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Abstract

To investigate the risks of overactive bladder (OAB) and bladder pain syndrome/interstitial
cystitis (BPS/IC) in primary Sjégren’s syndrome (pSS) patients. A nationwide, population-
based cohort study was conducted using data from Taiwan’s National Health Insurance
Research Database. From 2001 to 2010, participants with newly diagnosed pSS were rec-
ognized as the study group. In addition, a comparison cohort of non-pSS participants was
matched for age, gender, and initial diagnosis date. Risks of developing OAB and BPS/IC in
pSS patients of different age, sex, and various therapeutic strategies were calculated. Haz-
ard ratios (HR) and a 95% confidence interval (Cl) were analyzed by Cox proportional haz-
ard model. In total, 11,526 pSS patients were recognized. The HRs of OAB and BPS/IC in
pSS patients were 1.68 (95% C.I.: 1.48—-1.91, p<0.01) and 2.34 (95% C.1.: 1.59-3.44,
p<0.01), respectively. The risks of OAB and BPS/IC were significantly increased for pSS
patients aged < 65 years (HR: 1.73 and 2.67), female patients (HR: 1.74 and 2.34), and
patients requiring treatment for dry eyes and dry mouth (HR: 2.06 and 2.93). pSS patients
exhibited an increased risk of OAB and BPS/IC. Female gender, younger age, and severe
glandular dysfunction requiring treatments were potential risk factors.

Introduction

Primary Sjogren’s syndrome (pSS) is a systemic inflammatory autoimmune disease primarily
affecting lacrimal and salivary glands. It is estimated to affect 0.9-6 per 1000 individuals, with
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female predominance and is typically diagnosed in the 4™ and 5™ decade of life.[1] Up to 98%
of patients suffer from dry eyes or dry mouth. Female patients may also experience dyspareu-
nia due to vaginal dryness. Approximately 50% of patients develop extraglandular manifesta-

tions, including musculoskeletal, hepatic, renal, pulmonary, and neurologic involvements.[2]

In addition, bladder disorders may occur in pSS patients.[3]

Overactive bladder (OAB) is described as a syndrome with clinical manifestations of uri-
nary urgency, frequency and nocturia. For lack of bladder infection or other overt pathology,
OAB may also exhibit with or without urge urinary incontinence. Interstitial cystitis (IC), i.e.
bladder pain syndrome (BPS), is a disease characterized by chronic bladder pain, increased
urinary urgency as well as frequency. The overall prevalence of BPS/IC is 10.6 cases per 10
patient-year (women: 45 per 10° patient-year and men: 8 per 10° patient-year).[4] Although
functional somatic syndromes are closely associated with BPS/IC, the etiology of OAB and
BPS/IC remains incompletely understood and is considered to be multifactorial.[5]

In 1993, van de Merwe was the first to report an association between pSS and BPS/IC.[6]
Moreover, urinary dilatation may also occur in pSS patients with BPS/IC, leading to obstruc-
tive renal insufficiency.[7] A hospital-based study also showed that the prevalence of OAB
symptoms was more frequently encountered in pSS patients.[3] It was proposed that autoanti-
bodies binding to the M; muscarinic receptor (M3R) of SS patients may cause exocrine dys-
function and lead to bladder detrusor smooth muscles contraction. Furthermore, acute
urination symptoms and late inflammatory changes may be observed in the urinary bladder.
[8] However, large-scale, population-based studies of pSS-related bladder disorders are lack-
ing. This study aimed to investigate the association between pSS, OAB, and BPS/IC using a ret-
rospective nationwide cohort.

Material and methods
Data source

A population-based retrospective cohort study was conducted using Taiwan’s National Health
Insurance Research Database (NHIRD), which includes registry for beneficiaries, original
claim data of inpatient and ambulatory care, prescriptions at pharmacies, registry for medical
facilities and board-certified specialists from 2001 to 2013. More than 98% of the citizens in
Taiwan are included under the National Health Insurance program. All medical claims for
outpatient and inpatient services are stored in the NHIRD. The Longitudinal Health Insurance
Database (LHID), a subset of the NHIRD comprising medical claims of 1,000,000 systemati-
cally and randomly selected enrollees from the NHIRD, was used in this study. The Bureau of
National Health Insurance (BNHI) insured the integrity and correctness of the claims data-
bases. This study was approved by the Institutional Review Board of Taichung Veterans Gen-
eral Hospital, Taiwan (CE17178A). As the NHIRD contains de-identified and anonymous
claim data opened to the academic community for epidemiological studies, informed consent
from each participant was exempted.

