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Abstract

Background. Gingival inflammation has been increasingly linked to metabolic and
endocrine disorders, such as polycystic ovary syndrome (PCOS). This connection may
involve immune system activation and cellular stress mechanisms, particularly the
unfolded protein response (UPR), which requlates endoplasmic reticulum (ER) stress.

Objectives. The aim of the study was to investigate whether gingivitis modulates
UPR activation in peripheral blood mononuclear cells (PBMCs) of women with PCOS.

Material and methods. In this case—control study, female subjects were
divided into 2 groups: a control group (n = 48); and a PCOS group (n = 68), which
included 24 individuals with gingivitis (PCOS+). Anthropometric, biochemical and
periodontal parameters were determined, namely probing pocket depth (PPD), dlini-
cal attachment level (CAL), bleeding on probing (BOP), and plague index. Markers
of oxidative stress, including total superoxide and glutathione peroxidase 1 (GPx1),
and UPR mediators, such as glucose-requlated protein 78 (GRP78), activating tran-
scription factor 6 (ATF6), phosphorylated eukaryotic initiation factor 2 alpha subunit
(p-elF2a), and C/EBP homologous protein (CHOP), were evaluated in PBMCs.

Results. Polycystic ovary syndrome was associated with an increased plaque index
and significantly higher BOP in PCOS+-. Increased superoxide and reduced GPx1
levels were observed in women with PCOS, with no significant differences between
subgroups. Gingivitis in PCOS was correlated with the activation of specific UPR path-
ways; higher levels of p-elF2a and CHOP and lower GRP78 levels were detected in
PCOS+, while ATF6 was increased in the overall PCOS group. Moreover, BOP demon-
strated a direct correlation with p-elF2aand the plague index.

Conclusions. The association of leukocyte ER stress responses in PCOS with gingival
inflammation underscores the impact of periodontal disease on modulating sys-
temic cellular stress in the context of multifactorial metabolic disorders.

Keywords: endoplasmic reticulum stress, gingivitis, polycystic ovary syndrome,
unfolded protein response, oxidative stress
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Highlights

M. Pelechd-Salvador et al. Gingivitis modulates ER stress in PCOS

* Gingival inflammation influences systemic immune responses and may exacerbate metabolic disturbances in women

with polycystic ovary syndrome (PCOS).

* Periodontal disease is associated with increased oxidative stress in individuals with endocrine—metabolic dysfunction.
* Gingivitis modulates cellular stress pathways related to endoplasmic reticulum function in patients with PCOS.

* Bleeding on probing may serve as a clinical indicator of systemic inflammatory stress in affected patients.

* Integrating periodontal assessment into routine care may enhance prevention and management strategies for women

with metabolic and reproductive disorders.

Introduction

Polycystic ovary syndrome (PCOS) is a hormonal and
metabolic disorder that manifests in reproductive-age
women and is characterized by hyperandrogenemia,
anovulation and multiple ovarian cysts, often causing
infertility, irregular menstrual cycles, acne, and hirsutism.!
The condition is also linked to insulin resistance (IR),
inflammation and oxidative stress.>~* Recent evidence
suggests that women with PCOS are more prone to peri-
odontal disease (PD), such as gingivitis and periodonti-
tis,>® probably due to the link between IR and periodontal
inflammation.” Periodontal disease has also been associ-
ated with adverse reproductive outcomes, including pre-
term birth and low birth weight, further highlighting its
relevance to women’s reproductive health.®

Gingivitis may arise from a bacterial imbalance within
dental plaque (dysbiosis).” When left untreated, gingivitis
can progress to periodontitis, a condition characterized
by persistent inflammation of the connective tissues sup-
porting the teeth.!®! This ongoing dysbiosis facilitates
bacterial spread into the periodontal pockets, leading to
leukocyte recruitment and increased local oxidative stress.
In advanced stages, periodontitis culminates in irrevers-
ible tissue damage and potential tooth loss.!! Beyond oral
consequences, both gingivitis and periodontitis have been
closely associated with increased cardiovascular risk, which
underscores their broader systemic health implications.?

