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Introduction and hypothesis: Female bladder pain syndrome (FBPS), previously
known as interstitial cystitis/bladder pain syndrome (IC/BPS). Numerous
research indirectly prove that Female bladder pain syndrome (FBPS) is
associated with immune-related inflammation. According to the correlation
analysis between peripheral blood immune-inflammatory markers and
disease diagnosis, this research further verifies the potential diagnostic value
of peripheral blood inflammatory markers in FBPS.

Method: A total of 149 women with bladder pain syndrome who visited the
urology department of our hospital from January 2013 to December 2024 and
149 healthy controls Patients who underwent health examinations at the
physical examination center of our hospital from January 2022 to January 2023
were screened. All patients’ peripheral blood inflammatory markers at admission
included Neutrophil-to-Lymphocyte ratio (NLR), Systemic Immune Inflammation
index (Sll), et al. The maximum bladder capacity (MBC) during surgery served as
the bladder volume. Multivariate binary regression was used to calculate the
correlation between these indicators and disease diagnosis as well as MBC. The
correlation between these indicators and MBC is secondary outcomes. The
optimal cut-off value for the parameters was identified using the receiver
operating characteristic (ROC) curve and its area under the curve (AUC) over time.
Results: Compared with the control group, patients in the observation group
demonstrated significantly higher SIl, NLR, PLR, neutrophil count, whereas
peripheral blood platelet count (PLT) and absolute lymphocyte count
decreased, with statistically significant differences (all P<0.05). Multivariate
binary logistic regression analysis revealed increased NLR as an independent
risk factor for FBPS. Compared with the normal bladder capacity group,
patients with small bladder capacity demonstrated significantly lower SllI, PLR,
PLT, with statistically significant differences (all P < 0.05). Multivariate binary
logistic regression analysis revealed decreased PLT as an independent risk
factor for reduced bladder capacity.

Conclusion: Peripheral blood inflammation indicators can be employed as an
auxiliary diagnostic standard for FPBS, and NLR can be used as an independent
diagnostic indicator for FBPS. However, further prospective studies are warranted
to identify the causal relationship of these indicators with patient symptoms.

KEYWORDS

female bladder pain syndrome (FBPS), interstitial cystitis/bladder painsyndrome (IC/
BPS), blood inflammatory markers, maximum bladder capacity (MBC), neutrophil-to-
lymphocyte ratio (NLR), systemic immune-inflammation index (SlI)
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1 Introduction

Female bladder pain syndrome (FBPS), previously known as
interstitial cystitis/bladder pain syndrome (IC/BPS), is a life-
altering and morbid condition that occurs primarily in female
patients and can be variable in presentation. The International
(IUGA) and the
Urogynecologic Society (AUGS) have updated the terminology

Urogynecological ~Association American

of IC/BPS in order to improve the accuracy of diagnosis and the
clinical care for affected female patients. Given the absence of

pathognomonic symptoms and sensitive diagnostic tests,

significant symptomatic overlap with numerous other pelvic
conditions (such as pelvic floor tension myalgia or
endometriosis) occurring in women makes diagnosis of FBPS
challenging (1). Women are 2-5 times more likely to be affected
In the United States, 2%-6%

demonstrated symptoms consistent with IC/BPS (3).

than men (2). of women

Research indicates that the neutrophil-to-lymphocyte ratio

(NLR) holds significant predictive value in systemic
inflammatory responses. An elevated NLR reflects increased
neutrophil counts, suggesting that the body is in an
inflammatory state. It has been demonstrated to have

considerable predictive significance in cardiovascular and lower
urinary tract diseases (4-8). Additionally, the platelet-to-
lymphocyte ratio (PLR) reflects the body’s coagulation status
and inflammatory response. PLR has been confirmed as an
independent risk factor for the occurrence and prognosis of
stroke (9, 10). The
inflammation index (SII) is based on changes in immune cell

diseases such as systemic immune-
subsets and platelet counts, serving as an indicator of overall
platelet aggregation, activation, apoptosis, and alterations in the
systemic immune microenvironment. An elevated SII suggests
platelet activation due to systemic inflammation, accompanied
by increased neutrophil and platelet counts. Conversely, a
decreased SII indicates platelet aggregation or apoptosis, as well
as changes in the systemic immune microenvironment caused
The