Participants

In this study, we enrolled a study group and a comparison group (Fig 1). All patients with the
diagnosis of pSS by (International Classification of Diseases, 9th Revision, Clinical Modifica-
tion [ICD9-CM] Code 710.2) during the period 2001-2010 were enrolled in the study cohort.
The first outpatient visit with a ICD9-CM code for pSS in the same period was defined as the
index date for the study cohort. In order to enroll new pSS subjects for analysis the hazard
ratio of OAB and BPS/IC, those who had been diagnosed with pSS before January 1, 2001 were
excluded. Subjects younger than 18 years or without sex data were excluded. The confirmation
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Newly diagnosed pSS patients
from 2001 to 2010
(h=12041)

Excluded the patents (n = 515)

1) age <18 or missing gender information

2) with a history of OAB or BPS/IC

3) systemic autoimmune diseases other than pSS

A\ 4
Age > 18, newly-diagnosed pSS
patients from 2001 to 2010

[n=11526) Dataset without pSS
(n=1,000,000)
Matched by age, gender and
< pSS diagnosis year >
A4 A4
pSS cohort Comparison cohort
(n=11526) (n=115260)

Fig 1. Flow chart for study population selection. pSS: Primary Sjogren syndrome; OAB: overactive bladder; BPS:
bladder pain syndrome; IC: interstitial cystitis.

https://doi.org/10.1371/journal.pone.0225455.9001

of pSS diagnosis was also guaranteed by the catastrophic illness certificates, which requires an
evaluation by two independent rheumatologists. Participants with a prior diagnosis of either
BPS/IC or OAB before the index date were excluded. Subjects with a systemic autoimmune
disease diagnosis other than pSS during 2001-2010 were not included for further analysis. The
study cohort included 11,526 newly diagnosed pSS subjects.

The comparison cohort without pSS was selected individually to match the pSS cohort
(1:10) for age at disease onset, sex and year of index date. We excluded subjects with outpatient
claim data less than 3 years after the index date. Totally, 115,260 patients without pSS were
comprised of the comparison cohort. The study cohort and comparison cohort were followed
up until December 31, 2013 or until either BPS/IC or OAB, occurred.

Study outcomes

The occurrence of either BPS/IC or OAB was defined as the primary outcome. For BPS/IC
(ICD9-CM code 595.1) and OAB (ICD0-CM code 596.51, 596.54, 596.55, 596.59, 788.31,
788.33, 788.34, 788.39), subjects should have at least three outpatient or one inpatient diagno-
sis. Subjects with OAB were also confirmed by records of treatment by flavoxate, imipramine,
oxybutynin, propiverine, solifenacin, tolterodine, mirabegron or trospium for more than 30
days.

Comorbidities and pharmacological treatment

Hypertension (ICD9-CM code 401-405), coronary artery disease (CAD, 410-414), type 2 dia-
betes mellitus (DM, 250), chronic pelvic pain (CPP, 625.9), chronic fatigue syndrome (CES,
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780.71), depression (296.2, 296.3, 296.5, 300.4, 309, 311), anxiety (300.0, 300.2, 300.3,
308.3,309.81), migraine (346), fibromyalgia (729.0, 729.1), irritable bowel syndrome (IBS,
564.1), asthma (493), sleep apnea (780.51,780.53,780.57), and hyperthyroidism (242) were
identified as comorbid medical disorders.[9] Comorbidities were categorized if these diagnos-
tic codes were found in = 2 outpatient claims six months before and after the index date. Phar-
macologic treatment for pSS was also included. Pilocarpine, cevimeline and saliva substitute
were defined as treatment for dry mouth, while artificial tears were categorized as treatment
for dry eyes.

