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Background: Overactive bladder (OAB) syndrome is defined as urinary urgency, with or without urge incontinence in the absence of an underlying pathological or metabolic cause. Treatment for OAB involves anti-muscarinic agents and beta 3-adrenoceptor agonists. As a previous study showed that treatment may increase the risk of urinary tract infection (UTI), we conducted a nationwide, population-based, retrospective study to assess UTI risk associated with OAB medication adherence, and different types of OAB medication.
Methods: The source of data was medical records from National Health Insurance Research Database (NHIRD). Patients who were diagnosed with OAB in outpatient records from January 1, 2014 to December 31, 2016 were included. Outpatient visits included an attendance at primary care or the emergency department. The index date was the first prescription medication for OAB treatment after diagnosis. The targeted population was those diagnosed with OAB, and targeted drugs were anti-muscarinic agent (including flavoxate, oxybutynin, propiverine, solifenacin, tolterodine, and trospium) and mirabegron. Adherence was assessed based on the proportion of days covered in 12 months among mirabegron and anti-muscarinic agents. A multivariate Cox proportional-hazards model was used to compare the risk of UTI with OAB medication adherence, and different types of OAB medication.
Results: There were 39,975 outpatients diagnosed with OAB in the database from 2014 to 2016. Excluding those younger than 20 years old and for whom the information was incomplete in the database, 21,869 patients were included in the final OAB cohort. Overall, risk of UTI was not influenced by the targeted drugs or adherence during the follow-up period, regardless of UTI history or sex.
Conclusion: OAB is a common problem in Taiwan. After 12 months of follow-up, there was no difference between anticholinergic medications and beta-3 agonists, nor between high and low adherence in the risk of UTI.
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INTRODUCTION
Overactive bladder (OAB) syndrome is defined by the International Continence Society (ICS) as urgency, with or without urge incontinence, usually with increased daytime frequency and nocturia in the absence of pathologic or metabolic factors that would explain these symptoms (Nik-Ahd et al., 2018). OAB also is high in prevalence and commonly affects patients over the age of 40. The prevalence of those with OAB aged 40–44 years and older than 60 years is 10.8 and 27.9%, respectively, in Asia (Chuang et al., 2019). Despite the fact that OAB is a nonfatal disease, the symptoms may not be curable. In general, the symptoms impact the patient’s quality of life and are more likely to induce other diseases, such as urinary tract infection (UTI) (Nik-Ahd et al., 2018) or fracture (Szabo et al., 2018).
According to guidance from the American Urological Association/Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction, there are four lines of treatment to manage OAB (Lightner et al., 2019). The first-line treatment for OAB is behavioral treatment. Second-line treatments are medication and include anti-muscarinic agents and beta 3-adrenergic receptor agonist.
Anti-muscarinic agents approved for OAB and covered by the Taiwan National Health Insurance (NHI) program include oxybutynin, flavoxate, tolterodine, solifenacin, trospium, and propiverine (Athanasopoulos and Giannitsas, 2011). Mirabegron is a beta-3 adrenergic receptor agonist that causes relaxation of the detrusor smooth muscle during the storage phase of the urinary bladder and increases the bladder’s storage capacity, thereby reducing feelings of frequency and urgency (Takasu et al., 2007). To assess the long-term safety and efficacy of mirabegron and solifenacin in combination compared with monotherapy, a multicenter, randomized, double-blind, phase 3 trial (SYNERGY II) of patients with OAB symptoms including frequency and urgency with incontinence for more than 3 months reported treatment-emergent adverse events, such as UTI (Gratzke et al., 2018).
The mechanism of medication and UTI is not clear. There is documented data on mirabegron as well as solifenacin for a decrease of the volume of urinary retention, but some physicians may consider UTI risk when prescribing mirabegron and solifenacin. As uncontrolled symptoms of OAB may also induce infection, it is important to balance the treatment benefit when considering the risk of UTI with medication. The aim of our study was to examine the hazard of UTI with OAB medication adherence and comparing risk of UTI between anti-muscarinic agents and beta 3-adrenoceptor agonists.
MATERIALS AND METHODS
Data Source
Taiwan launched a single-payer National Health Insurance Program in 1995. The insurance program currently covers up to 99.7% of Taiwan’s population (Hsing and Ioannidis, 2015). In 2002, the government of Taiwan created a database, the National Health Insurance Research Database (NHIRD), to collect claim data from the NHI for research purposes.