inflammation index (SII) is a novel biomarker for malignancies

by elevated lymphocyte counts. systemic immune-
and inflammatory diseases (11). These peripheral blood cell
related indicators are relatively easy to obtain and more
acceptable to patients as a non-invasive initial screening test.
FBPS symptoms overlap with those of other urological and

gynecological disorders, including overactive bladder, recurrent

urinary tract infections, vulvar pain, Endometriosis (12).
Further, FBPS involves many comorbidities, including
cardiovascular disease, lung disease, rheumatic diseases,

neurological disorders, and mental health issues (13). FBPS is an
exclusionary diagnosis due to the lack of identifiable symptoms
and comorbidities, coupled with the absence of a gold standard
diagnostic tool (14). Peripheral blood immune-inflammatory
markers demonstrate diagnostic differences in various diseases,
especially in immune-related diseases. Studies have confirmed
that changes in the number of neutrophils and lymphocytes in
the peripheral blood are associated with disease diagnosis
despite no direct evidence associating FBPS with immune
factors (15). Moreover, some articles have investigated the
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correlation between inflammatory and immune factors with
FBPS pathogenesis. This paper primarily aims to verify the
correlation between platelet count, neutrophil count, lymphocyte
count, and their ratios with disease diagnosis, emphasizing the
potential diagnostic value of these values.

2 Materials and methods
2.1 General information

We diagnosed with FBPS based on history taking, cystoscopy,
and pathological examination following the diagnostic criteria for
IC/BPS published by the American Urological Association (2011,
2022) (16, 17) and expert consensus developed by AUGS-IUGA
(1). First, these patients associated with lower urinary tract
symptoms (LUTS) for longer than 6 weeks, accompanied by at
least one LUTS of urgency to void or frequency, in the absence
(16). Collect the
medical history and admission examinations. Further, these

of wurinary tract infection patient’s
patients met the National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK) exclusion criteria at their first
hospitalization (18).

Inclusion criteria

(1) age of >18 years; (2) first-time patient; (3) patients meeting
the diagnostic criteria for FBPS; (4) patients with complete
clinical data.

Exclusion criteria

(1) patients with acute or chronic bacterial cystitis, urinary
stones, ketamine-related cystitis, or neurogenic urinary
dysfunction and other urological diseases; (2) patients who have
undergone urological surgery within the past 6 months; (3)
patients who have received any therapeutic agent via cystoscopy
within the past 6 months; (4) patients with concurrent
inflammation of the female reproductive system or urinary tract
tumors; (5) pregnant women and patients with allergic
constitutions; (6) no increased nocturnal urination; (7) no more
than 8 daytime urination when awake; (8) bladder or ureteral
stones; (9) urethral diverticulum; (10) patients with immune
system disease (e.g., Sjogren’s syndrome, rheumatism diseases)
and tuberculosis infection; (11) use of anti-inflammatory drugs
(e.g., NSAIDs), immunosuppressants, or anticoagulants within
1-2 weeks prior to admission.

The blood routine and urine routine results of patients in the
experimental group and control group were included in the
statistics. Collect blood routine examination upon admission.
Specific detection methods: Avoid the patient’s menstrual period
and collect 5ml of morning venous blood, immediately
performing routine blood tests. The white blood cell count
(WBC), absolute lymphocyte count, absolute neutrophil count,
PLT were measured using a fully automated biochemical
analyzer. Routine urinalysis excludes urinary tract infection.