Statistical analysis

Independent t test was used to examine the unadjusted comparisons of categorical variables.
Cox proportional hazard model was used to study hazard ratios (HR) of incident OAB and
BPS/IC a with a 95% confidence interval (95% CI). Age, sex and comorbidities were adjusted
for. Log-rank test was applied for the comparisons of the Kaplan—Meier survival analysis. All
data were analyzed using SAS software version 9.1 (SAS System for Windows, SAS Institute,
Cary, N.C., USA). A significance level was set at of p<0.05.

Results
Demographic data

In total, our study included 11526 cases and 115260 controls (Table 1). The comorbidities of
CAD, CPP, depression, anxiety, migraine, fibromyalgia, UTI, IBS, asthma, sleep apnea, and
hyperthyroidism were significantly higher in the pSS cohort compared their counterpart.

Risks of OAB and BPS/IC

Compared with the comparison cohort, pSS patients exhibited significantly increased risks of
OAB (Table 2, adjusted hazard ratio, aHR: 1.68, 95% C.L.: 1.48-1.91, p<0.01) and BPS/IC
(aHR: 2.34, 95% C.I.: 1.59-3.44, p<0.01). Fig 2 shows the disease-free survival curves of OAB
and BPS/IC using the Kaplan—Meier method. The five-year OAB and BPS/IC-free survival
rates for the pSS cohort were significantly lower compared to the control cohort (p<0.01 by
Log-Rank test, respectively).

We further analyzed the risks of OAB and BPS/IC between pSS patients and the control
group by age and sex (Table 3). When compared with the non-pSS group, pSS patients
aged < 65 years showed consistently higher risks of OAB (aHR: 1.73, 95% C.1.: 1.45-2.06,
p<0.01) and BPS/IC (aHR: 2.67, 95% C.1.: 1.73-4.12, p<0.01). However, risk of BPS/IC in par-
ticipants aged >65 years was similar in both groups. Moreover, female pSS patients exhibited
increased risks of OAB (aHR: 1.74, 95% C.I.: 1.52-2.00, p<0.01) and BPS/IC (aHR: 2.34, 95%
C.L: 1.59-3.44, p<0.01) when compared with the non-pSS group. On the other hand, male
participants did not show significantly increased risks of bladder irritation syndromes
(p = 0.09).

Comparison of risks of OAB and BPS/IC by pSS-specific treatments

To investigate whether pSS-specific treatments may be associated with bladder symptoms, we
further analyzed risks of OAB and BPS/IC by various therapeutic strategies (Table 4). Interest-
ingly, we found that pSS subjects with either treatment for dry eye or both treatment for dry
eye and dry mouth had higher risks of bladder irritation symptoms. However, treatment of
dry mouth alone was not significantly associated with risks of OAB and BPS/IC.
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Table 1. Comparisons of demographic data between pSS and comparison cohorts.

Comparison cohort PSS cohort p value
N =115260 N =11526

Age, year (SD) 53.8 (14.2) 53.8 (14.1) 0.68

Sex >0.99
Female 102260 (88.7) 10226 (88.7)
Male 13000 (11.3) 1300 (11.3)

Comorbidity
Hypertension 38677 (33.6) 3874 (33.6) 0.91
CAD 19048 (16.5) 2652 (23.0) <0.01
DM 18136 (15.7) 1752 (15.2) 0.13
CPP 258 (0.22) 49 (0.43) <0.01
CES 224 (0.19) 33 (0.29) 0.04
Depression 7449 (6.46) 1792 (15.6) <0.01
Anxiety 16577 (14.4) 3519 (30.5) <0.01
Migraine 4229 (3.67) 868 (7.53) <0.01
Fibromyalgia 27373 (23.8) 5064 (43.9) <0.01
IBS 6558 (5.69) 1539 (13.4) <0.01
Asthma 9008 (7.82) 1446 (12.6) <0.01
Sleep apnea 340 (0.29) 99 (0.86) <0.01
Hyperthyroidism 2774 (2.41) 722 (6.26) <0.01

Data expressed as case number (percentage)
pSS: Primary Sjogren syndrome; SD: standard deviation; CAD: coronary artery disease; DM: type 2 diabetes mellitus; CPP: chronic pelvic pain; CFS: chronic fatigue

syndrome; IBS: irritable bowel syndrome

https://doi.org/10.1371/journal.pone.0225455.t001

Discussion

In this study, we showed that pSS patients exhibited significantly higher risks of bladder irrita-
tion symptoms compared with the control cohort using a large-scale, population-based data-
base. Moreover, female gender, age younger than 65 years, and co-administration with
treatment for sicca complex were associated with the development of OAB and BPS/IC. These
novel findings suggest a possible pathogenic mechanism underlying the association of pSS and
bladder irritation symptoms.