Claim records of the full population database from January 1, 2014 to December 31, 2016 were accessed. The available data included outpatient, inpatient, and emergency visit records, prescription records, beneficiaries’ information, and death records.
This study was approved by the IRB of Kaohsiung Medical University Chung-Ho Memorial Hospital (KMUHIRB-EXEMPT(I)-20180041). Because patients’ data could not be identified, the requirement for informed consent was waived.
Study Design and Population
We conducted a nationwide, population-based retrospective study to estimate the incidence and hazard of outpatient visits or hospitalization due to UTI in the OAB population with different OAB medication adherence or different OAB medication exposure in Taiwan. The cohort included OAB patients stratified by whether the patients were diagnosed with UTI and using antibiotics within 1 year before the index date. Adherence to targeted drugs was divided into high and low adherence in 12 months. The patients were followed up for 1 year to assess UTI events.
Identification of the Overactive Bladder Cohort
Inclusion Criteria
Patients who were diagnosed with OAB (International Classification of Diseases, Ninth Revision [ICD-9] codes 59651 and ICD, 10th Revision [ICD-10] codes N3281) in outpatient records from January 1, 2014 to December 31, 2016 were included. The index date was the first prescription for medication to treat OAB after diagnosis. Considering the coverage by NHIs in Taiwan, we defined anti-muscarinic agents (including flavoxate, oxybutynin, propiverine, tolterodine, solifenacin, and trospium) and beta 3-adrenoceptor agonists (mirabegron) as targeted drugs. For patients who accepted the targeted drug in the observation period, the first drug prescribed was defined as the index drug.
Exclusion Criteria

1) Age less than 20 years old.
2) Data incomplete in Registry for Beneficiaries.
3) Diagnosed with stress incontinence or mixed incontinence within 365 days before the index date.
4) Accepted a procedure or surgery for relieving OAB symptoms within 1 year before the index date.
5) Died within 1 year after the index date.
6) Accepted any targeted drugs within 1 year before the index date.
7) Used combination therapy at the index date.
8) Did not accept any targeted drug.
9) UTI diagnosed within 30 days before follow-up (to avoid interference from previous infection).
High and Low Adherence
Adherence was measured by the proportion of days covered (PDC) within 12 months after the index date. According to a previous study, PDC≥0.8 represents the high-adherence group, whereas PDC<0.8 represents the low-adherence group (Karve et al., 2009).
Urinary Tract Infection History
We classified the population based on two indicators: UTI history and sex.
Patients diagnosed with UTI within 30 days before the start of the follow-up date were excluded to avoid interference from the last infection.
The remaining patients were assigned to a group depending on the diagnosis and medication records from 1 year before the index date to the start of the follow-up date. Patients diagnosed with UTI and prescribed systematic antibiotics regardless of inpatient or outpatient visit were classified as the ever had a UTI history group. In contrast, patients who did not have a UTI diagnosis record were classified as never having UTI history group. This stratification was performed because patients with a disease history were more likely to experience related infections again (Foxman, 2014).
Sex
Sex was the second stratification variable because the risk of UTI differs physiologically between males and females. Therefore, we stratified by sex to analyze the incidence rate and risk. According to UTI history and sex, the cohort for analyses focused on four different groups: ever had a UTI history group and never had a UTI group in males and females.
Outcomes
Definition of Event
The main events were outpatient visits or hospitalization due to UTI. We defined the start follow-up date as 1 year after the index date and the follow-up period as 1 year. In sensitivity analysis, we included no medication for comparison.
Measurement of Covariates
The main covariates included baseline characteristics, comorbidities, and comedication. Baseline characteristics included age, sex, and insurance premium. Age and sex were collected at the index date.
Statistical Analyses
In descriptive statistics, categorical variables were analyzed by chi-square tests, and the results are presented as percentages. Continuous variables, which are presented as the mean (SD), were analyzed by Student’s t-test. Incidence was estimated as the total number of events divided by the total person-years. The risk of UTI was calculated by Cox regression with time-dependent variables. The multivariate model was adjusted for baseline characteristics, comorbidities, and comedication. To reduce the influence of interaction and collinearity between covariates, a stepwise model was used to assess important factors. The probability for stepwise entry was 0.001, and that for removal was 0.05. The entry probability was calculated by dividing the number of adjusted factors by 0.05 to solve the collinearity problem. All the above analyses were performed with SAS 9.4 software. Statistical significance was two-tailed and α = 0.05.