While oxidative stress, IR and inflammation are com-
mon to both PCOS and PD, emerging research highlights
endoplasmic reticulum (ER) stress as another shared com-
ponent.!* Endoplasmic reticulum stress occurs when
misfolded proteins accumulate, activating the adaptive
unfolded protein response (UPR).'® Initially, the chaperone
protein GRP78 (glucose-regulated protein 78) associates
with unfolded proteins, thereby promoting the activation
of 3 ER-localized transmembrane sensors: PKR-like
endoplasmic reticulum kinase (PERK); inositol-requiring
enzyme 1 (IRE1); and activating transcription factor 6
(ATF6). The unfolded protein response aims to restore ER
homeostasis. However, prolonged ER stress can ultimately
result in apoptosis through the overexpression of the tran-
scription factor C/EBP homologous protein (CHOP).!6

Extensive evidence supports a bidirectional relation-
ship between oxidative stress and ER stress.l” We have
previously described increased markers of ER and oxida-
tive stress in leukocytes of women with PCOS, particu-
larly those with metabolic syndrome.}* Endoplasmic
reticulum stress has also been observed in granulosa cells
in PCOS!#-2° and in periodontal tissues, including human
periodontal ligament fibroblasts?! and gingival samples.??

Taken together, these findings indicate a potential link
between PCOS, PD and ER stress, although the under-
lying molecular mechanisms are poorly understood.
Therefore, the aim of the present study was to determine
whether gingivitis can modulate ER stress in leukocytes
from women with PCOS, as these cells are key indicators
of systemic metabolic and inflammatory features.?

Material and methods
Study design

This case—control study was conducted at University
Hospital Dr. Peset (Valencia, Spain) between October
2019 and May 2022. The study population included women
aged 18-45 years. Specifically, 48 healthy individuals
(controls) and 68 patients with PCOS were enrolled.
Of these patients, 44 subjects did not have PD (PCOS-),
while 24 had gingivitis (PCOS+). The eligibility criteria
encompassed female participants aged >18 years, recruited
either as healthy controls or as patients with PCOS,
according to the criteria detailed below. The participants
included in the control group were clinically healthy
women without a diagnosis of PCOS or other systemic
conditions. They were recruited during routine check-
ups in the Departments of Endocrinology, Nutrition, and
Gynecology of University Hospital Dr. Peset. Patients
with PCOS were identified according to the Rotterdam
criteria? and were enrolled during routine appointments
in the abovementioned departments. Gingivitis was
diagnosed when bleeding on probing (BOP) was
>10%, according to current periodontal guidelines.?®
Participants in the control group were matched with their
PCOS counterparts based on the body mass index (BMI)
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and age, as these parameters have been demonstrated to
contribute to both PCOS-related metabolic alterations
and periodontal inflammation. In this way, we have taken
measure to account for potentially confounding effects.

The exclusion criteria for all participants included the
presence of systemic diseases or conditions that could
affect periodontal health, such as diabetes or autoimmune
disorders, the use of medications known to influence
periodontal or hormonal status, pregnancy or lactation,
and a history of periodontal treatment within the previ-
ous 6 months. All participants provided written informed
consent. The study was conducted in accordance with the
ethical principles for medical research involving human
subjects, as outlined in the Declaration of Helsinki. It was
approved by the Ethics Committee of University Hospital
Dr. Peset (study protocol ref. No. 95/19). All participants
who met the eligibility criteria completed the study,
resulting in no recorded dropouts.

Clinical examination

The patients completed a health questionnaire, including
items adapted from the World Health Organization (WHO)
Oral Health Questionnaire for Adults.?® Information
regarding medication use, medical conditions, alcohol and
tobacco habits, and oral hygiene practices (teeth brushing fre-
quency, use of interdental hygiene aids, and time since the
last dental visit) was recorded. In addition, blood pressure
and anthropometric data were noted. A peripheral venous
blood sample was collected after 12 h of fasting, during the
follicular phase of the menstrual cycle or bleeding depriva-
tion. The biochemical parameters and reproductive hor-
mone profiles were determined during the hospital’s clinical
analysis according to the standardized protocols.

