 1.02-1.69; P = 0.036), IL-18 (OR 1.08 per
10 pg/mL; 95% CI 1.02-1.15; P = 0.013) and
MDA (OR 1.46 per 5 ng/mL; 95% CI 1.09-
1.96; P = 0.012) remained independently as-
sociated with periodontitis (Table 7). ZO-1
showed a borderline association (OR 1.09;
95% CI 0.99-1.2; P = 0.079), and claudin-2
was not independently associated (P =
0.112). The model was well calibrated (Hos-
mer-Lemeshow P = 0.621), explained a sub-
stantial proportion of variance (Nagelkerke
R? = 0.53), correctly classified 81.3% of par-
ticipants and showed no relevant multicol-
linearity (maximum VIF = 2.18).

Discussion

This study examined, in the same individu-
als, salivary markers representing four inter-
connected processes in periodontitis: neural
signalling (NPY), inflammasome activity (IL-
18), oxidative injury (MDA) and epithelial
barrier disruption (ZO-1 and claudin-2). All
five markers were elevated in periodontitis,
increased with disease stage and correlated
with clinical severity. NPY, IL-18 and MDA
were independently associated with perio-
dontitis after adjustment for age, sex and
plaque load, whereas the two tight-junction
proteins were not. A combined panel dis-
criminated periodontitis from health better
than any single marker, and a reduced three-
marker panel performed comparably to the
full panel.

The NPY findings require careful interpreta-
tion. They agree with the only other salivary
report we identified, in which NPY was
higher in the saliva but not the serum of pa-
tients with periodontitis [15], but they differ
in direction from earlier GCF studies. Lundy
and colleagues reported higher NPY in GCF
from healthy sites than from periodontitis
sites and proposed a tonic, homeostatic role
for the peptide [13], and a later split-mouth
study likewise found lower GCF NPY in dis-
eased periodontal and peri-implant sites
[14]. Several factors may reconcile these ob-
servations with the salivary increase ob-
served here. First, GCF reflects the local
pocket environment, whereas whole saliva
integrates contributions from all periodontal
sites, the mucosa and the salivary glands,
which receive sympathetic innervation; a
glandular or mucosal increase in sympa-
thetic output could therefore raise salivary
NPY while local pocket concentrations fall,
and the absence of a parallel serum increase
in the earlier salivary study [15] points to a
local rather than systemic source. Second,
the protease-rich pocket environment may
degrade or truncate NPY locally, reducing
immunoreactive peptide in GCF without nec-
essarily affecting whole-mouth concentra-
tions to the same extent. Third, the earlier
studies used different assay platforms, in-
cluding radioimmunoassay, and antibody
specificity for intact and truncated NPY
forms may differ between methods. These
explanations remain hypotheses, and paired
GCF, saliva and plasma measurements would
be needed to resolve them.

Irrespective of its source, the persistence of
NPY as an independent correlate of perio-
dontitis suggests that it is not simply a pas-
sive marker of inflammatory burden. NPY
acting through Y1 receptors modulates mac-
rophage and T-cell function in both stimula-
tory and inhibitory directions [11,12], and in
the intestinal mucosa it amplifies tumor ne-
crosis factor-driven inflammation and



DEﬂtiSt[—l:l BZZ Ze Y, Interleukin-18, Tight Junction Proteins and Malondialdehyde as a Neuroimmune-Barrier Panel in Periodontitis

Vol 14, No 3 (2026) DOI 10.5195/d3000/2026.1625
increases epithelial permeability [16]. A
comparable interaction in periodontal tis-
sues would link sympathetic signaling to the
barrier changes observed in this study. The
correlation matrix supports this view: within
the patient group, NPY was only weakly re-
lated to IL-18 and MDA and was not signifi-
cantly correlated with either tight-junction
protein, indicating that it carries information
not captured by the inflammatory and bar-
rier markers. The present design cannot es-
tablish a mechanism, but it identifies NPY as
a candidate neuroimmune mediator worth
investigating in periodontitis.

