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Abstract

Background: Although the etiology of bladder pain syndrome/interstitial cystitis (BPS/IC) is still unclear, a common theme
with BPS/IC patients is comorbid disorders which are related to the autonomic nervous system that connects the nervous
system to end-organs. Nevertheless, no study to date has reported the association between hyperthyroidism and BPS/IC. In
this study, we examined the association of IC/BPS with having previously been diagnosed with hyperthyroidism in Taiwan.

Design: Data in this study were retrieved from the Longitudinal Health Insurance Database. Our study consisted of 736
female cases with BPS/IC and 2208 randomly selected female controls. We performed a conditional logistic regression to
calculate the odds ratio (OR) for having previously been diagnosed with hyperthyroidism between cases and controls.

Results: Of the 2944 sampled subjects, there was a significant difference in the prevalence of prior hyperthyroidism
between cases and controls (3.3% vs. 1.5%, p,0.001). The conditional logistic regression analysis revealed that compared to
controls, the OR for prior hyperthyroidism among cases was 2.16 (95% confidence interval (CI): 1.27,3.66). Furthermore, the
OR for prior hyperthyroidism among cases was 2.01 (95% CI: 1.15,3.53) compared to controls after adjusting for diabetes,
coronary heart disease, obesity, hyperlipidemia, chronic pelvic pain, irritable bowel syndrome, fibromyalgia, chronic fatigue
syndrome, depression, panic disorder, migraines, sicca syndrome, allergies, endometriosis, and asthma.

Conclusions: Our study results indicated an association between hyperthyroidism and BPS/IC. We suggest that clinicians
treating female subjects with hyperthyroidism be alert to urinary complaints in this population.
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Introduction

Hyperthyroidism is one of the most common endocrine

disorders, defined as an excess production of triiodothyronine

(T3) hormone and an increase in peripheral thyroxine (T4) [1,2].

Hyperthyroidism is nearly 10-times more common in women than

men, and its incidence increases with advancing age [3,4]. The

hyperthyroidism status can enhance the cellular response to

adrenergic activity, causing an increase in sympathetic activity and

a decrease in parasympathetic activity [5]. Various clinical

presentations and nosologic subtypes with different etiologies can

cause overt and subclinical hyperthyroidism [6,7].

It is well documented in the literature that features of

hyperthyroidism, such as depression and anxiety, may be similar

to those observed in patients with psychiatric disease [8,9].

Evidence also suggests that psychological disturbances, bladder

problems, and other pain disorders may share a common etiology

[10,11]. Moreover, Watkins et al. found morbidity and a poor

quality of life (QOL) associated with patients who had interstitial

cystitis/bladder pain syndrome (BPS/IC) and depressive or

anxiety disorders [12].

IC/BPS is a chronic pain syndrome of unknown etiology,

characterized by pain perceived to originate from the bladder,

urinary urgency and frequency, and nocturia [13]. It primarily

affects women and has a marked effect on their QOL [14,15]. The

prevalence of IC/BPS is 0.45%,12.6% depending upon meth-

odological factors, such as the index or scale used for the diagnosis

[16,17]. Although the etiology of IC/BPS is still unclear, a

common theme with BPS/IC patients is comorbid disorders that

may be related to the autonomic nervous system which connects

the nervous system to end-organs [18].

Nevertheless, no study to date has reported the association

between hyperthyroidism and BPS/IC. In order to both fill this

gap in the literature and add to knowledge surrounding the

association of IC/BPS with hyperthyroidism, we examined the

association between IC/BPS and having previously been diag-

nosed with hyperthyroidism in Taiwanese women.
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Methods

Database
Data used in this case-control investigation were retrieved from

the Longitudinal Health Insurance Database (LHID2000). The

LHID2000, which was derived from the Taiwan National Health

Insurance (NHI) program (with about a 98.5% coverage rate since

its inception in 1995), includes all original medical claims for one

million selected enrollees. These one million enrollees were

randomly retrieved from all enrollees listed in the 2000 Registry

of Beneficiaries (n = 23.72 million) under the Taiwan NHI

program. The LHID2000 provides researchers an opportunity

to trace all use of medical services for these 106 enrollees since

initiation of the NHI program in 1995. The Taiwan National

Health Research Institute and some researchers have validated the

representativeness of the LHID2000 relative to the entire

population of NHI enrollees [19,20]. Numerous studies employing

the LHID2000 were published in internationally peer-reviewed

journals [21].