Previous study suggested that the rate of OAB was 56% in pSS patients and 22.7% in the
comparison group.[3] We found that the risks of developing OAB in pSS patients was
1.68-fold compared with non-pSS patients. The possible mechanism of OAB development in

Table 2. Risks of OAB and BPS/IC among pSS and comparison cohorts.

Comparison cohort PSS cohort Crude HR Adjusted HR p value

Event PYs Rate Event PYs Rate (95% CI) (95% CI)
Total population 1519 783936 19.4 352 76496 46.0 2.38(2.12-2.67) 1.74(1.54-1.96) <0.01
OAB 1443 784229 18.4 323 76645 42.1 2.29(2.03-2.59) 1.68(1.48-1.91) <0.01
BPS/IC 110 789256 1.39 39 77650 5.02 3.61(2.50-5.20) 2.34(1.59-3.44) <0.01

Adjusted for age, gender and comorbidities (hypertension, coronary artery disease, type 2 diabetes mellitus, chronic pelvic pain, chronic fatigue syndrome, depression,

anxiety, migraine, fibromyalgia, urinary tract infection, irritable bowel syndrome, asthma, sleep apnea, hyperthyroidism)

PYs: person-years; Rate: per 10000 PYs; pSS: Primary Sjégren syndrome; OAB: overactive bladder disorder; BPS: bladder pain syndrome; IC: interstitial cystitis

CI: confidence interval; HR: hazard ratio by Cox proportional hazard model

https://doi.org/10.1371/journal.pone.0225455.t1002
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Table 3. Risks of OAB and BPS/IC among SS and comparison cohorts by age and gender.

A

0.92 0.94 0.96
1 1 1

0.90
1

—— Comparison cohort
- pSS cohort

Log-Rank test, p<0.01

Time (years)

Probability of OAB and BPS/IC-free survival

0.92 0.94 0.96

0.90

Probability of OAB-free survival

—— Comparison cohort =

- pSS cohort

Log-Rank test, p<0.01

Time (years)

C Probability of BPS/IC-free survival

0.998  1.000

0.996
L

0.994

0.992

0.990
1

- pSS cohort

Comparison cohort

Log-Rank test, p<0.01

Time (years)

Fig 2. Comparisons of probabilities of (A) OAB and BPS/IC-free, (B) OAB-free, (C) BPS/IC-free survival between pSS and
comparison cohorts. pSS: Primary Sjogren syndrome; OAB: overactive bladder; BPS: bladder pain syndrome; IC: interstitial cystitis.

https://doi.org/10.1371/journal.pone.0225455.9002

PSS patients might be related to anti-M;R IgG.[10] The M3R is located not only in salivary
glands and conjunctiva but also in the detrusor muscle layers of the urinary bladder. The cho-
linergic activity of M3R has been reported to mediate contraction of smooth muscle in urinary
bladder.[11] Wang et al. passively transferred inhibitory immunoglobulins with anti-M3;R
activity from pSS patients into mice. An increased detrusor muscle contraction in response to
cholinergic stimulation with increased expression of M3R in the urinary bladder was observed.
Therefore, cholinergic responses were enhanced during detrusor contraction and bladder

Comparison cohort pSS cohort Adjusted HR p value
Event Rate Event Rate (95% CI)
Age group”
<65 Total population 727 11.8 201 33.4 1.82(1.55-2.15) <0.01
OAB 665 10.8 176 29.2 1.73(1.45-2.06) <0.01
BPS/IC 81 1.31 33 5.42 2.67(1.73-4.12) <0.01
>65 Total population 792 47.0 151 92.7 1.57(1.32-1.88) <0.01
OAB 778 46.1 147 90.2 1.56(1.31-1.88) <0.01
BPS/IC 29 1.69 6 3.57 1.39(0.56-3.43) 0.48
Gender **
Female Total population 1236 17.7 306 44.9 1.80(1.58-2.05) <0.01
OAB 1160 16.6 277 40.6 1.74(1.52-2.00) <0.01
BPS/IC 110 1.57 39 5.64 2.34(1.59-3.44) <0.01
Male Total population 283 33.1 46 55.0 1.33(0.96-1.83) 0.09
OAB 283 33.1 46 55.0 1.33(0.96-1.83) 0.09
BPS/IC 0 0 0 0 - -