The elevation of salivary IL-18 agrees with
previous reports of increased inflammasome
activity in the saliva and serum of patients
with periodontitis [24,42] and with a recent
meta-analysis showing higher IL-18 levels in
periodontitis across different biological flu-
ids [26]. IL-18 had the highest individual
AUC in our cohort and remained independ-
ent in the adjusted model. Beyond its role as
an inflammatory cytokine, IL-18 regulates
epithelial differentiation and barrier integ-
rity, and excessive epithelial IL-18 signaling
promotes barrier breakdown in experi-
mental colitis [27]. This dual role makes IL-
18 a plausible bridge between the inflamma-
tory and barrier components of the panel.
MDA showed the strongest correlations with
clinical parameters, particularly CAL, and the
largest adjusted odds ratio. This is consistent
with a meta-analysis showing elevated MDA
in patients with periodontitis [30] and with
the central role of neutrophil-derived reac-
tive oxygen species in periodontal tissue de-
struction [28,29]. Reactive oxygen species
disrupt tight-junction assembly and increase
paracellular permeability in epithelial and
endothelial cells [31], and oxidative stress is
also an upstream trigger for NLRP3 activa-
tion and IL-18 maturation [32]. Oxidative
stress may therefore link the inflammatory
and barrier components measured in this
study.

Both Z0-1 and claudin-2 were higher in the
saliva of patients with periodontitis and rose
significantly from moderate to severe dis-
ease. Because these are structural compo-
nents of the junctional complex, their in-
crease in saliva is best interpreted as release
or shedding of junctional proteins from dam-
aged or remodeling epithelium, not as a
strengthening of the barrier. This interpreta-
tion fits experimental evidence that perio-
dontal pathogens degrade junctional pro-
teins and alter their expression in gingival
epithelial cells [19-21]. The increase in clau-
din-2 is also biologically coherent: this pore-
forming claudin is induced by inflammatory
cytokines and mediates the leak pathway in
inflamed mucosa [22]. Neither protein, how-
ever, remained independently associated
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with periodontitis once NPY, IL-18, MDA and
plaque index were included in the model.
The simplest explanation is that salivary
tight-junction proteins reflect a downstream
consequence of inflammatory and oxidative
injury, so that their information overlaps
with that of the upstream markers. The in-
ter-biomarker correlations are consistent
with this: ZO-1 and claudin-2 formed the
most closely related pair, as expected for co-
released components of the same junctional
complex, and both showed weak-to-moder-
ate correlations with IL-18 and MDA, which
were themselves correlated. Adjustment for
plaque index may also have absorbed part of
their association, because plaque accumula-
tion is itself a driver of epithelial damage.
Taken together, the data are compatible with
a sequence in which neuroimmune and in-
flammasome activation, amplified by oxida-
tive stress, leads to disruption of the epithe-
lial barrier, although the cross-sectional de-
sign does not permit causal inference.

From a diagnostic perspective, the results
agree with systematic reviews showing that
combinations of salivary biomarkers outper-
form individual markers [8,9]. The five-
marker panel improved significantly on IL-
18 and MDA alone, and its optimism-cor-
rected AUC of 0.88 indicates that over-fitting
was limited. The reduced panel of NPY, IL-18
and MDA reached the same AUC with fewer
assays, which favors it for further evaluation
on grounds of cost and simplicity. Such a
panel would not replace clinical probing, but
it could support screening in settings where
full periodontal examination is not routinely
performed, or help monitor disease activity
over time. These possibilities require confir-
mation in independent cohorts before any
clinical use.

The main strengths of this study are the sim-
ultaneous measurement of neural, inflam-
matory, oxidative and barrier markers in the
same participants, the exclusion of smokers,
severity stratification according to the cur-
rent classification, and a statistical approach
that included DeLong comparisons, boot-
strap internal validation and multivariable
adjustment. Several limitations should also
be acknowledged. The cross-sectional design
precludes conclusions about temporal order
or causality. The study was conducted at a
single center with a modest sample; with 40
cases and eight variables in the adjusted
model, the number of events per variable
was below the commonly recommended
threshold [43], so the regression estimates
should be regarded as exploratory. The con-
trol group was defined by the absence of per-
iodontitis rather than by strict periodontal
health criteria, and some controls showed
BOP values above 10%, consistent with lo-
calized gingival inflammation. Correlations

with clinical parameters were computed
across the whole cohort, which combines
two clinically distinct groups and may inflate
the coefficients relative to within-group as-
sociations. Salivary concentrations were not
normalized to total protein, although secre-
tion rates adjusted for flow were examined
in a secondary analysis, and ELISA detection
of Z0-1 and claudin-2 in saliva cannot distin-
guish intact proteins from fragments. MDA
was measured by ELISA rather than by the
more widely used TBARS assay, which limits
direct numerical comparison with many ear-
lier periodontal studies. Finally, NPY was
measured only in saliva, so its tissue source
and relationship to GCF and circulating lev-
els could not be determined. Longitudinal
studies with paired sampling of saliva, GCF
and plasma, and with assessment of the re-
sponse to periodontal therapy, are needed to
confirm these findings.