This study was exempt from full review by the Institutional

Review Board of Taipei Medical University because the

LHID2000 consists of de-identified secondary data released to

the public for research purposes.

Study Sample
For cases in this case-control study, we first identified 1102

female subjects aged $18 years who had received their first-time

diagnosis of BPS/IC (ICD-9-CM code 595.1 (chronic interstitial

cystitis)) in an ambulatory care visit (including outpatient

departments of hospitals and clinics) from January 1, 2001 to

December 31, 2011. In order to increase the diagnosis validity of

BPS/IC, this study only included cases who had ever received

CystistatH (sodium hyaluronate) treatment (n = 736). Under the

Taiwan NHI program, prescriptions for CystistatH are exclusively

reserved for subjects diagnosed with BPS/IC. The NHI Bureau

implements routine, sample cross-checks of each hospital’s claims

with medical charts, followed by punitive measures for coding

infractions, which deters diagnosis upcoding. Therefore, it is

almost impossible that anyone without a clear diagnosis of BPS/IC

would be eligible for this treatment. For cases, we assigned their

first date of receiving a diagnosis of BPS/IC as the index date.

As to the selection of controls, we likewise retrieved subjects

from the remaining enrollees in the registry of beneficiaries of the

LHID2000. We excluded subjects who had ever received a

diagnosis of BPS/IC since initiation of the NHI program in 1995.

In total, 2208 female subjects (three for every subject with BPS/

IC) were randomly selected to match the cases by age group

(18,29, 30,39, 40,49, 50,59, 60,69 and .69 years), monthly

income, geographic region (northern, central, eastern, and

southern Taiwan), and index year. For cases, the year of the

index date was the year in which the subjects received their first

diagnosis of IC/PBS. However, for controls, the year of the index

date was simply a matched year in which subjects had visited a

physician. We indicated the date of their first visit of a physician

occurring during that matched year as the index date for controls.

Exposure Assessment
We included cases with hyperthyroidism based on the principal

diagnosis of ICD-9-CM code hyperthyroidism (ICD-9-CM code

242, thyrotoxicosis with or without goiter). In Taiwan, hyperthy-

roidism is generally diagnosed by specialists in endocrinology. In

this study, we only selected cases with hyperthyroidism who had

received two or more hyperthyroidism diagnoses prior to the index

date, with at least one being made by a specialist in endocrinology.

Statistical Analysis
The SAS statistical package (SAS System for Windows, vers.

8.2, Cary, NC, USA) was used to perform all statistical analyses.

We used Pearson x2 tests to compare differences between cases and

controls in terms of selected comorbidities (diabetes, coronary

heart disease (CHD), obesity, hyperlipidemia, chronic pelvic pain

(CPP), irritable bowel syndrome (IBS), fibromyalgia, chronic

fatigue syndrome (CFS), depression, panic disorder, migraines,

sicca syndrome, allergies, endometriosis, and asthma). We selected

these comorbidities because of their potential associations with

IC/PBS based on prior studies [22,23]. We further performed a

conditional logistic regression (conditioned on age group, monthly

income, geographical location, and index year) to calculate the

odds ratio (OR) for having been previously diagnosed with

hyperthyroidism between cases and controls. The conventional

p#0.05 was used to assess statistical significance.

Results

Table 1 shows the distributions of sociodemographic charac-

teristics and comorbidities between cases and controls. After

matching for age group, monthly income, geographic region, and

index year, subjects with BPS/IC had higher prevalences of the

comorbidities of CHD (p = 0.004), hyperlipidemia (p = 0.043), CPP

(p,0.001), IBS (p,0.001), fibromyalgia (p,0.001), depression

(p,0.001), migraines (p,0.001), sicca syndrome (p = 0.014),

allergies (p,0.001), and asthma (p,0.001) than controls.