A single clinician (CFMA) performed a full periodontal
exam in accordance with the consensus criteria.® Using
a periodontal chart, all teeth were probed at 6 sites per
tooth (right permanent maxillary first molar, right per-
manent central incisor, left permanent first premolar, left
permanent mandibular first molar, right permanent man-
dibular central incisor, and right permanent mandibular
first premolar) with a Williams-type millimeter probe.
Bleeding on probing, clinical attachment level (CAL),
probing pocket depth (PPD), and plaque index (using the
Silness and Loe index) were assessed.?” The plaque index
was determined by measuring the Ramfjord index teeth.?®

Flow cytometry

After erythrocyte lysis using a red blood cell lysis buffer
(Miltenyi Biotech, Bergisch Gladbach, Germany), a 200-pL
blood sample was incubated with 5 puL of APC-CD45
antibody (BD Biosciences, San Jose, USA). Total
superoxide production was assessed using 1-mM dihydro-
ethidium (dHE) (Thermo Fisher Scientific, Waltham,
USA). Fluorescence signals were measured using a flow

cytometer (BD Accuri™ C6 Plus Flow Cytometer; BD
Biosciences), and 10,000 events were recorded and ana-
lyzed for each experiment.

Isolation of PBMCs and protein expression
analysis

Peripheral blood mononuclear cells (PBMCs) were isolated
using the MACSprep™ leukocyte isolation kit (Milteny
Biotech) according to the manufacturer’s instructions.
The cells were lysed in a radio-immunoprecipitation assay
(RIPA) buffer supplemented with protease and phosphatase
inhibitors. Protein concentration was determined using
a bicinchoninic acid (BCA) assay (all products were
obtained from Thermo Fisher Scientific). Equal amounts
of protein (25 pg) were separated by sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto nitrocellulose membranes. The target
proteins were detected by incubating the membranes with
primary antibodies against ATF6, GRP78, phosphorylated
eukaryotic initiation factor 2 alpha subunit (p-elF2a),
CHOP, IRE1q, glutathione peroxidase 1 (GPx1), and actin.
This was followed by incubation with the corresponding
secondary antibodies (Supplementary File 2 (available on
request from the corresponding author)). The detection
of chemiluminescent signals was accomplished through
the use of ECL Plus™ reagent (GE Healthcare, Chicago,
USA). Signal visualization and densitometric analysis
were performed using the Fusion FX5 Acquisition
System and BiolD software, v. 15.03a (Vilbert Lourmat,
Marne-la-Vallée, France).

Statistical analysis

The present study was designed to achieve a power of 80%
and an o risk of 0.05 to detect 30-unit differences in protein
expression by western blot, assuming a standard deviation
of 30 units. A minimum of 16 subjects per group were con-
sidered (control vs. PCOS and PCOS- vs. PCOS+). The
assessment of normality was conducted through the use
of the Kolmogorov—Smirnov test or the Shapiro—Wilk test.
Parametric and non-parametric data was analyzed using the
two-sample Student’s ¢-test or the Mann—Whitney U test,
respectively. Oral hygiene variables were evaluated as cat-
egorical data using the Kruskal-Wallis test or the Pearson’s
x* test. To identify factors associated with gingivitis, multi-
variable linear regression analyses were performed for con-
tinuous dependent variables and binary logistic regression
analyses for binary outcomes. The evaluation of correla-
tions was conducted by employing Pearson’s or Spearman’s
coefficients. The differences were considered significant at
p < 0.05, with a 95% confidence interval (95% CI). The data
analysis was conducted using GraphPad Prism software,
v. 9.0.2 (GraphPad Software Inc., San Diego, USA) and the
IBM SPSS Statistics for Windows software, v. 22.0 (IBM
Corp., Armonk, USA).



Table 1. Comparison of anthropometric characteristics, biochemical
parameters and pharmacological treatment in the study sample