Sensitivity Analyses
In subgroup analysis, we modified the cutoff point of high adherence as PDC ≧0.5 and low adherence as PDC<0.5 (Hsing and Ioannidis, 2015). The targeted drugs can be classified into two mechanisms: anti-muscarinic agents and beta 3-adrenoceptor agonist drugs. Our study compared the risk of UTI between these two mechanisms of drugs.
RESULTS
There were 39,975 outpatients diagnosed with OAB in the database from 2014 to 2016. After excluding those aged younger than 20 years old and for whom information was incomplete in the database, 38,538 patients were included in the OAB cohort. As outlined in the exclusion criteria, 2488 patients were diagnosed with mixed incontinence or stress incontinence, and 108 had ever accepted intradetrusor injection onabotulinum toxin A, operation, and incontinence stimulation; 626 patients died during the 1 year after the index date. Overall, 1794 patients accepted targeted drugs for OAB, and 358 were using combination therapy on the index date.
After screening medical records within 30 days before the start of follow-up, 602 patients were diagnosed with UTIs. The remaining 21,869 patients were evaluated for risk of UTI. We stratified the population by UTI history and sex, with 6212 (28.41%) and 15,687 (71.59%) patients in the UTI history and never had a UTI history groups, respectively. There were 905 (14.57%) males and 5307 (85.43%) females in the UTI group (Table 1) and 7530 (48.00%) males and 8127 (51.81%) females in the never had a UTI group (Table 2).
TABLE 1 | Baseline characteristics of the cohort, as stratified by sex and adherence in the ever had UTI history group.
[image: Table 1]TABLE 2 | Baseline characteristics of the cohort, as stratified by sex and adherence in the never had a UTI history group.
[image: Table 2]Regarding the UTI history group, high-adherence patients were significantly older than low-adherence patients, regardless of sex. In males, hypertension and benign prostate hypertrophy were more prevalent in high-adherence patients. In females, irritable bowel syndrome, obesity, anxiety, bipolar, schizophrenia, hematuria, urethral disorder, and acute cystitis were not significantly different between the high- and low-adherence groups. With respect to comedication, the high-adherence group was significantly more likely to be prescribed alpha blockers and calcium channel blockers, for both sexes in Table 1.
In the group of never had a UTI history, high-adherence patients were significantly older than low-adherence patients, regardless of sex. Regarding comorbidities, the prevalence of hypertension, diabetes, dementia, and urological tumors was greater in the high-adherence group, in both sexes. We also examined comedication, and the high-adherence group was more likely to be prescribed alpha blockers, 5 alpha reductase inhibitors, calcium channel blockers, imipramine, and duloxetine. The baseline characteristics of the cohort stratified by sex and adherence are given in Table 2.
Risk of Outpatient Visits Due to Urinary Tract Infection
In the UTI history group, 129 (15.32%) low-adherence and 6 (9.52%) high-adherence male patients experienced UTIs and sought care in the outpatient setting during the 1-year observation period. The rate was 24.51 per 100 person-years in the low-adherence group and 13.99 in the high-adherence group. In the female cohort, there were 1279 (24.72%) low-adherence and 30 (22.56%) high-adherence patients, with a mean follow-up time of 0.610 and 0.630 person-years, respectively. The rate was 40.51 per 100 person-years in the low-adherence group and 35.83 per 100 person-years in the high-adherence group. Overall, high-adherence patients had a lower incidence rate of outpatient visits due to UTIs than low-adherence patients, regardless of sex. Cox regression analysis estimated the risk of outpatient visits, which was 0.517 (p value = 0.1343) and 0.833 (p value = 0.3352) times in males and females, respectively, after adjusting for covariates in Table 1.
In males with never had a UTI history, 222 (3.27%) low-adherence and 24 (3.28%) high-adherence patients experienced UTIs with outpatient visits, for rates of 4.47 per 100 person-years and 4.65 in the low- and high-adherence groups, respectively. Among females, 785 (9.95%) low-adherence and 22 (9.32%) high-adherence patients were found, with incidence rates of 14.44 and 13.84 per 100 person-years, respectively. After adjusting for covariates in Cox regression, the risk was 0.723 (p value = 0.1463) and 0.970 (p value = 0.8901) times in males and females, respectively. Risk of mild UTI in the four stratified groups did not differ significantly between the high- and the low-adherence groups in Table 2.
