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    Abstract
Objectives: Atherosclerosis may lead to chronic bladder ischemia, which eventually results in lower urinary tract symptoms (LUTS). Patients with venous thromboembolism (VTE) have a higher prevalence of atherosclerosis. Methods: A total of 31,559 patients had been diagnosed with or without LUTS between 2000 and 2010 in Taiwan National Health Insurance Research Database, each was enrolled in the LUTS and non-LUTS cohorts, respectively. The risk of VTE in LUTS and non-LUTS cohorts was calculated by Cox proportional hazards regression model. Results: After adjustment for age, sex, and comorbidities, the risk of subsequent VTE was 1.34-fold higher in the LUTS than in the non-LUTS cohort. The adjusted risk of VTE was highest in patients with LUTS with any comorbidity. The age-specific relative risk of VTE was significantly higher in patients aged ≥50 years, particularly in those aged 50–64 years, in the LUTS than in the non-LUTS cohort. Conclusions: LUTS is a risk factor for VTE. Physicians should consider the possibility of underlying VTE in patients aged ≥50 years having cardiovascular comorbidities.
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    Introduction


    Venous thromboembolism (VTE) is a clinical challenge for health-care providers. VTE is highly prevalent and burdens the health economy.[bookmark: ft1][1] Cancer, trauma, surgery, medical illness, and pregnancy are the major risk factors for VTE,[bookmark: ft2][2] and a significant proportion (26%–47%) of VTE is currently classified as “unprovoked” in the absence of the aforementioned risk factors.[bookmark: ft1][1] Identifying preceding factors may substantially assist in developing new strategies for both primary and secondary prevention of VTE.[bookmark: ft3][3],[bookmark: ft4][4] Several studies have demonstrated the association between arterial (e.g., myocardial infarction and stroke) and venous (deep vein thrombosis and pulmonary embolism) thromboembolism in the last decade;[bookmark: ft5][5],[bookmark: ft6][6],[bookmark: ft7][7],[bookmark: ft8][8] this association may be the result of shared risk factors.[bookmark: ft2][2],[bookmark: ft9][9]


    In 2008, approximately 45.2% of the population worldwide (4.3 billion) was affected by at least one of the lower urinary tract symptoms (LUTS).[bookmark: ft10][10] Atherosclerosis can lead to chronic bladder ischemia, which may be crucial in the development of LUTS.[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13],[bookmark: ft14][14],[bookmark: ft15][15] Since LUTS and VTE share certain risk factors, such as obesity, diabetes, smoking, hypertension, hyperlipidemia, and advanced age, we hypothesized that the presentation of LUTS is a sentinel symptom in patients with VTE.[bookmark: ft1][1],[bookmark: ft2][2],[bookmark: ft14][14],[bookmark: ft16][16],[bookmark: ft17][17],[bookmark: ft18][18],[bookmark: ft19][19],[bookmark: ft20][20] To examine this hypothesis, a nationwide population-based cohort study was conducted in Taiwan to investigate whether LUTS precedes VTE.


    Methods


    Data source


    The National Health Insurance (NHI) program, established in 1995, has provided health-care coverage to >99% of the 23 million population of in Taiwan since 1998. The National Health Research Institutes established and maintains the NHI Research Database (NHIRD) for facilitating research. The Longitudinal Health Insurance Database 2000 (LHID2000), a representative subset of the NHIRD containing the claims data of 1 million randomly selected NHI beneficiaries, was used as the data source. Data in the LHID2000 are deidentified for ensuring patient privacy. Diagnosis codes in the NHIRD are based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).


    Data availability statement


    The dataset used in this study is held by the Taiwan Ministry of Health and Welfare (MOHW). The MOHW must approve our application to access this data. Any researcher interested in accessing this dataset can submit an application form to the MOHW requesting access. Please contact the staff of MOHW (Email: stcarolwu@mohw.gov.tw) for further assistance. Taiwan MOHW Address: No. 488, Sec. 6, Zhongxiao E. Rd., Nangang Dist., Taipei City 115, Taiwan (R. O. C.). Phone: +886-2-8590-6848. All relevant data are within the paper.