Table 2 presents the prevalences of prior hyperthyroidism

between cases and controls. Of the 2944 sampled subjects, 58

(2.0%) had received a hyperthyroidism diagnosis before the index

date. There was a significant difference in the prevalence of prior

hyperthyroidism between cases and controls (3.3% vs. 1.5%,

p,0.001). A conditional logistic regression analysis (conditioned

on age group, monthly income, geographic location, and index

year) revealed that compared to controls, the OR for prior

hyperthyroidism among cases was 2.16 (95% confidence interval

(CI): 1.27,3.66). Furthermore, the OR for prior hyperthyroidism

among cases was 2.01 (95% CI: 1.15,3.53) than controls after

adjusting for diabetes, CHD, obesity, hyperlipidemia, CPP, IBS,

fibromyalgia, CFS, depression, panic disorder, migraines, sicca

syndrome, allergies, endometriosis, and asthma.

Table 3 displays the OR for prior hyperthyroidism among the

sampled subjects according to age group. Among subjects aged

$60 years, the OR for prior hyperthyroidism among cases was as

high as 2.59 (95% CI: 1.01,6.79) compared to controls after

adjusting for diabetes, CHD, obesity, hyperlipidemia, CPP, IBS,

fibromyalgia, CFS, depression, panic disorder, migraines, sicca

syndrome, allergies, endometriosis, and asthma. However, among

subjects aged 18,39 years, there was no increased adjusted OR

for prior hyperthyroidism among cases compared to controls.

Discussion

To the best of our knowledge, this is the first large-scale

population-based study that investigated the relationship between

BPS/IC and hyperthyroidism. Our results demonstrated that

patients with BPS/IC were 2.16-times more likely than controls to

have had a previous diagnosis of hyperthyroidism. Even after

adjusting for comorbid conditions, BPS/IC subjects were still at

2.01-times greater risk than comparison subjects for prior

hyperthyroidism. We also independently investigated the associ-

ated between BPS/IC and hyperthyroidism of each age group. We

found that among subjects aged $60 years, the OR for prior

hyperthyroidism among cases was as high as 2.59 (95% CI:
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1.01,6.79) compared to controls after adjusting for comorbid

conditions.

While there are no data available indicating any direct causality

between BPS/IC and hyperthyroidism, we speculated that the

association detected in this study may be due to shared risk.

Previous studies reported that hyperthyroidism and anxiety have

overlapping features [8,24,25]. A study by Kathol and Delahunt,

found that anxiety in approximately half of patients with newly

diagnosed and untreated hyperthyroidism [25]. That brings to

mind how the concurrent presence of somatic thyroid symptoms

artificially inflates levels of depression and anxiety. Rodewig stated

that psychological symptoms in hyperthyroidism were similar to

neurotic anxiety symptomatology and anxious depressive syn-

drome [26]. Furthermore, this raises the issue of concomitant

BPS/IC symptoms and psychological symptoms possibly being

widely prevalent. One review by Von Korff and Simon suggested

that pain is associated with anxiety disorders and that anxiety

symptoms such as worry and disturbed sleep are common among

pain patients [27].

Table 1. Demographic characteristics of patients with bladder pain syndrome/interstitial cystitis (BPS/IC) and controls in Taiwan in
2001,2011 (n = 2944).

Variable Patients with BPS/IC (n = 736) Controls (n = 2208) p value

Total no. Percent (%) Total no. Percent (%)

Urbanization level 0.634

1 (highest) 261 35.5 747 33.8

2 208 28.3 618 28.0

3 95 12.9 320 14.5

4 102 13.8 286 13.0

5 (lowest) 70 9.5 237 10.7

Diabetes 115 15.6 309 14.0 0.275

Coronary heart disease 115 15.6 254 11.5 0.004

Obesity 10 1.4 21 1.0 0.348

Hyperlipidemia 160 21.7 405 18.3 0.043

Chronic pelvic pain 242 32.9 395 17.9 ,0.001

Irritable bowel syndrome 93 12.6 119 5.4 ,0.001

Fibromyalgia 256 34.8 526 23.8 ,0.001

Chronic fatigue syndrome 10 1.4 15 0.7 0.082

Depression 89 12.1 143 6.5 ,0.001

Panic disorder 7 1.0 12 0.5 0.232

Migraines 56 76 84 3.8 ,0.001

Sicca syndrome 16 2.2 22 1.0 0.014

Allergies 26 3.5 32 1.5 ,0.001

Endometriosis 23 3.1 50 2.3 0.194

Asthma 79 10.7 149 6.8 ,0.001

doi:10.1371/journal.pone.0072284.t001

Table 2. Prevalence, and crude and adjusted odds ratios (ORs) for prior hyperthyroidism among the sampled patients.