Collect the surgical records and postoperative pathological
reports of these patients. Cystoscopy with one or more
inflammatory appearing lesions or ulcerations (Hunner’s lesion)

was applied as the diagnostic criteria (16). Glomerulations
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(pinpoint petechial hemorrhages) after bladder hydrodistension
were considered as another diagnostic criteria (Supplementary
Figures 1A-C). All operators must adhere to the following
standards and procedures: The bladder was then distended with
normal saline through a port on the cystoscope at a pressure of
80 cm H2O. After hydrodistension for 3 min at the maximum
bladder capacity, the saline was drained, and the volume of this
fluid served as the intraoperatively maximum bladder capacity
(MBC) (14, 19). We used biopsy forceps to remove urothelial
tissue at inflammatory appearing lesions or ulcerations
(Hunner’s lesion), taking 2-4 pieces ranging from 2 mm to
3 mm. At least one pathological diagnosis in all the tissue met
the following clinical pathological standards: multiple
inflammatory cell infiltration in the mucosa and submucosa,
mast  cells.
Immunohistochemistry confirmed positive CD38, CD117,
CD138, and LCA antibodies. A pathologist reviewed the

pathology section and report for a second time.

including  neutrophils, lymphocytes, and

Collect medical records of 200 patients, 23 patients with acute
or chronic bacterial cystitis, urinary calculi, ketamine-associated
cystitis, neurogenic urinary dysfunction, and other urological
diseases; 9 patients with concurrent female reproductive system
inflammation or urinary tract tumors; 14 patients with immune
system disease (e.g., Sjogren’s syndrome, rheumatism diseases).
There are four of them used anti-inflammatory drugs or
immunosuppressants, within 1-2 weeks prior to hospitalization.
The
inflammatory appearing lesions or ulcerations (Hunner’s lesion)

remaining criteria did not exclude patients. No
were observed in 5 patients under cystoscopy. The observation
group included 149 female patients who visited the urology
department of our hospital from January 2013 to December
2024. Participants were aged 33-80 years [median 63 years;
mean 61 years].

Self-reported  questionnaires, including O’Leary-Sant’s
symptom and problem indexes (OSSI and OSPI), pelvic pain
and urgency/frequency (PUF) symptom scale, documented the
presence of FBPS indicative symptoms in the control groups,
including dyspareunia, vaginitis, pelvic pain, frequent urination,
urgency, nocturia (17, 20). The questionnaire scores of the
control patients were OSSI+ OSPI<3 points, PUF < 3points.
The control group included 149 female participants who
underwent health examinations at the physical examination
center of our hospital from January 2022 to January 2023.
Participants were aged 35-84 years [median 60 years; mean
60 years].

To clarify the correlation between peripheral blood indicators
and bladder capacity in experimental patients. Since bladder
capacity was not statistically measured in the early cystoscopy,
this data was indeed available for some of the experimental
group patients. Finally, the MBC of 119 patients was statistically
analyzed, with its median (320 ml, 200 ml-500 ml) used as the
threshold. Patients with a level greater than the threshold were
defined as having normal bladder capacity (NBC), whereas those
with a value less than the threshold were defined as having
small bladder capacity (SBC). The ratio of these two groups
was 58:61.
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General clinical data of patients and healthy people were
collected, including age, body mass index (BMI), menopause,
medical history, and routine urine and blood results. Clinical
of the

Supplementary Appendices Table 1.

characteristics human subjects are presented in

2.2 Statistical methods

The Statistical Package for the Social Sciences version 24.0
statistical software was used for all data analyses. The Shapiro-
Wilk test was used to identify whether the data followed a
normal distribution. Normally distributed data were expressed as
mean * standard deviation, whereas nonnormally distributed
data were presented as median (interquartile range). Mann-
Whitney rank-sum tests or Kolmogorov-Smirnov tests were
selected if two sets of data did not conform to a
normal distribution.

Parametric ¢-tests were performed if both sets of data followed
a normal distribution. Subsequent homogeneity of variance tests
were conducted. Nonpaired t-tests were selected if the variances
were homogeneous, whereas Welch’s adjusted nonpaired t-tests
were chosen if the variances were heterogeneous. A logistic
regression model was developed to analyze the risk factors
for FBPS in women. Receiver operating characteristic (ROC)
curves were used to assess the diagnostic performance of
P-values of <0.05 indicated

peripheral blood indicators.

statistical significance.