    Ethics statement


    The NHIRD encrypts patient personal information to protect privacy and provides researchers with anonymous identification numbers associated with relevant claims information, including sex, date of birth, medical services received, and prescriptions. Therefore, patient consent is not required to access the NHIRD. This study was approved to fulfill the condition for exemption by the Institutional Review Board (IRB) of China Medical University (CMUH104-REC2-115-CR1). The IRB also specifically waived the consent requirement.


    Study participants


    Patients older than 20 years diagnosed with LUTS (ICD-9-CM codes 596.51, 788.4, 625.6, 788.32, 788.31, 788.36, 788.43, 788.33, 788.2, 788.6, 788.35, and 600) between 2000 and 2011 were included in the LUTS cohort. The date of LUTS diagnosis was designated the index date. Individuals younger than 20 years and those with a history of VTE (415.1, 453.8 excluding iatrogenic pulmonary embolism, 415.11) at the baseline, and those without information on age and sex were excluded from both cohorts. Patients without LUTS randomly chosen from the LHID2000 formed the non-LUTS cohort: For each patient in the LUTS cohort, one control–frequency-matched by age (5-year spans), sex, year of LUTS diagnosis, comorbidities of hypertension (ICD-9-CM codes 401–405), diabetes (250), hyperlipidemia (272), cerebrovascular disease (430–438), heart failure (428), lower leg fracture or surgery (820–823 and procedure codes 81.51, 81.52, 81.53, and 81.54), and all cancers (140–208)–was included in the non-LUTS cohort.


    Outcome


    The LUTS and non-LUTS cohorts were followed until VTE diagnosis, withdrawal from the NHI program, or December 31, 2011, whichever occurred earlier.


    Statistical analysis


    Chi-square test and t-test were used to analyze differences between the LUTS and non-LUTS cohorts for categorical and continuous variables, respectively. The cumulative incidence curves of VTE in the two cohorts were plotted using the Kaplan–Meier method, and the differences were tested using log-rank test. The incidence density of VTE was calculated for different risk factors and stratified by age, sex, and comorbidity. Unavailable and multivariable Cox proportional hazards regression analysis was used to assess the hazard ratio (HR) and 95% confidence interval (CI) of VTE associated with LUTS compared with non-LUTS cohort. A multivariable model was used to estimate the adjusted HR (aHR) after controlling for covariates, namely, age, sex, and comorbidities of hypertension, diabetes, hyperlipidemia, CVA, heart failure, and all cancers. All statistical analyses were performed using SAS 9.4 software (SAS Institute, Cary, NC, USA). The level of significance was set at 0.05 (2-tailed test).


    Results


    In total, 31,559 patients each were included in the LUTS and non-LUTS cohorts [Table - 1]. The mean age in the LUTS and non-LUTS cohorts was 59.9 years (standard deviation [SD] = 15.5) and 60.1 (SD = 14.9) years, respectively. Distributions of sex and comorbidities were similar in both cohorts. Approximately 70% of the members of both cohorts were male, and the most prevalent comorbidities were hypertension (approximately 41%), hyperlipidemia (20.2%), and diabetes (11.2%). The mean follow-up periods in the LUTS and non-LUTS cohorts were 5.34 and 6.23 years, respectively. The results of the Kaplan–Meier plot revealed that the LUTS cohort had a higher cumulative incidence of VTE than did the non-LUTS cohort (log-rank test P < 0.001) [Figure - 1]. The incidence density was 1.31 and 0.96/10,000 person-years in the LUTS and non-LUTS cohorts, respectively [Table - 2]. The multivariable Cox method estimated that the aHR of developing VTE was 1.34 (95% CI = 1.12–1.61) in the LUTS cohort compared with the non-LUTS cohort.
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        	Table 1: Demographic characteristics and comorbidities in cohorts with and without lower urinary tract symptoms
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        	Figure 1: Cumulative incidence comparison of venous thromboembolism for patients with (dashed line) or without (solid line) lower urinary tract symptoms
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        	Table 2: Incidence and hazard ratio for venous thromboembolism and venous thromboembolism-associated risk factor
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    Compared with patients aged ≤49 years, the risk of VTE development was 3.36- and 7.04-fold higher in patients aged 50–64 years (95% CI = 2.18–5.16) and ≥65 years (95% CI = 4.63–10.7), respectively. The risk of VTE was 1.32-fold higher for women than for men (95% CI = 1.08–1.62) and was higher in patients with the comorbidities of hypertension (aHR = 1.43, 95% CI = 1.16–1.75), heart failure (aHR = 2.10, 95% CI = 1.52–2.90), and all cancers (aHR = 2.53, 95% CI = 1.72–3.71). The incidence density of VTE increased with age in both cohorts [Table - 3]; however, the age-specific relative risk of VTE in the LUTS cohort was higher for patients aged 50–64 years (aHR = 1.61, 95% CI = 1.11–2.23) ≥65 years (aHR = 1.36, 95% CI = 1.09–1.69) compared with the non-LUTS cohort. The sex-specific relative risk of VTE for LUTS cohort compared with the non-LUTS cohort was significant for both women (aHR = 1.45, 95% CI = 1.03–2.03) and men (aHR = 1.32, 95% CI = 1.06–1.64). Moreover, compared with the non-LUTS cohort, the LUTS cohort was associated with a significantly higher risk of VTE (aHR = 1.41, 95% CI = 1.14–1.74) in patients having any one of the evaluated comorbidities.
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        	Table 3: Incidence of venous thromboembolism by age, sex, and comorbidity and Cox model measured hazards ratio for patients with lower urinary tract symptoms compared those without lower urinary tract symptoms