* Adjusted for gender and comorbidities (hypertension, coronary artery disease, type 2 diabetes mellitus, chronic pelvic pain, chronic fatigue syndrome, depression,

anxiety, migraine, fibromyalgia, urinary tract infection, irritable bowel syndrome, asthma, sleep apnea, hyperthyroidism)

** Adjusted for age and comorbidities

Rate: per 10000 PYs; pSS: Primary Sjogren syndrome; OAB: overactive bladder disorder; BPS: bladder pain syndrome; IC: interstitial cystitis; CI: confidence interval;

HR: hazard ratio by Cox proportional hazard model

https://doi.org/10.1371/journal.pone.0225455.t003
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Table 4. Risks of OAB and BPS/IC by Sjogren syndrome-specific treatment.

Treatment Total population OAB BPS/IC
Rate aHR Rate aHR Rate aHR
(95% CI) (95% CI) (95% CI)
Comparison cohort 19.4 reference 18.4 reference 1.39 reference
pSS cohort with
Dry mouth Tx* 46.4 1.76(0.92-3.40) 41.2 1.66(0.83-3.33) 5.11 2.60(0.36-18.8)
Dry eyes Tx** 37.4 1.43(1.20-1.71) 34.9 1.40(1.16-1.68) 4.32 2.13(1.24-3.64)
Both Tx 59.6 2.16(1.84-2.53) 53.4 2.06(1.74-2.43) 6.91 2.93(1.81-4.74)
Others 29.6 1.36(0.87-2.11) 29.6 1.43(0.92-2.23) 0 -

Adjusted for age, gender, and comorbidities (hypertension, coronary artery disease, type 2 diabetes mellitus, chronic pelvic pain, chronic fatigue syndrome, depression,

anxiety, migraine, fibromyalgia, urinary tract infection, irritable bowel syndrome, asthma, sleep apnea, hyperthyroidism)

PYs: person-years; Rate: per 10000 PYs

Tx: treatment

*Dry mouth Tx: cevimeline, pilocarpine, and saliva substitute

“*Dry eyes Tx: artificial tears

OAB: overactive bladder disorder; BPS: bladder pain syndrome; IC: interstitial cystitis; pSS: Primary Sjogren syndrome; CI: confidence interval; aHR: adjusted hazard

ratio by Cox proportional hazard model

https://doi.org/10.1371/journal.pone.0225455.t1004

dilatation. Moreover, xerostomia, a cardinal symptom of pSS patients, may lead to excessive
water intake, and consequently associated with OAB symptoms.[12]

In our study, we observed a 2.34-fold increased hazard ratio of BPS/IC in pSS patients. Van
de Merve et al. also proposed that clinicians should be aware of an increased risk of BPS/IC in
patients with pSS.[6] In addition, BPS/IC patients had relatively higher risks of developing pSS
than the general population.[5] Anti-M3R IgG of pSS patients might also be crucial to the
development of IC in both the early and late stages.[5] The detrusor muscle cells could produce
interleukin(IL)-8, IL-6, and CCL5/RANTES in response to tumor necrosis factor(TNF)-o, and
IL-1B.[13] In human airway smooth muscle cells, muscarinic receptor agonist may stimulate
M;R, leading to the secretion of IL-6 and CXCL8.[14] Similarly, an increased inflammatory
cytokines secretion from detrusor muscle cells was observed after a compensatory increase in
M;R expression caused by anti-M3;R IgG. Moreover, In a murine model, the mast cells may
induce IL-6, IL-8, and RANTES after the release of TNF-a and IL-1B.[15] Consequently, the
increase of inflammatory cytokines induced by autoantibodies may drive mast cells to the
bladder lamina propria of detrusor muscle, which is related to the pathogenesis of BPS/IC.[16]