3 Results

3.1 Female bladder pain syndrome vs.
healthy population

Comparison of clinical data and laboratory indicators between
the two groups revealed no statistically significant differences in
terms of age, BMI, history of hypertension and diabetes, and
menopause compared with the control group (all P>0.05),
indicating comparability. The observation group demonstrated
increased SII, NLR, PLR, absolute neutrophil counts, and
significantly decreased platelet count and absolute lymphocyte
count, with statistically significant differences (all P <0.05)
(Table 1, Supplementary Tables 2, 3). Logistic regression model
using FBPS as the dependent variable and SII, NLR, and PLR
for multivariate binary logistic regression analysis.

The results reveal that an increased NLR level is an
independent risk factor for FBPS. The ROC analysis indicates
that the area under the curve (AUC) for diagnosing FBPS using
NLR is 0.754 [95% confidence interval (CI): 0.700-0.809], which
has a diagnostic value. When the optimal cut-off value is set at
2.065, the sensitivity is 0.557, the specificity is 0.866, and
Youden’s index is 0.423 (Table 2, Figure 1). The ROC analysis
of the combined indicator NLR and PLT that the area under the
curve (AUC) for diagnosing FBPS using is 0.554.
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TABLE 1 Comparison of clinical data and laboratory indexes between the two groups.

10.3389/fsurg.2025.1685098

BML/(kg/m?) Sl NLR PLR
FBPS 149 23.81+3.20 530.71 +269.32 2.25+0.88 153.81 + 63.44
C 149 2428 +3.79 399.34 + 166.56 1.57 £0.48 123.79+37.76
P =0.416 <0.001 <0.001 <0.001

N/(10°/L) L/(10°/L) PLT/(10°/L)

FBPS 347 +1.03 1.66 % 0.53 232.57 +55.29
C 3224097 2.11+0.49 250.10 % 56.54
P <0.05 <0.001 <0.05

FBPS, female bladder pain syndrome Patients; C, controls patients; BMI, body mass index; SII, systemic immune inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet -to-

lymphocyte ratio; N, neutrophil count; L, absolute lymphocyte count; PLT, peripheral blood platelet count.

TABLE 2 Multivariate logistic regression analysis of plasma Sl and other clinical parameters affecting FBPS.

Std. error HR (95%)
LL UL
SII ~0.007 002 20.634 1 .000 993 989 996
NLR 3.340 520 41.165 1 .000 28.206 10.169 78.232
PLR 010 004 5.459 1 019 1.010 1.002 1.019

SII, systemic immune inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet -to-lymphocyte ratio.

3.2 Normal bladder capacity vs. small
bladder capacity

No statistically significant differences in terms of age, height,
weight, BMI, history of hypertension and diabetes, and
menopausal status were found between the two groups (all
P>0.05), indicating comparability. Statistical analysis was
conducted on the data from both groups. The neutrophil count,
SII, PLR and PLT were decreased in patients with reduced
bladder capacity, and the difference was statistically significant
(P<0.05) (Table 3, Supplementary Tables 4, 5).

The logistic regression model used MBC as the dependent
variable and SII, PLR and PLT for multivariate binary logistic
regression analysis. The results revealed a decrease in the
platelet count as an independent risk factor for patients with
FBPS. The ROC curve analysis indicated that the AUC for
diagnosing bladder capacity reduction using platelet count was
0.754 (95% CI: 0.668-0.841), indicating a certain diagnostic
value. Sensitivity, specificity, and Youden’s index were 0.672,
0.741, and 0.413, respectively, when the optimal cut-off value
was set at 220.5 (10°/L) (Table 4, Figure 2).

The above results mean that combined with the questionnaire
survey, if the peripheral blood routine test of the patient indicates
NLR >2.065, it can be highly suspected that the patient is FBPS.
On this basis, if PTL <220.5 (10°/L), then the bladder capacity of
the patient is reduced, which is the cause of aggravating the
symptoms of the patient, such as urinary frequency and urgency, etc.