Conclusion

Salivary NPY, IL-18, ZO-1, claudin-2 and
MDA were elevated in periodontitis and in-
creased with disease severity. NPY, IL-18
and MDA were independently associated
with periodontitis, whereas the salivary
tight-junction proteins appeared to reflect
downstream barrier injury. A combined neu-
roimmune-oxidative panel showed good
discriminatory ability, and a parsimonious
three-marker panel performed comparably
to the full panel. These findings support fur-
ther investigation of the neuroimmune-bar-
rier axis in periodontitis and external valida-
tion of the proposed salivary panel.
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Assessed for eligibility
(n=112)

- 3

Excluded (n =32)

Not meeting inclusion criteria (n = 5)
e <20 natural teeth (n=5)

Meeting exclusion criteria (n = 20)

e Current or former smokers (n = 4)

e Systemic disease/conditions affecting
biomarkers (n = 5)

e Pregnancy or lactation (n = 2)

e B-blocker / psychotropic medication use (n = 2)

e Antibiotic or anti-inflammatory use within
previous 3 months (n = 4)

e Periodontal treatment within previous 6 months (n = 3)

A

Declined to participate (n = 7)

\ 4
Included in the study
(n =80)
i ' }
Periodontitis-free controls Periodontitis cases
(n=40) (n=40)
|

v v

Stage Il Stage llI-IV
(n=20) (n=20)

v 4

All 80 saliva samples and clinical data were included in the final analysis
No participants or samples were excluded after enrolment

Figure 1. Flow of participants through the study according to the Standards for Reporting of Diagnostic Accuracy Stud-
ies 2015 guidelines. Of 112 individuals assessed for eligibility, 32 were excluded, and 80 participants were enrolled
(40 periodontitis-free controls and 40 patients with periodontitis, subdivided into Stage II and Stage I1I-1V according
to the 2017 World Workshop classification of periodontal diseases). No participant or sample was excluded after en-
rolment.
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AUC (95% ClI)

Individual biomarkers

IL-18 ——e— 0.81 (0.72-0.90)
MDA e 0.80 (0.70-0.89)
NPY ——e— 0.78 (0.68-0.88)
Z0-1 ——e— 0.75 (0.64-0.85)
Claudin-2 e 0.74 (0.63-0.84)

Combined panels

Five-marker panel

—<——  0.90 (0.83-0.97)

Three-marker panel (NPY + IL-18 + MDA) —— 0.88 (0.80-0.95)

T T T T 1
0.50 0.60 0.70 0.80 0.90 1.00
Area under the receiver operating characteristic curve

Figure 2. Diagnostic accuracy of individual salivary biomarkers and combined panels for discriminating periodontitis
from periodontitis-free controls. Points indicate the area under the receiver operating characteristic curve (AUC) and
horizontal bars its 95% confidence interval (CI); circles denote individual biomarkers and diamonds denote combined
panels derived from multivariable logistic regression. The dashed vertical line marks chance discrimination (AUC =
0.50). The five-marker panel had a bootstrap optimism-corrected AUC of 0.88. IL-18, interleukin-18; MDA, malondial-
dehyde; NPY, neuropeptide Y; Z0-1, zonula occludens-1.

Table 1. Demographic and clinical characteristics of the study participants.

Variable Controls (n = 40) Periodontitis (n = 40) P-value
Age (years) 39.2+71 40.0+7.6 0.62°
Sex, male/female (n) 20/20 20/20 1.000°
Plaque Index 0.61+0.24 1.73+0.41 <0.001°
Gingival Index 0.46 £0.2 1.67 +0.38 <0.001°
Bleeding on probing (%) 8 (5-12) 56 (45-68) <0.001°¢
Probing pocket depth (mm) 1.82+0.3 5.08 £ 0.81 <0.001°
Clinical attachment loss (mm) 0.2 (0-0.5) 4.3 (3.40-5.3) <0.001°¢
Unstimulated salivary flow rate 44 0 350.56) 0.39 (0.31-0.48) 0.071°
(mL/min)

Stage 11 /111 / IV (n) — 20/14/6 —

Data are presented as mean + SD or median (interquartile range). Current and former smokers were excluded. Controls
were defined by the absence of periodontitis (see Methods). Periodontitis stage was assigned according to the 2017
AAP/EFP classification.