Variable i 855 -value
(n=48) (n=68) |P

Age 289463 279458 0375
[years]
BMI
+ +
g/ 249438 2544511 0272
Waist 715(67.1,778) 782(700,830)  0.006*
[cm]
2iF 111 +14 111 +12 0984
[mm Hg]
DBP 76 +8 79410 0121
[mm Hg]
Glucose
+ +
o/l 88 48 88 +8 0747
Insulin .
(LVmL] 6.71+239 968 +6.81 0002
HOMA-IR 146 +0.57 2044142 0004*
TC
+ + *
ma/d] 179427 192 +36 0039
HDLc
+ +
Mgyl 65 +13 61+16 0.185
LDLc
+ + *
mardL] 101 +23 113432 0044
Triglycerides v
ki 63(43,70)  89(535,120)  0.001
hsCRP .
o] 081(034,310) 316(066,532)  0.021
C3c .
e 105 +17 121421 <0001
RBP4 .
mg/dL] 176 +0.42 2194055 <0001
Esuizelio 86 +73 52 453 0017+
[pg/mL]
Testosterone 038140238 041640161 0367
[ng/dL]
Anelosisredons 299+133 3144128 0563
[ng/mL]
DHEAS
231 +101 277 4121 0056
[ug/dL]
17-OHP
+ + &
el 196+1.92 1224146 0035
SHBG
85 +70 147 +145 0.003*
[ug/dL]
FAI 198+1.18 2504340 0257
e 9841, 5043, .
Prolactin 228+118 1994113 0234
[ng/dL] St S :
cati ol 5(4.1) 33(289) <0001
M(eo;j;catlon, contraceptives ’ ’ ’
n
§ metformin 0(0.0) 13(114) <0.001*

Data is presented as mean +standard deviation (M +5D), median and
interquartile range (Me (IQR)), or frequency (percentage) (n (%)). Between-
group comparisons were performed using the two-sample Student’s t-test or
the Mann-Whitney U test, as appropriate (* statistically significant, p < 0.05).
17-0OHP -17-hydroxyprogesterone; BMI — body mass index;

C3c - complement component ¢3; DBP — diastolic blood pressure;

DHEAS - dehydroepiandrosterone sulfate; FAl - free androgen index;

HDLc - high-density lipoprotein cholesterol; HOMA-IR — homeostasis model
assessment of insulin resistance; hsCRP — high sensitive C-reactive protein;
LDLc - low-density lipoprotein cholesterol; PCOS — polycystic ovary syndrome;
RBP4 - retinol binding protein 4; SBP - systolic blood pressure; SHBG — sex
hormone-binding globulin; TC - total cholesterol.
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Results

A total of 48 healthy control females and 68 women
with PCOS were recruited for the study, including 44 sub-
jects without PD (PCOS-) and 24 individuals with gingi-
vitis (PCOS+). No significant differences were observed
in anthropometric or biochemical parameters between
the PCOS- and PCOS+ groups, as reported by Marquez-
Arrico et al.?? Compared to controls, women with PCOS
showed higher waist circumference, as well as increased
levels of insulin, homeostasis model assessment of insu-
lin resistance (HOMA-IR), total cholesterol, low-density
lipoprotein cholesterol (LDLc), and triglycerides, while
glucose and high-density lipoprotein cholesterol (HDLc)
levels remained similar (Table 1). Elevated levels of
inflammatory indicators, such as high sensitive C-reactive
protein (hsCRP), complement component c3 (C3c) and
retinol binding protein 4 (RBP4), as well as alterations in
reproductive hormones were consistent with the patho-
physiology of PCOS. Oral contraceptives and metformin
had been prescribed to many of the PCOS patients as part
of their routine treatment.

The study population had generally good oral hygiene
habits (Table 2), with over 80% of participants in both the
control and PCOS groups reporting brushing their teeth at
least twice per day, with no statistically significant differ-
ences observed between the groups. Similarly, there were
no significant differences in the use of interdental hygiene
products, such as dental floss and interdental brushes, or
mouthwash. The data on the frequency of dental visits
and previous periodontal treatment was also collected,
showing no differences between the groups.

Regarding periodontal parameters, no significant differ-
ences in PPD or CAL were detected between the control
and PCOS groups (Fig. 1A-D). Bleeding on probing was
significantly higher in the whole PCOS group compared
to controls (Fig. 1E). However, no significant differences
in BOP were observed between the control group and

Table 2. Oral hygiene practices of the study sample

less than
once/day 2(5.6) 0000 3(12.5)
Frequency of 0313
toothbrushing once/day 1(2.8) 6(13.6) 1(4.2) ’
>2times/day 33(91.7) 38(86.4) 20(83.3)
T yes 17(47.2) 17(386) 13(54.2) 0604
hygiene products no 19(528) 27(614) 11458
<1 year 20 (55.6) 28(63.6) 15(62.5)
Time since the
last dental visit 1-5years  13(36.1) 13(29.5) 6(25.0) 0.826
>5 years 3(8.3) 3(6.8) 3(125)

Data is presented as n (%). Group differences were assessed using the
Kruskal-Wallis test for ordinal variables and Pearson'’s x* test for the
categorical variables.

