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Introduction

Since Alexander JC Skene coined the name “interstitial 
cystitis” in 1887, its definition, estimated prevalence and 
pathophysiological aspects investigated according to its 
subtypes have changed considerably over time (1). The 
phenotypic heterogeneity of the disorder and its associations 
restrains the physicians when treating patients with persisting 
symptoms of bladder pain syndrome (BPS). Promising results 

have been reported in recent studies on the therapeutic effects 
of urinary alkalisation therapy (2,3). However, incidental findings 
in these studies such as improving urgency, frequency and pain 
with medical urine alkalisation barely reveal the aetiological 
relationships with urine pH. This issue formed the basis for the 
first hypothesis of this study: Urine pH levels differ between 
patients with BPS and individuals without BPS. Low urine pH 
as a marker of renal acid load is also an under-investigated 
clinical finding. Metabolic acidosis, dietary acid load and renal 
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tubular dysfunction are known causes of excessive renal acid 
load (4). Metabolic acidosis and diet-dependent renal acid load 
were found to be associated with higher glucocorticoid levels 
(5). Although data on the association of stress with renal acid 
load is limited, glucocorticoids are known to be stress response 
hormones. Emotional stress is known to be a potential trigger of 
symptom exacerbations in patients with interstitial cystitis/BPS 
(6-8). At present, clinicians are quantifying the level of stress 
using valid instruments rating the perceived level of stress in 
each patient. The relationship between urine acidity level and 
perceived stress in patients with BPS has not been investigated, 
and whether perceived stress can be a trigger or mediator of 
acidic urine is still unclear. This issue provided the basis for our 
second hypothesis: Perceived stress accompanied by excessive 
urinary acid load may be associated with the presence and 
symptom severity of BPS. Therefore, this study aimed to evaluate 
the accompanying perceived stress levels of patients with BPS in 
comparison with healthy participants.

Materials and Methods

Study Design and Setting

A prospective case-control study was conducted to test the 
aforementioned hypotheses. The trial was started in August 
2018 and ended in February 2020 after approval from review 
board (CU-06-07-2018/No: 45). During the recruitment period, 
potential participants who have given written consent for 
taking part in the study were evaluated by the researchers in 
the hospital setting. The patient group consisted of participants 
aged >18 years who were admitted to the urology clinic with 
complaints related to BPS and were newly diagnosed with BPS 
after all appropriate diagnostic tests and consultations were 
performed. As accepted currently, we used the definition “An 
unpleasant sensation (pain, pleasure, or discomfort) perceived 
to be related to the urinary bladder, associated with lower 
urinary tract symptoms of more than six weeks in the absence of 
other identifiable causes” to establish a diagnosis of BPS (9,10). 
When patients presented with gross or microscopic haematuria, 
cystoscopy with hydrodistension under general anaesthesia was 
performed as needed. The control group consisted of volunteers 
aged >18 years who visited the gynaecology and/or urology 
outpatient clinic for reasons except as being a patient (relative of 
a patient, hospital staff, etc.) and who had no complaints related 
to cystitis or pelvic pain. Spot urine analysis was performed on 
the control group as a sole laboratory investigation.

Following the written informed consent process, all study 
participants were asked to rate their complaints using three 
questionnaires during the interview. In this study, translated 
forms of the O’Leary-Sant Interstitial Cystitis Symptom index 
(ICSI) (Appendix A) and O’Leary-Sant Interstitial Cystitis Problem 

index (ICPI) (Appendix B) were used to measure cystitis symptoms 
(11,12). Since linguistically validated interstitial cystitis 
questionnaires were not available, both questionnaires were 
translated from their original English by an English language 
teaching professional for the current study. The validated 
version of the 10-item Perceived Stress scale (PSS-10) was used 
to measure the perceived stress levels of the participants in the 
last 4 weeks (13-15). Changes in PSS-10 scores ranged from 
0 to 40 points, with higher scores indicating higher levels of 
perceived stress (13-15). Participants were asked to rate their 
pain levels using a 10-point (0-10) Likert visual analogue scale 
(VAS). Quality-of-life (QOL) was rated with a 6-point (0-5) 
Likert scale, with a higher score indicating better QOL. Patients 
with central or peripheral nervous system disease and taking 
antidepressants, antipsychotic, anxiolytic, anticholinergic, 
alpha blocker, mirabegron, or gabapentinoid medications were 
excluded from the study. Participants who rated either the ICSI 
or ICPI questionnaires above 6 points were excluded from the 
control group. The flowchart of the study is shown in Figure 1.