3 Independent-samples t-test; ® Chi-square test; * Mann-Whitney U test.
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Table 2. Salivary neuroimmune, epithelial barrier and oxidative stress biomarkers in periodontitis-free controls and patients
with periodontitis.

Biomarker Controls (n = 40) Periodontitis (n = 40) fl(:;ige Direction P-value
NPY (pg/mL) 38 (27-52) 76 (54-105) 2 T <0.001
IL-18 (pg/mL) 145 (110-190) 275 (205-350) 1.9 T <0.001
Z0-1 (pg/mL) 95 (70-125) 165 (125-215) 1.74 T <0.001
Claudin-2 (pg/mL) 310 (225-430) 590 (415-810) 1.9 T <0.001
MDA (ng/mL) 21.8 (16.4-28.7) 43.6 (32.5-57.9) 2 T <0.001

Data are presented as median (interquartile range). P values were obtained with the Mann-Whitney U test. Fold change
= median of the periodontitis group / median of the healthy group. All NPY measurements fell within the quantifiable
range of the assay.

NPY, neuropeptide Y; IL-18, interleukin-18; ZO-1, zonula occludens-1; MDA, malondialdehyde.

Table 3. Salivary biomarker levels stratified by periodontitis severity.

P (Kruskal-

Biomarker Controls (n =40) Moderate (n=20) Severe (n=20) Wallis) P for trend
NPY (pg/mL) 38 (27-52) 63 (48-79)* 91 (70-118)*° <0.001 <0.001
IL-18 (pg/mL) 145 (110-190) 235(190-285)* 315 (260-390)** <0.001 <0.001
Z0-1 (pg/mL) 95 (70-125) 145 (115-180)* 188 (150-235)*" <0.001 <0.001
Claudin-2 (pg/mL) 310 (225-430) 505 (390-625)* 680 (520-860)*" <0.001 <0.001
MDA (ng/mL) 21.8 (16.4-28.7) 35.2(27.4-43.8)* Z;.g)ab (40.2- <0.001 <0.001

Data are presented as median (interquartile range). P for trend was calculated with the Jonckheere-Terpstra test. Pair-
wise comparisons were made with Dunn’s test with Bonferroni correction.

3P < 0.01 vs controls. ® P < 0.05 vs moderate (NPY, P = 0.021; IL-18, P = 0.012; ZO-1, P = 0.038; claudin-2, P = 0.027;
MDA, P = 0.008).

Moderate = Stage II; severe = Stage III-1V (2017 AAP/EFP classification).

Table 4. Spearman correlation coefficients between salivary biomarkers and clinical periodontal parameters (n = 80).

Biomarker PPD, r, CAL, 1, BOP, r,
NPY 0.42%%* 0.46%** 0.38%**
IL-18 0.47%%* 0.51%** 0.43%**
70-1 0.40%** 0.45%** 0.38%**
Claudin-2 0.38%** 0.43%** 0.36**

MDA 0.49%** 0.52%** 0.45%**

r,, Spearman’s rank correlation coefficient; PPD, probing pocket depth; CAL, clinical attachment loss; BOP, bleeding on
probing. Correlations were computed in the whole cohort (healthy and periodontitis participants combined).
**P<0.01; **P<0.001.
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Table 5. Spearman correlation matrix among the five salivary biomarkers in patients with periodontitis (n = 40).

Biomarker NPY IL-18 Z0-1 Claudin-2 MDA
NPY 1.0

IL-18 0.37* 1.0

70-1 0.29 0.42%* 1.0

Claudin-2 0.25 0.36* 0.51%** 1.0

MDA 0.34* 0.48** 0.39* 0.35* 1.0

Values are Spearman’s rank correlation coefficients (ry). * P < 0.05; ** P < 0.01; *** P < 0.001.