Presence of prior hyperthyroidism Total (n = 2944)

Patients with bladder pain
syndrome/interstitial cystitis
(n = 736) Controls (n = 2208)

n, Percent 9%) n, Percent (%) n, Percent (%)

Yes 58 2.0 24 3.3 34 1.5

No 2,886 98.0 712 96.7 2,174 98.5

Crude OR (95% CI) – 2.16** (1.27–3.66) 1.00

Adjusted OR (95% CI)a – 2.01* (1.15–3.53) 1.00

CI, confidence interval; ORs were calculated by a conditional logistic regression which was conditioned on age, monthly income, and geographic region group.
*p,0.05;
**p,0.01.
aAdjusted for patient’s urbanization level, diabetes, coronary heart disease, obesity, hyperlipidemia, chronic pelvic pain, irritable bowel syndrome, fibromyalgia, chronic
fatigue syndrome, depression, panic disorder, migraines, sicca syndrome, allergies, endometriosis, and asthma.
doi:10.1371/journal.pone.0072284.t002
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Moreover, changes in fluid excretion in hyperthyroidism and

BPS/IC may serve as a mechanism for urinary frequency. Evered

et al. suggested that urinary frequency in hyperthyroid patients

may be a consequence of polyuria [28]. Hyperthyroidism is also

associated with hyperdynamic circulation, which results in

increased renal blood flow and an increased incidence of polyuria

[29]. Moreover, the International Continence Society identifies

BPS/IC as a complaint of suprapubic pain related to bladder

filling, accompanied by other symptoms such as increased daytime

and nighttime frequency, in the absence of proven urinary

infection or other obvious pathology [30]. A prospective study of

15 patients showed that the mean daytime urinary frequency was

20 (range 7,30) times, and after treatment, the average frequency

of daytime urination was cut approximately in half [31]. The

symptom of urinary frequency might be a shared risk between

hyperthyroidism and BPS/IC. Furthermore, an imbalance of the

automatic nervous system might be another pathogenic factor.

Although the mechanism is still unclear, Chelimsky et al.

suggested that patients with IC/BPS had comorbid autonomic

nervous system disorders [18], and Ho et al. also indicated that the

symptoms and signs of hyperthyroidism are thought to result from

an imbalance of the automatic nervous system [32].

The principal strength of our study lies in its longitudinal and

large population database, which enabled us to trace all cases of

hyperthyroidism and IC/BPS during the study period and avoided

problems of selection biases inherent in studies utilizing data taken

from voluntary registries or hospital-referred study patients.

Nevertheless, this study needs to be seen in the light of some

limitations. First, hyperthyroidism and BPS/IC diagnoses from the

database were reported by physicians and hospitals through ICD-

9-CM codes, and may thus be less accurate than diagnoses made

according to standardized criteria. However, we only included IC/

BPS patients who had ever received CystistatH, which is

exclusively reserved for subjects diagnosed with BPS/IC. Further-

more, the NHI Bureau uses punitive measures for coding

infractions to deter diagnosis upcoding. Second, we have limited

information about the clinical characteristics of the women with

BPS/IC used in this study, and were therefore unable to

differentiate study participants according to the severity of their

BPS/IC and were unable to evaluate whether subjects with more-

severe BPS/IC had a higher risk of prior hyperthyroidism than

those with mild BPS/IC. Last, this study might have suffered from

some degree of a surveillance bias. As subjects with hyperthyroid-

ism are more likely to have more-frequent checkups than healthy

controls, it is possible that they were more likely to be diagnosed

with BPS/IC purely on account of their increased exposure to the

medical community. But, as BPS/IC is accompanied by both pain

and increased urgency, and is only diagnosed in the absence of a

urinary infection or other pathology, it is unlikely that subjects

without hyperthyroidism would have been less likely to seek

medical care.

Despite these limitations, our study revealed that there was an

association between hyperthyroidism and BPS/IC after adjusting

for comorbid conditions. We suggest that clinicians treating female

subjects with hyperthyroidism be alert to urinary complaints in this

population. In addition, the specific mechanisms which underlie

this relationship are still unknown. Further study is needed to

confirm our findings and explore the underlying pathomechan-

isms.
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