Study Size and Data Handling

Ninety-two participants for each group have been targeted 
according to sample size estimation using G*Power software, 
with 70% power, type 1 error of.05 and type 2 error of.80. 
Age, body mass index (BMI), current complaints, duration of 
complaints, comorbidities, medications and abnormal physical 
examination findings were recorded for each participant. 
Routine laboratory and radiologic examination findings were 
also recorded. The main variables investigated between the case 
and control groups included perceived stress levels (PSS-10) 
and spot urine pH as independent variables and O’Leary-Sant 
indexes (ICSI and ICPI), VAS-pain and QOL scores as dependent 
variables.

Statistical Analysis

At the beginning of the data analysis, Kolmogorov-Smirnov 
normality test was performed. The independent samples t-test 
was performed for all normally distributed variables during 
group comparisons. Non-parametric test was performed on 
variables that demonstrated a skewed distribution. The reliability 
of the linguistically translated ICSI and ICPI questionnaires were 
analysed using Cronbach’s alpha test. A multivariate analysis 
was performed with logistic regression for nominal variables and 
linear regression for normally distributed dependent variables. 
In skewed distribution, logarithmic transformation was utilised 
before rendering the variables into a parametric regression. 
We used the Hosmer-Lemeshow test during the multivariate 
analysis with a binary logistic regression model for the final 
outcome. Hierarchical linear regression and path analysis for 
the measured dependent variables in the patient group were 
applied. While this study was planned in a prospective manner, 
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none of the matching techniques were anticipated. All analyses 
were performed using the PASW Statistics (IBM, Armonk, NY, 
USA).

Potential Biases

Selection bias was the main confounder of this study. Thus, strict 
exclusion criteria and previously validated cut-off scores for 
ICSI and ICPI were used to deal with bias during the recruitment 
period.

Results

A total of 170 participants were recruited for the study. The 
patient group included 84 patients with BPS (73 women 

and 11 men), and 86 healthy participants (70 women and 16 
men) were included in the control group. Only the BMI was 
significantly different between the patient and control groups. 
Demographic characteristics and comorbidities are shown 
in Table 1. Among patients with BPS, 42 (50%) patients had 
pain in the pelvic region, 15 (17.9%) in the pelvic and lumbar 
regions and 27 (32.1%) in the pelvic and lumbar regions with 
involvement of other body sites. The mean pain duration was 
23.6 (±30.7) months. The mean serum creatinine (mg/dL) and 
serum C-reactive protein values were 0.83 (±0.19) and 5.7 
(±15.6), respectively. Accompanying nephrolithiasis (range, 
3-8 mm) was found in 17 (20.2%) patients. Cystoscopy was 
performed in 19 (22.6%) patients. Ulcerative cystitis was found 
in 2 (2.4%) patients, non-ulcerative cystitis with glomerulations 
in 13 (15.5%) patients and normal bladder appearance in the 
remaining 4 (4.8%) patients.

Among the study variables, only urine pH values demonstrated 
a skewed distribution in both groups (positive skewness of 
0.59±0.26 in the control group and 1.51±0.26 in the BPS group). 
Therefore, we used the Mann-Whitney U test to compare the 
urine pH values between the groups. The mean spot urine pH, 
PSS-10, ICSI, ICPI, VAS-Pain and QOL scores were different 
between the patient and control groups. Results of comparative 
analysis within the groups are shown in Table 2. A reliability 
analysis of the items on the interstitial cystitis questionnaire 
revealed an intermediate level of internal consistency for the 
translated versions of the ICSI (Cronbach’s alpha value of 0.78) 
and ICPI (Cronbach’s alpha value of 0.84).

Initially, a binary logistic regression model was constructed 
for the presence of BPS. At the first block of the model, age 
and BMI were entered. The second block included spot urine 
pH, spot urine density and PSS-10 scores. Spot urine pH 
levels [p=0.01, odds ratio (OR)=0.31 (95% confidence interval 
(CI) 0.12-0.75)] and PSS-10 scores [p=0.01, OR=1.1 (95% CI 
1.0-1.2)] were significant predictors in the final model. A 
hierarchical regression for ICSI, ICPI, VAS-Pain and QOL scores 
in the patient group revealed that only PSS-10 scores predicted 
the ICPI [standardised coefficient ʙ=0.34 (p=0.01)] and VAS-
Pain [standardised coefficient ʙ=0.35 (p=0.01)] scores and were 
independent from spot urine pH, age and BMI. The path analysis 
with the study cohort also revealed significant correlations, 
as shown in Figure 2. Among the participants, ICSI, ICPI, VAS-
Pain and QOL scores were associated with both perceived stress 
levels and spot urinary pH levels. Lower urine pH and higher 
perceived stress were associated with worse ICSI, ICPI, VAS-Pain 
and QOL scores. The perceived stress scores were affected by ICPI 
and VAS-Pain levels. No predictor of urine pH levels was found 
among the study variables.