PCOS— - polycystic ovary syndrome without gingivitis; PCOS+ — polycystic
ovary syndrome with gingivitis.
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the PCOS- subgroup (1.935 +2.336 vs. 3.211 +2.644, respec-
tively; p > 0.05), suggesting that the increased BOP in the
overall PCOS group was driven primarily by the presence
of gingivitis (PCOS+, Fig. 1F). All participants exhibited

A B
4+ 4
3 3 ns
T T I
Igl 24 E- 24
[a) [a) %
o o
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14 14
0 T T o—T
control PCOS all PCOS- PCOS+
C D
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control PCOS all
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° T 2
£ =
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o o
K] S 14
[-3 o aa
i i
control PCOS all PCOS- PCOS+

Fig. 1. Periodontal parameters in the study population according to the
polycystic ovary syndrome (PCOS) status and the presence or absence of
gingivitis

Probing pocket depth (PPD) (A, B), clinical attachment level (CAL) (C, D),
bleeding on probing (BOP) (E, F), and plaque index (G, H).

Data is presented as box-and-whisker plots. Between-group comparisons
were performed using the two-sample Student’s t-test or the Mann-Whitney
U test, as appropriate.

PCOS— - patients with polycystic ovary syndrome without gingivitis;
PCOS+ - patients with polycystic ovary syndrome with gingivitis;

PCOS all - all patients with polycystic ovary syndrome; ns — not significant;
** p < 0.01;*** p < 0.0001.

very low levels of plaque, with average plaque index scores
under 1, below the threshold commonly associated with
clinical gingivitis in the general population. However, the
plaque index was significantly higher in the PCOS group
(Fig. 1G), even though oral hygiene practices were similar
to those of controls (Table 2). Moreover, within the PCOS
group, the plaque index did not differ according to gingi-
vitis status (Fig. 1H), suggesting that the increased plaque
accumulation was a result of the PCOS pathology itself
rather than oral hygiene practices.

In order to determine the factors independently associated
with gingivitis, 2 binary logistic regression models were
constructed using the enter method (Table 3). Model 1
demonstrated that both PCOS status and poor oral
hygiene were independently associated with the presence
of gingivitis. Specifically, participants diagnosed with
PCOS had a significantly higher risk of gingivitis in com-
parison to the control group (p < 0.001). Moreover, the
practice of brushing once per day or less was associated
with an increased risk (p = 0.008). In model 2, which
assessed the influence of pharmacological treatments, only
PCOS status was significantly associated with gingivitis
(p = 0.001). Neither metformin use nor the use of oral
contraceptives showed a significant association with gin-
gival inflammation (p > 0.05). These findings support the
role of PCOS as an independent risk factor for gingival
inflammation, even after taking into account oral hygiene
habits and medication use.

Considering the biological correlation between ER
stress, oxidative stress, and both PCOS and PD, we
proceeded to analyze relevant molecular markers. The
results revealed elevated levels of superoxide (Fig. 2A) and
reduced GPx1 expression (Fig. 2C) in women diagnosed
with PCOS, with no observed differences between the
PCOS- and PCOS+ groups (Fig. 2B,D).

The UPR-related proteins exhibited elevated lev-
els of ATF6 and p-elF2a in PCOS (Fig. 3C,G), with no

Table 3. Logistic regression analysis models evaluating polycystic ovary
syndrome (PCOS) status, oral hygiene and medication use as independent
determinants of gingivitis

Model | Dependent Independent

No. variable variable Of 95%Cl | pvalue
oral hygiene (<1/day) 11.50 1.91-69.60 0.008*
1 BOP oral hygiene (=2/day) 092 025-344 0904
PCOS 578 227-1470 0.000*
PCOS 489 1.87-12.70 0.001*
5 BOP use of metformin 066 0.28-1.54 0336
coifaig:vles 167 047-600 0430

Two separate binary logistic regression models were constructed using the
enter method. In both models, the dependent variable was the presence
of gingivitis, defined as bleeding on probing (BOP) >10%. PCOS status and
medication use were included as binary variables and coded as yes (1) or
no (2). Brushing frequency was categorized as follows: 1 = <1 brushing per
day (poor hygiene); 2 = >2 brushings per day (adequate hygiene).