It was reported that the mean age of BPS/IC among community-dwelling women who ful-
filled the RAND BPS/IC epidemiology case definition was in their forties using various case
definitions.[17] Moreover, pSS is prevalent in middle-aged females. Our study demonstrated
that female pSS patients aged less than 65 years were at higher risks of OAB and BPS/IC com-
pared with the geriatric group. In contrast, old age was associated with interstitial lung disease,
another extra-glandular manifestation of pSS patients.[18] It is not clear whether anti-M;R
IgG is differentially expressed in female SS patients of younger age. However, our findings sug-
gest that bladder irritation symptoms were most severe in this group of pSS patients. Future
study may be needed to elucidate the association of age, OAB, and BPS/IC in pSS patients.

Our results suggest that the risks of bladder irritation symptoms were increased in pSS
patients with treatment for sicca complex. Although a previous study suggested that the extent
of sicca symptoms in pSS patients was not related to serum IgG levels and the perceived ocular
sicca symptoms were not related to tear production.[19] However, a recent study suggested
that the presence of anti-Ro and La antibodies in tear fluid or serum was associated with the
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severity of keratoconjunctivitis sicca.[20] Furthermore, anti-M3;R expression was positively
correlated with anti-Ro antibodies, but negatively correlated with saliva flow rate.[21] The
association of pSS-specific treatment and bladder irritation in our study support the existence
of a shared pathology between sicca symptoms and bladder disorders. Rheumatologists should
question pSS patients with severe exocrine disorders to establish whether or not they have uri-
nary symptoms.

This study had a number of strengths. First, we used an administrative database to conduct
this nationwide, population-based cohort study. Thus, it may avoid selection bias in our inves-
tigation of the risks of bladder disorders in pSS patients with different ages, sexes, and specific
treatments. In contrast, previous studies were largely relied on personal experiences or reviews
of medical record in selected institutions with limited case numbers. The confounding effects
of comorbidities cannot be avoided.[3,5,22] However, the outcome used in our study was
defined by physicians’ diagnosis. The more a person sees a physician, the more likely other dis-
eases will be diagnosed. We cannot completely exclude substantial selection bias in this study.
Second, complete information on outpatient, inpatient, and prescriptions were provided by
the NHIRD, which meant that medical visits were not under-reported. Third, more than 98%
of the population in Taiwan are of Chinese Han ethnicity; therefore it ensured that race was
not a confounder. Fourth, the follow-up period was long enough for the manifestation of glan-
dular dysfunction.[23,24] However, this study had several limitations. First, it was unable to
assess treatment complications and the disease activities of pSS from the claims data. Second,
the accuracy of diagnoses was a potential concern. Miscoding or misclassification of diseases
may still have a chance to occur even though the BNHI regularly samples medical records to
verify claims from hospitals. However, we believed that the accuracy of pSS diagnoses was still
validated because the BNHI selects = 2 well-trained and experienced rheumatologists to
review patients’ medical records and laboratory data for confirming pSS diagnoses before issu-
ing a catastrophic illness certificate. Third, the prevalence of OAB and BPS/IC may have been
underestimated. Berry SH et al. showed that the prevalence of BPS/IC in the community ran-
ged from 2.7% to 6.5%.[17] However, only 0.46% of pSS patients and 0.19% of the comparison
cohort in our study were classified as having OAB or BPS/IC. The discrepancies of prevalence
rates might arise from different study designs and case definitions of questionnaires vs. claim
database. We cannot exclude the possibility that the OAB or BPS/IC rates in healthy controls
were also biased by under diagnosis. In view of the poor quality of life associated with OAB or
BPS/IC [25] and available therapies, educational programs involving physicians and pSS
patients would be helpful to minimize the knowledge gap. It is essential for rheumatologists to
work closely with specialists in other medical fields to enhance case identification and
treatment.

In conclusion, this nationwide, population-based study demonstrated an increased risk of
bladder irritation disorders in pSS patients. Female gender, young age, and severe glandular
dysfunction requiring treatment were potential risk factors. Greater awareness by clinicians
and patients is imperative to avoid underdiagnosis of this treatable disease.
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