Risk of Hospitalization Due to Urinary Tract Infection
For the UTI history group, in males, 45 (5.34%) low-adherence and 2 (3.17%) high-adherence patients had UTI upon admission, with rates of 7.91 and 13.17 per 100 person-years, respectively. In the female cohort, there were 129 (2.49%) low-adherence patients and 8 (6.02%) high-adherence patients, and the mean follow-up time was 0.728 and 0.701 person-years, respectively. After calculation, the rate was 33.97 per 100 person-years in the low-adherence group and 32.18 in the high-adherence group. Based on Cox regression analysis, the estimated risk of outpatient visits after adjusting for covariates was 0.467 (p value = 0.3361) and 1.228 (p value = 0.6003) times in males and females, respectively in Table 1.
For the never had a UTI group, 83 (1.22%) low- and 10 (1.37%) high-adherence male patients had UTI upon admission, and the rates were 1.65 and 1.92 per 100 person-years, respectively. In addition, we found 121 (1.53%) low-adherence and 11 (4.66%) high-adherence female patients; the incidence rates were 2.11 and 6.67 per 100 person-years, respectively. The risk was 0.647 (p value = 0.2090) and 1.706 (p value = 0.1126) in males and females, respectively, in Cox regression adjusted for covariates. The risks of severe UTI in the four stratified groups were not significantly different between the high-adherence group and the low-adherence group, though the risk was higher in females. The detailed information is shown in Table 2.
Sensitivity Analyses: Adherence
We modified the cutoff point of adherence as 0.5 in the PDC indicator, with no change in the trend. Except for the never had a UTI group of females, the high-adherence group had a 1.819 times higher risk of admission due to UTIs after adjusting for covariates (p = 0.0236) (Table 3 and Table 4).
TABLE 3 | Risk of UTI (outpatient) in sensitivity analysis of the cutoff point of adherence.
[image: Table 3]TABLE 4 | Risk of UTI (hospitalization) in sensitivity analysis of the cutoff point of adherence.
[image: Table 4]Comparison of Risk Between Targeted Drugs With Different Mechanisms
The risk between mirabegron and anti-muscarinic agents was not significantly different, regardless of outpatient visits and hospitalization. The detailed information is shown in Table 5 and Table 6.
TABLE 5 | Risk of UTI (outpatient) in sensitivity analysis of drugs with different mechanisms.
[image: Table 5]TABLE 6 | Risk of UTI (hospitalization) in sensitivity analysis of drugs with different mechanisms.
[image: Table 6]DISCUSSION
Our study evaluated UTI hazard in the OAB population associated with OAB medication adherence, and different types of OAB medication in Taiwan. The study result showed that high OAB medication adherence did not increase the risk of UTI than low adherence according to outpatient visits or hospitalizations. Furthermore, anticholinergic medications and beta-3 agonists had similar hazard of UTI after 1 year of follow-up. After sensitivity analysis of modifying the cutoff point of adherence of 0.5, the risk of outpatient visits still did not differ significantly among the four stratifications. Nevertheless, females in the UTI history group had a 1.819-fold higher risk of admission than those in the low-adherence group (p = 0.0236).
OAB and UTI have similar symptoms of urgency and incontinence (Abrams et al., 2002). UTI is common among women, and diagnosis of OAB in women should exclude UTI, diabetes mellitus, and neurogenic voiding dysfunction. Bacterial infection damages the urinary tract epithelium, and the number of suburothelial and urothelium inflammatory cells increases. These inflammatory cells initiate an inflammatory cascade response and release inflammatory mediators, resulting in hypersensitivity to bladder distension (Ke et al., 2021). Kuo et al. (Kuo et al., 2010) showed that acute bacterial cystitis increases urinary nerve growth factor levels, and that antibiotic treatment improves OAB symptoms and significantly decreases urinary nerve growth factor levels in patients with symptomatic cystitis. Overall, urinary nerve growth factor levels were significantly diminished in OAB patients who received antimuscarinic treatment compared with those given placebo. Bladder biopsies were performed in women with recurrent UTI, with lower E-cadherin, stronger mast cell expression, higher numbers of apoptotic cells, and increased expression of tryptase and Bax in recurrent UTI compared with normal control specimens (Chuang and Kuo, 2013). These results demonstrated that chronic inflammation and damage to the barrier function of urothelial cells due to apoptosis lead to recurrent UTI in women.