Cl - confidence interval; OR — odds ratio; * statistically significant (p < 0.05).
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Fig. 2. Oxidative stress parameters in peripheral blood mononuclear cells
(PBMCs) from women with polycystic ovary syndrome (PCOS) with and
without gingivitis and from control subjects

Median intensity of dihydroethidium (dHE) fluorescence (A, B) and
glutathione peroxidase 1 (GPx1) protein expression (C, D), analyzed

for controls vs. all patients with PCOS (A, C) and for PCOS— vs. PCOS+
subgroups (B, D), with representative western blot images.

Data is presented as box-and-whisker plots. Between-group comparisons
were performed using the two-sample Student’s t-test or the Mann-Whitney
U test, as appropriate.

RFU - relative fluorescence units; ** p < 0.01; *** p < 0.001.

Actin h 45 kDa

changes observed in GRP78 or IREla (Fig. 3A,E), indi-
cating selective activation of the UPR pathways. To assess
the activation of UPR downstream proapoptotic path-
ways, CHOP levels were measured, which were reduced
overall in women with PCOS (Fig. 3I). However, when
the periodontal status was considered, levels of p-elF2a
and CHOP were higher (Fig. 3H,]), and GRP78 decreased
(Fig. 3B) in women with both PCOS and gingivitis, sug-
gesting proapoptotic PERK pathway activation. A sub-
analysis, with adjustments made for medication (metfor-
min, oral contraceptives), revealed no significant impact
on ER stress markers when comparing the control group
with the PCOS group, or the PCOS- group with the
PCOS+ group.

The correlation analysis revealed that BOP was posi-
tively correlated with triglycerides (r = 0.215, p < 0.05),
HOMA-IR (r = 0314, p < 0.001) and plaque index
(r = 0.393, p < 0.0001), and negatively with HDLc
(r=-0.261, p < 0.01) (Fig. 4). Additionally, BOP was cor-
related with p-elF2a (r = 0.389, p < 0.01), and plaque
index was associated with ATF6 (r = 0.293, p < 0.05), sug-
gesting a link between PD and ER stress in PCOS. The
multivariable analysis identified p-elF2a ( = 0.335), tri-
glycerides (B = 0.260) and plaque index (B = 0.254) as
independent predictors of BOP, explaining 25.7% of its
variance (Table 4).
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Fig. 3. Unfolded protein response (UPR) markers in peripheral blood
mononuclear cells (PBMCs) from women with polycystic ovary syndrome
(PCOS) with and without gingivitis and from control subjects

Relative protein expression of glucose-regulated protein 78 (GRP78) (A, B),
activating transcription factor 6 (ATF6) (C, D), inositol-requiring enzyme
1a (IRE1a) (E, F), phosphorylated eukaryotic initiation factor 2 alpha
subunit (p-elF2a) (G, H), and C/EBP homologous protein (CHOP) (1, J), with
representative western blot images (K, L).
Data is presented as box-and-whisker plots. Between-group comparisons
were performed using the two-sample Student’s t-test or the Mann-Whitney
U test, as appropriate.

*p <005 % p < 001;**p<000]1.
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Fig. 4. Heatmap of Spearman’s correlation coefficients depicting
relationships between biochemical parameters, periodontal parameters,
unfolded protein response (UPR)-related protein expression, and oxidative
stress markers

Negative correlations are shown in blue and positive correlations

in red, with color intensity reflecting correlation strength.

17-OHP - 17-hydroxyprogesterone; C3c — complement component ¢3;
HDLc - high-density lipoprotein cholesterol; HOMA-IR — homeostatic
model assessment for insulin resistance index; hsCRP — high-sensitive
C-reactive protein; LDLc — low-density lipoprotein cholesterol;

RBP4 - retinol binding protein 4; SHBG — sex hormone-binding globulin;
*p < 0.05;* p < 001; ** p < 0.001; *** p < 0.0001.