4 Discussion

Concerning the etiology and pathogenesis of FBPS, various
hypotheses have been proposed. Numerous studies investigated
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the theories of epithelial permeability, mast cell activation, and
immune-neuro inflammation to explain various symptoms in
patients, such as urinary frequency, urgency, dysuria, and
bladder contracture, from different perspectives (21). There is
disease however, chronic

controversy over the onset;

Inflammation and the immune system may play an
indispensable role in its progression (22). Increased levels of
various proinflammatory cytokines have been observed in the
urine and serum of patients (23). Immune cell activity and
structural abnormalities have been noted in tissue samples from
patients (24). Some studies have revealed that protein factors,
such as AFP and PPARy, can serve as diagnostic markers for
FBPS, providing significant advantages in sensitivity and
specificity, but the testing process is complex and time-
consuming (15, 24). A simple and rapid indicator to enable
early FBPS diagnosis is now an urgent need.

Peripheral blood cell counts and ratios represent the long-term
inflammatory cell status in patients (25). Chronic bladder
inflammation promotes the activation and aggregation of
neutrophils, lymphocytes, and eosinophils in the mucosa. The
dilation of blood vessels in the bladder wall accelerates the
extravasation of inflammatory factors, which in turn promotes
the proliferation of inflammatory cells in the blood, particularly
neutrophils. The pathological tissue report showed “vascular
dilation  with
microscope, indicating that local inflammatory cells migrated to

inflammatory cell infiltration” under the
peripheral blood vessels and lymphatic vessels through bladder
mucosal blood vessels and lymphatic vessels, causing changes in
inflammatory cells and inflammatory factors in peripheral blood.
The proliferation of inflammatory cells, especially neutrophils, in
the blood leads to the elevation of NLR (26). The pathology
indicates widespread inflammatory cell aggregation at the lesion
site, however, this study shows a significant decrease in systemic
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FIGURE 1
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ROC curve analysis of plasma NLR. Three cystoscopy images show a Hunner's ulcer, non-ulcerated mucosa with reticulated, thickened blood
vessels, and extensive bleeding after bladder hydrodistension. Below these is a Receiver Operating Characteristic (ROC) curve plotting sensitivity
against 1-specificity. The blue curve lies above the green diagonal reference line, indicating good predictive performance. The diagonal line
represents random probability.

TABLE 3 Comparison of normal bladder capacity and bladder capacity reduction in patients.

BMI/(kg/m?) Sli PLR NLR
NBC 58 23.73£2.65 606.03 + 308.86 173.91 £ 69.44 2.35+0.94
SBC 61 23.40 +3.89 442.08 £213.90 131.99 £ 40.89 2.09 £0.84
P <0.05 <0.001 0.167

L{[M(P25, P75)]10°/L}

N{[M(P25, P75)]10°/L}

PLT{[M(P25, P75)]10°/L}

NMBC

1.57 (1.17, 1.98)

3.36 (2.85, 4.14)

248.50 (215.00, 283.50)

SMBC

1.61 (1.35, 2.08)

3.25 (2.36, 4.09)

211.00 (176, 235.50)

P

0.736

0.455

<0.001

NBC, normal bladder capacity; SBC, small bladder capacity; MI, body mass index; SII, systemic immune inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet -to-

lymphocyte ratio; N, neutrophil count; L, absolute lymphocyte count; PLT, peripheral blood platelet count.
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TABLE 4 Multivariate logistic regression analysis of plasma Sll and other clinical parameters affecting small bladder capacity.

Std. error HR (95%)
UL
SBCSII 002 .001 1.292 1 256 1.002 999 1.004
SBCPLT —018 006 10.838 1 001 982 971 993
SBCPLR —012 .006 4.055 1 044 988 977 1.000

SII, systemic immune inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet -to-lymphocyte ratio.
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FIGURE 2
ROC curve analysis of plasma count for reduced bladder
capacity deagnosis. The Receiver Operating Characteristic (ROC)
curve plots sensitivity against 1-specificity. The curve is convex
toward the upper-left corner, indicating excellent model
performance.

lymphocyte levels, which may be associated with lymphocyte
aggregation near the lesion. Further, prolonged inflammation
increases oxidative stress in the blood, causing excessive ROS
production that damages platelet survival and accelerates platelet
aging and rupture.