Human detrusor relaxation is controlled by the cyclic adenosine monophosphate pathway, which can be triggered via activation of β-ARs by noradrenalin. In the human bladder, β3-Ars account for more than 95% of all β-AR mRNAs and are the major β-ARs mediating human detrusor relaxation (Andersson and Arner, 2004). Mirabegron acts on OAB via detrusor relaxation in the storage or filling phase of the micturition cycle and reduces neurogenic detrusor activity. Because of its mechanism of action, mirabegron has also been reported to increase the risk of UTI in post-marketing reports of urinary retention (Sacco and Bientinesi, 2012). The mechanism of action of mirabegron in UTI is not well proven and previous studies (Andersson and Arner, 2004; Sacco and Bientinesi, 2012) were not based on functional urological data but only on pharmacological data on isolated muscle preparations. Also, the clinical trial studies (Athanasopoulos and Perimenis, 2005; Athanasopoulos et al., 2008; Athanasopoulos, 2010; Chapple, 2010; Füllhase et al., 2010) data do not give good insights since data on UTI in similar patient groups do not find different percentages of UTI in patients treated with antimuscarinics and patients on mirabegron. Only in patients on combination treatments were more UTI observed which suggests that the combination jointly lowers the threshold for sensitivity to UTI.
Antimuscarinic agents are important medications for treating OAB. However, there is a risk of urinary retention that is particularly important in patients with prostate hyperplasia. Previous studies have examined urine retention and increased residual volume in patients with OAB who received antimuscarinic agent treatment, but no strong relationship was detected (Athanasopoulos and Perimenis, 2005; Athanasopoulos et al., 2008; Athanasopoulos, 2010; Chapple, 2010; Füllhase et al., 2010). Moreover, there are no guidelines in antimuscarinic therapy in patients with a risk of urine retention. Overall, further study to investigate the benefit of antimuscarinic therapy in prostate hypertrophy is needed.
Risk of UTI between mirabegron and anti-muscarinic agents did not show a significant difference in our study, regardless of UTI history and sex. These results were consistent with a meta-analysis of clinical trials (Kelleher et al., 2018).
Strengths and Limitations
To our knowledge, this study was the first to investigate the risk of UTI of OAB medications from a population-based source in Taiwan after mirabegron was covered by NHI. There are some strengths to our study. First, the data source NHIRD provides comprehensive medical records for almost the total population of Taiwan; thus, we were able to survey the whole picture rather than sampling studies. In addition, medical records decrease self-reporting and recall bias in community investigations. Second, the targeted population of the study was patients diagnosed with OAB, which represents that the disease was confirmed by a physician. Compared to a questionnaire-based study, our approach avoids some subjective interference. Third, we chose adherence as the indicator, which was the composite index between effectiveness and adverse effects and the key point for drug selection in guideline recommendations. Adherence, representing the balance of safety and effectiveness, indicates that the treatment is accepted by patients. Furthermore, we examined various indicators of adherence and performed subgroup and sensitivity analyses to confirm the robustness of the results.
Regardless, the study also has some limitations. First, we were unable to collect direct evaluation indicators, such as urinary diaries or changes in micturition, nocturia, and urgency. This prevented us from directly adjusting the disease severity among different populations. Despite our effort to reduce influence, such as by stratification or adjusting related variables in multiple regression, some confounding factors cannot be avoided within groups. The second limitation was that the NHIRD is a claims database; thus, prevalence may be underestimated, as some patients do not seek medical help. Last, according to information in the database, we cannot provide information on why the patients did not receive medication therapy.
Here, we provide the whole picture of OAB in Taiwan, and future studies on risk factors for UTI in patients who receive OAB treatment can be conducted.
CONCLUSION
Our study showed there was no difference between anticholinergic medications and beta-3 agonists, nor between high and low adherence in the risk of UTI in recent years in Taiwan. The prevalence of OAB has increased recently. The risk of UTI for patients with high and low adherence and severe and mild UTI was not influenced by targeted drugs in our observed period.
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