Table 4. Univariate linear regression analyses of biochemical parameters,
markers of oxidative stress and unfolded protein response (UPR)-related
proteins

- - - - 0257  <0.001*

p-elF2a 0056 0.020 0335 = 0.007*

PoP triglycerides 0.036  0.017 0.260 - 0.039%
plagueindex 2665 1.275 0.254 - 0.042%

p-elF2a - phosphorylated eukaryotic initiation factor 2 alpha subunit;
* statistically significant (p < 0.05).

Discussion

The present findings confirm the presence of oxidative
stress and UPR activation via the ATF6 branch in circulat-
ing leukocytes of women with PCOS, and offer novel
insights into the interplay between PD and metabolic con-
ditions. Gingivitis modulates the UPR by promoting the
activation of CHOP and elF2a, fostering a pro-apoptotic
environment that is independently associated with BOP.
In contrast, the absence of gingivitis favors a cytopro-
tective response that is mediated by elevated chaperone
GRP78 levels.

Polycystic ovary syndrome is characterized by metabolic
disturbances, including altered glucose/lipid metabolism,

hormonal imbalance, oxidative stress, and inflamma-
tion.2~* In this study, we report elevated insulin, HOMA-IR,
LDLc, triglycerides, and altered sex hormone-binding
globulin (SHBG), estradiol and 17-hydroxyprogesterone
(17-OHP) levels, all consistent with the pathophysiology
of PCOS.

Oral health is increasingly recognized as an essential
component of women’s general health, with implications
for various reproductive stages.’* In this sense, emerging
evidence links PCOS to a higher prevalence of PD.%3!
Although dental plaque is the main etiological factor for gin-
givitis, the results of this study support the interpretation
that PCOS is an independent risk factor for periodontal
inflammation. In the multivariable analyses, PCOS status
was consistently associated with a higher risk of gingival
inflammation, even after adjusting for oral hygiene hab-
its and medication. Despite plaque levels being similar
across the groups, women with PCOS exhibited greater
gingival inflammation, indicating a heightened inflam-
matory response that cannot be attributed to local fac-
tors or medication effects. This interpretation aligns with
previous evidence suggesting that PCOS can exacerbate
periodontal inflammation independently of plaque levels,
likely through systemic mechanisms involving oxidative
stress and immune dysregulation.?’

In order to further explore potential shared mecha-
nisms underlying PCOS and PD, an assessment of mark-
ers of oxidative stress and ER stress was conducted.
Oxidative stress has been identified as a key factor in
the systemic impact of PD and comorbidities such as
cardiovascular disease, metabolic syndrome and diabe-
tes.323 Indeed, the interplay between oxidative stress and
inflammation is a central pathogenic mechanism across
a broad spectrum of diseases ranging from diabetic
nephropathy* to skin cancer.®® Thus, it can be hypothesized
that any interaction between PD and PCOS is influenced
by oxidative stress. Only 3 studies have analyzed systemic
oxidative stress in women diagnosed with both PCOS and
PD. Saglam et al. reported impaired redox status in serum
and saliva, as indicated by elevated levels of 8-hydroxy-2’-
deoxyguanosine and malondialdehyde, and reduced total
antioxidant capacity in subjects with PCOS and peri-
odontitis.*® Dursun et al. observed elevated myeloperoxi-
dase and nitric oxide levels in gingival crevicular fluid.®
Our group reported high myeloperoxidase levels and
reduced glutathione levels in women with PCOS, with no
gingivitis-related differences.?

In the present study, we have evaluated intracellular
oxidative stress in PBMCs, which serve as systemic sen-
sors of metabolic disease,®” and have found increased
intracellular superoxide production and reduced GPx1
levels in women with PCOS, both of which are consis-
tent with serum markers of oxidative stress. However,
no differences emerged when gingivitis was considered,
possibly due to its early, reversible nature. In fact, prior
research has demonstrated that severe periodontitis is



associated with increased intracellular superoxide lev-
els, though no differences were observed in mild or
moderate cases.®