Figure 1. Flowchart of the study
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Discussion

In this case-control study, we investigated the potential 
interrelations and predictor roles of urine pH and perceived 
stress level of patients with BPS. We found that low urine pH 

and increased perceived stress predicted the presence of BPS. 

The urine pH and perceived stress levels correlated with ICSI, 

ICPI, VAS-pain and QOL scores independent from each other.

The ICSI, ICPI, VAS-Pain and QOL scores were significantly 

different between the groups. Although linguistically validated 

ICSI and ICPI questionnaires are still not available in our country, 

Table 1. Characteristics of the study participants
Control 
group
n=86

Patient 
group
(BPS)
n=84

p-value

Age (years) 39.7±10.4 42.4±11.4 0.11

Gender (F/M) 70/16 73/11 -

BMI (kg/m2) 25.8±4.6 27.7±4.7 0.01**

Diabetes mellitus 1 (1.1%) 5 (5.9%) 0.11

Hypertension 7 (6.0%) 11 (13%) 0.32

Asthma (± allergy) 1 (1.1%) 5 (5.9%) 0.11

Thyroid dysfunction 10 (11.6%) 7 (8.3%) 0.61

Other disease 6 (6.9%) 14 (16.6%) 0.059

Smoking history (yes) 20 (23.2%) 14 (16.6%) 0.24

Alcohol consumption (yes) 2 (1.7%) 1 (1.1%) -

*significant at the level of 0.05 (with two-sided analysis)
**significant at the level of 0.01 (with two-sided analysis), BPS: Bladder pain syndrome, 
BMI: Body mass index

Table 2. Analysis of measured variables within study groups
Control group
n=86

Patient group
(BPS)
n=84

p-value

Spot urine pH 6.2±0.5 5.8±0.6 0.0001**

Spot urine density 1.016±0.007 1.015±0.007 0.91

PSS-10 score 18.3±5.7 22.9±6.0 0.0001**

ICSI score 3.2±1.5 10.6±3.7 0.0001**

ICPI score 3.1±1.8 10.6±3.2 0.0001**

VAS-Pain score 2.0±1.7 6.0±2.5 0.0001**

QOL score 2.7±1.4 1.4±1.1 0.0001**

*significant at the level of 0.05 (with two-sided analysis)
**significant at the level of 0.01 (with two-sided analysis), BPS: Bladder pain syndrome, 
PSS-10: The 10-item Perceived Stress scale, ICSI: Interstitial Cystitis Symptom index, 
ICPI: Interstitial Cystitis Problem index, VAS-Pain: Visual analogue scale for pain, QOL: 
Quality-of-life

Figure 2. Results of the multivariable path analysis that demonstrates the relations of urine pH, perceived stress and BPS symptoms. Correlation coefficients 
measured in the multivariable regression analysis are shown in the figure

*indicates p≤0.05 and **indicates p<0.01

Pain duration: Numerically coded as months

Pain location: Categorically ordered as 1 for pelvic region only, 2 for pelvic and lumbar region and 3 for pelvic plus lumbar region and other body parts, BPS: Bladder pain syndrome, 
BMI: Body mass index, VAS: Visual analogu scale, QOL: Quality-of-life
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the clinical validity of ICSI and ICPI for patients with BPS has 
already been confirmed (11,12). O’Leary et al. (11) concluded 
that nearly all patients with BPS have given both ICSI and ICPI 
questionnaires ratings higher than 6 points. For this reason, 
we used a cut-off of 6 points while rendering participant to 
our control group to avoid selection bias. As the ICSI and ICPI 
questionnaire results showed acceptable internal consistency, we 
believed that our study groups were constructed appropriately.

We performed cystoscopy with hydrodistension under general 
anaesthesia as needed. Although recent trials have recommended 
routine cystoscopic phenotyping of patients with BPS during 
the initial diagnostic evaluation, our cystoscopic findings, in 
terms of ulcerative cystitis prevalence, or normal findings do 
not deviate from those in the literature (16-18). Additionally, 
we found relatively high rates of nephrolithiasis in our patients 
with BPS compared with the current known prevalence (19). 
To the best of our knowledge, no data were available on the 
prevalence rate of nephrolithiasis in patients with BPS. Further 
clinical studies are needed on this topic, while we can only 
speculate that acidic urine pH may increase the risk of kidney 
stone formation in patients with BPS.