Table 6. Diagnostic performance of individual salivary biomarkers and combined panels for discriminating periodontitis from
periodontitis-free controls (ROC analysis).

Sensitivity Specificity Youden

. 0 : ,

Biomarker AUC (95% CI) Cut-off (%) (%) index P-value

NPY 8'22) (068~ 5 55 pg/mL. 75 72.5 0475  <0.001

IL-18 0.81(0.72-0.9) =205 pg/mL 77.5 77.5 0.55 <0.001

70-1 8;2) (0.64- > 125 pg/mL 72.5 70 0.425 <0.001

Claudin-2 0.74 (0.63- > 430 pg/mL 70 70 0.4 0.001
0.84)

MDA 0.8 (0.7-0.89) > 30.5 ng/mL 77.5 75 0.525 <0.001

Combined 5-marker Predicted prob-

panel 0.9 (0.83-0.97)t ability > 0.48 85 82.5 0.675 <0.001

Reduced 3-marker panel Predicted prob-

(NPY + IL-18 + MDA) 0.88 (0.8-0.95)% ability 82.5 80 0.625 <0.001

AUC, area under the receiver operating characteristic curve; CI, confidence interval. Optimal cut-offs were determined
by the maximum Youden index. Combined panels were built from the predicted probabilities of multivariable logistic
regression models.

T Outperformed IL-18 (AAUC = 0.09, 95% CI 0.02-0.16; DeLong P = 0.012) and MDA (AAUC = 0.10, 95% CI 0.03-0.17;
DeLong P = 0.006). Bootstrap optimism-corrected AUC (1000 resamples) = 0.88 (95% CI 0.80-0.95).

¥ Not significantly different from the 5-marker panel (DeLong P = 0.284).

Table 7. Multivariable logistic regression analysis of salivary biomarkers independently associated with periodontitis.

Variable B SE Adjusted OR 95% CI P-value
NPY (per 10 pg/mL) 0.27 0.129 1.31 1.02-1.69 0.036
IL-18 (per 10 pg/mL) 0.077 0.031 1.08 1.02-1.15 0.013
Z0-1 (per 10 pg/mL) 0.086 0.049 1.09 0.99-1.2 0.079
Claudin-2 (per 50 pg/mL) 0.113 0.071 1.12 0.97-1.29 0.112
MDA (per 5 ng/mL) 0.378 0.151 1.46 1.09-1.96 0.012

B, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval. All five biomarkers were entered
simultaneously; the model was adjusted for age, sex and plaque index.

Model fit: Hosmer-Lemeshow x? = 6.24, df = 8, P = 0.621; Nagelkerke R? = 0.53; overall classification accuracy = 81.3%;
maximum VIF = 2.18 (IL-18). Bold values indicate P < 0.05.
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Supplementary Table S1. Spearman correlation matrix among the five salivary biomarkers in all participants (n = 80).

Biomarker NPY IL-18 70-1 Claudin-2 MDA
NPY 1.0

IL-18 0.44*** 1.0

Z0-1 0.36** 0.49%** 1.0

Claudin-2 0.31** 0.42%** 0.58%** 1.0

MDA 0.41%** 0.55%** 0.46%** 0.43%** 1.0

Values are Spearman’s rank correlation coefficients (ry). ** P < 0.01; *** P < 0.001. Coefficients in the whole cohort
include between-group variation and are therefore larger than those within the periodontitis group (Table 5).

Supplementary Table S2. Salivary biomarker secretion rates (concentration x flow rate) in periodontitis-free controls and
patients with periodontitis.

Biomarker Controls (n = 40) Periodontitis (n = 40) P-value
NPY (pg/min) 17.6 (12.1-24.8) 29.4 (20.3-41.7) <0.001
IL-18 (pg/min) 66.3 (49.2-88.5) 106.8 (78.6-142.7) <0.001
Z0-1 (pg/min) 43.5 (31.1-59.7) 64.7 (47.6-86.9) 0.002

Claudin-2 (pg/min) 141.8 (102.6-198.4) 2289 (164.3-317.6) <0.001
MDA (ng/min) 10 (7.3-13.8) 17.1 (12.2-23.6) <0.001

Data are presented as median (interquartile range). Secretion rate = salivary concentration x unstimulated salivary
flow rate (mL/min). P values were obtained with the Mann-Whitney U test.