Oxidative stress and ER stress are closely interconnected;
the accumulation of reactive oxygen species (ROS)
intensifies protein misfolding in the ER, further exacer-
bating oxidative damage and triggering inflammatory
responses.®* Our findings demonstrated elevated levels
of ATF6 and p-elF2a in PBMCs of women with PCOS.
Moreover, the correlation between superoxide and hyper-
lipidemia, as well as elevated C3c and SHBG levels, was
identified. Concurrently, the association between dimin-
ished GPx1 and GRP78 and CHOP downregulation was
determined. These findings suggest that redox imbalance
in PCOS may induce UPR activation. Our data align with
reports of ER stress activation in granulosa and cumulus
cells of women with PCOS.184041

Endoplasmic reticulum stress has also been observed in
PD models.2*?2%2 For instance, periodontal ligament stem
cells from patients with periodontitis exhibited elevated
UPR markers.* Moreover, increased UPR gene expression
was noted in periodontal ligament fibroblasts exposed
to lipopolysaccharide.?> However, no previous study has
evaluated ER stress in leukocytes of women with both
PCOS and gingivitis. In the current study, we observed
the activation of pro-apoptotic mechanisms triggered by
ER stress through PERK pathway activation, as increased
p-elF2a levels induce ATF4 translation, thereby promot-
ing CHOP expression.'6* Previous studies have reported
the upregulation of apoptosis via the PERK/elF2a/ATF4/
CHOP signal pathway in human periodontal ligament
cells derived from patients with periodontitis.* Accord-
ingly, our findings suggest that the upregulation of CHOP
and p-elF2a may contribute to a pro-apoptotic profile in
the PBMCs of women with PCOS and gingivitis. Con-
versely, an augmented GRP78 pro-survival signal in the
absence of gingivitis may indicate a compensatory mecha-
nism.* Interestingly, both clinical indicators of gingivitis,
namely BOP and plaque index, were positively associated
with p-elF2a and ATF®6, respectively. In contrast, GRP78,
ATF6 and CHOP were correlated with systemic clinical
parameters. These findings suggest that UPR activation
in women with PCOS is primarily driven by underlying
metabolic dysfunction and hormonal imbalance, and fur-
ther exacerbated by the presence of PD.

To the best of our knowledge, this is the first study to
examine systemic UPR activation in the context of gin-
givitis, a condition that remains largely understudied.
Given the limited literature on the topic, we referenced
studies on more advanced stages of PD to guide the
interpretation of the results. Nonetheless, our conclusions
are strengthened by the high methodological rigor of the
study, including comprehensive periodontal assessments
by an experienced dentist, the use of validated oral health
questionnaires, and robust statistical analyses accounting
for key confounders.
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Limitations

This study has several limitations. First, the number
of patients with gingivitis was relatively small, despite
a prior sample size calculation, and the cross-sectional
design precludes causal inference. Second, the hospital-
based setting may introduce some selection bias; how-
ever, all diagnoses were made in a tertiary care following
rigorous clinical and diagnostic standards to ensure con-
sistency and reliability. Additionally, although PCOS pheno-
types may differ in their metabolic and inflammatory
profiles, we did not stratify participants by phenotype
because of limited access to standardized clinical assess-
ments and reliance on routine androgen assays. The sam-
ple size further restricted statistical power for subgroup
analyses. Collectively, these limitations highlight the need
for future studies with larger cohorts and detailed pheno-

typing.

Conclusions

Overall, our findings elucidate the role of gingivi-
tis in aggravating metabolic dysfunction in women
with PCOS and highlight shared ER/oxidative stress
pathways. These insights underscore the importance
of early periodontal care in the management of meta-
bolic disorders and encourage future interdisciplinary
research to further clarify the underlying biological
mechanisms.

Trial registration

This observational study was registered at Clinical Trials.gov
(registration No. NCT06184412; https://clinicaltrials.
gov/study/NCT06184412).

Ethics approval and consent to participate

All participants provided written informed consent.
The study was conducted in accordance with the ethi-
cal principles for medical research involving human
subjects as outlined in the Declaration of Helsinki and
was approved by the Ethics Committee of University
Hospital Dr. Peset, Valencia, Spain (study protocol ref.
No. 95/19).

Data availability
The datasets generated and/or analyzed during the cur-

rent study are available from the corresponding author on
reasonable request.

Consent for publication

Not applicable.
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