This study revealed significantly reduced platelet count in the
disease group, with a more pronounced decline observed in
patients with bladder contracture. Systemic thrombocytopenia
increases the risk of postoperative bleeding, which is a key
consideration when assessing the feasibility of lesion resection
with  bladder
blood
neutrophils is also observed. This suggests either systemic

and hydrodistension
significant

therapy. In patients

contracture, a reduction in peripheral
inflammatory cell recruitment to the lesion site or deterioration
of the bladder mucosal immune microenvironment during
advanced disease stages, correlating with aggravated local
symptoms such as urinary frequency and dysuria. In later stages,
increased urinary frequency may also correlate with reduced
bladder capacity. Follow-up results indicate that while some

Frontiers in Surgery

patients experience transient symptom relief after bladder
hydrodistension, others show minimal or no improvement. This
necessitates further follow-up to clarify the relationship between
patients’ peripheral blood cell counts and the efficacy of
hydrodistention. This allows for better selection of the optimal
timing for hydrodistension.

This study has certain limitations. First, the research primarily
focuses on female patients, thus, the sample limitations mean the
findings can only be reflective of the underlying factors in this
specific cohort. Future studies should include male patients with
FBPS to verify the generalizability of the results. Second, the
limit  the
generalizability of this study and the control group in this study

retrospective  design and single-center sample
only included healthy individuals and did not include patients
with other urological diseases. This design limitation means the
specificity of the currently determined cut-off value for
distinguishing FBPS from other inflammatory urological diseases
like OAB remains unclear. This is important for the differential
diagnosis of lower urinary tract diseases. Future prospective,
multicenter studies with broader populations are required to
these Third, If possible, the

classification and staging of the patient population in this study

validate findings. disease
can be divided. This provides a good support for the choice of
follow-up treatment plan for patients with disease. So the
subsequent research should aim to expand the sample size and
attempt to classify the patient population using survey
questionnaires and the ESSIC guidelines. Additionally,
integrating multi-omics data (e.g., urinary and pathological
specimens) is essential to further investigate the diagnostic
performance of combined inflammatory biomarkers and
elucidate underlying disease mechanisms. In this article, NLR
predicts disease specificity is high but sensitivity is low, until
more precise peripheral blood indicators emerge, clinical
diagnosis should be combined with questionnaire survey to
avoid missed diagnosis.

The innovation of this paper lies in the first application of
from FBPS for differential
exploration, thereby clarifying the trends of inflammatory cell

proliferation and reduction in patients. This lays the foundation

peripheral blood indicators

for further validation of the association between inflammation
and symptoms. Moreover, we further explored the association
between changes in inflammatory cells and bladder capacity
alterations. This highlights that reduced bladder capacity in
advanced-stage disease serves as a contributing factor to
patients’ discomfort symptoms, thereby informing the selection
Furthermore, this

of clinical management options. study
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explores the therapeutic potential of platelet-targeted local and
Platelet-rich
plasma (PRP) contains many growth factors (platelet-derived

systemic interventions in FBPS management.
growth factor PDGF) and cytokines that are essential proteins
for modulating inflammation and promoting tissue regeneration
and thus wound healing. PDGF is one of the several growth
factors that regulate cell growth and division. There have been
articles about the therapeutic effect of intravesical injection of
enriched platelet plasma on FBPS (27, 28). By augmenting
both and  bladder

microenvironments, these strategies aim to counteract the

platelet  availability in circulatory

progressively deteriorating immune milieu, offering more
effective treatment paradigms for patients. Although PLT has
moderate sensitivity and specificity for predicting bladder
capacity, but it was possible to explain the need for cystoscopy
to patients at the initial screening, and to add bladder
hydrodistension and platelet-rich plasma (PRP) treatment

during cystoscopy.

5 Conclusion

This
pathophysiological

the
mechanism of FBPS and preliminarily

study provides new information about
establishes its potential diagnostic markers. The NLR can
provide an hematological adjunct to diagnosis when we strongly
suspect the patient of FBPS. The prediction of bladder capacity
by PLT, as a secondary conclusion, can better explain the
patient’s symptoms. This finding provides a new direction for
FBPS diagnosis and treatment in the future, but more in-depth

research is warranted for verification.
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