As a novel finding of this study, an increase in the level of urine 
pH is associated with lower odds for the presence of BPS. Our 
path analysis also revealed that acidic spot urine pH levels 
predicted worse symptom scores in the patients. Moreover, the 
urine pH level is not correlated with any patient characteristics 
or perceived patient stress. Nguan et al. (20) reported the first 
investigation of the effect of urine pH changes on pain scores 
of patients with interstitial cystitis in a double-blind crossover 
study. They found no difference in the pain scores of patients 
with intravesical instillation of either an acidic solution (pH 5.0) 
or a neutral buffered solution (pH 7.5) (20). In 2014, Ueda et al. 
(3) reported a significant improvement in micturition complaints 
and ICPI scores of patients with hypersensitive bladder by 
using urinary alkalisation therapy to increase the urine pH to 
6.2. Recently, Sönmez et al. (2) also demonstrated that urine 
alkalisation therapy improves voiding symptoms and pain scores 
of women with acidic urine (pH <6) after 4 weeks. Although no 
physiopathological data exist on the relationship between urine 
pH level and BPS symptoms, existing preclinical data speculate that 
the expression of TRPV1 capsaicin and acid-sensing ion channel 
receptors at the terminals of bladder afferent C fibre terminals 
might be responsible for symptom improvement through urine 
alkalisation in women diagnosed with hypersensitive bladder and 
those with acidic urine (2,3,21-25). Thus, our results may promote 
current knowledge and might provide a clinical framework for 
further clinical and preclinical studies to clarify the relationship 
between acidic urine pH and BPS symptoms.

The higher level of perceived stress in the current study 
population indicates higher odds for the presence of BPS. In this 

study, an increase in perceived stress has direct disruptive effects 
on patients’ complaints. The second hypothesis of this study was 
partially rejected because perceived stress was not associated with 
urine pH level. However, preclinical studies have demonstrated 
a relationship between water avoidance stress and severity of 
cystitis (8,26). Previous clinical studies have also revealed that 
daily life stress and acute stress are related to increased urgency 
and pain ratings in patients with interstitial cystitis (6,7,27). 
Autonomic nervous system hyperactivity and stress-induced 
hyperalgesia were initially the focus of trials investigating 
the pathogenetic relationship between stress and interstitial 
cystitis/BPS (28). Recently, Jhang et al. (29) demonstrated that 
the dysregulation of bladder corticotrophin-releasing hormone 
receptor subtypes has improved the pathogenetic theories on 
stress-induced symptom exacerbations in patients with BPS. In 
the present study, we measured the perceived stress level of the 
participants using a valid instrument and demonstrated that, in 
addition to the predictive value for BPS, the perceived stress of 
the participants was also influenced by their perception of the 
cystitis problem and pain level. A previous factor analysis of the 
PSS-10 revealed that the questionnaire constituted mainly of 
“inadequate self-efficacy” and “perception of stress discomfort” 
factors (13). A positive feedback mechanism might underlie the 
current correlations, i.e. “patients with BPS who have increasing 
pain and feel that they have problematic bladder complaints are 
also exposed to higher perceived stress level”.

Study Limitations

First, the ICSI and ICPI questionnaires that were used were not 
linguisticaly validated. Second, we did not perform cystoscopy on 
all patients during the diagnostic evaluation of the case group.

Conclusion

Acidic urine pH and higher perceived stress levels are associated 
with the presence of BPS. Perceived stress independent from 
urine pH is related to BPS symptoms in a bidirectional manner. 
Physicians should take spot urine pH and perceived stress levels 
into account during decision making while evaluating patients 
with BPS. Furthermore, prospective placebo-controlled trials are 
needed to determine the therapeutic relevance of urinary pH 
and stress modifiers.
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Appendix A

Interstitial Cystitis Symptom Index (ICSI)

During the past month:

How often have you felt the strong need to urinate with little or no warning?

0. Not at all

1. Less than 1 time in 5

2. Less than half the time

3. About half the time

4. More than half the time

5. Almost always

Have you had to urinate less than 2 hours after you finished urinating?

0. Not at all

1. Less than 1 time in 5

2. Less than half the time

3. About half the time

4. More than half the time

5. Almost always

How often did you most typically get up at night to urinate?

0. None

1. Once

2. 2 times

3. 3 times

4. 4 times

5. 5 or more times

Have you experienced pain or burning in your bladder?

0. Not at all

1. A few times

2. Almost always

3. Fairly often

4. Usually

 

Add the numerical values of the checked entries. 

Total score
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Appendix B

Interstitial Cystitis Problem Index (ICPI)

During the past month, how much has each of the following been a problem for you:

Frequent urination during the day?

0. No problem

1. Very small problem

2. Small problem

3. Medium problem

4. Big problem

Getting up at night to urinate?

0. No problem

1. Very small problem

2. Small problem

3. Medium problem

4. Big problem

Need to urinate with little warning?

0. No problem

1. Very small problem

2. Small problem

3. Medium problem

4. Big problem

Burning, pain, discomfort, or pressure in your bladder?

0. No problem

1. Very small problem

2. Small problem

3. Medium problem

4. Big problem

Add the numerical values of the checked entries. 

Total score