        

        Click here to view
      

    


    Discussion


    VTE is highly prevalent, substantially burdens the health economy, and can complicate the course of a disease; it might also be encountered in the absence of precipitating disorders. Identifying predictive symptoms of VTE enables early intervention and can decrease the incidence of complications,[bookmark: ft21][21] which is crucial for patients without regular and adequate medical assessments of VTE risk factors because VTE is a clinical challenge for all medical practitioners.[bookmark: ft1][1]


    LUTS could be the initial manifestation of underlying vascular disease because LUTS, cardiovascular disease (CVD), peripheral artery occlusive disease (PAOD), and VTE share certain risk factors, such as obesity, tobacco use, physical inactivity, diabetes, hypertension, and hyperlipidemia.[bookmark: ft1][1],[bookmark: ft3][3],[bookmark: ft9][9],[bookmark: ft22][22] The association of LUTS with CVD remains controversial.[bookmark: ft23][23],[bookmark: ft24][24],[bookmark: ft25][25],[bookmark: ft26][26],[bookmark: ft27][27] The relationship between LUTS and PAOD has been reported in animal studies and cohort observations. In animal models, atherosclerosis has induced pelvic ischemia and has resulted in the functional and structural alteration of bladder muscles.[bookmark: ft14][14],[bookmark: ft28][28],[bookmark: ft29][29],[bookmark: ft30][30] Anatomically, vascular supply to the lower urinary tract is primarily from the iliac arteries. Therefore, atherosclerotic obstructive changes distal to the aortic bifurcation can affect blood flow in the distal vasculature and lower urinary tract.[bookmark: ft10][10],[bookmark: ft15][15] Bladder ischemia can precede PAOD because of the easy obstruction caused by atherosclerosis in most distal arterial branches.


    To the best of our knowledge, this study is thefirst to investigate the association of LUTS with VTE. The NHIRD facilitates retrospective investigations of the association of LUTS with subsequent VTE. In both the LUTS and non-LUTS cohorts, 70% of the patients were men aged >60 years (41.6%). Patients diagnosed with BPH were also included in the study. Although the risk of VTE was 1.32-fold higher for women than for men (95% CI = 1.08–1.62), the sex-specific risk of VTE for the LUTS cohort relative to the non-LUTS cohort was significantly higher in both women (aHR = 1.47, 95% CI = 1.03–2.03) and men (aHR = 1.32, 95% CI = 1.06–1.64). In addition, the LUTS cohort was associated with a significantly higher risk of VTE compared with the non-LUTS cohort (aHR = 1.41, 95% CI = 1.14–1.74) in patients with any one of the assessed comorbidities. The age-specific relative risk of VTE was higher in patients aged 50–64 years (aHR = 1.61; 95% CI = 1.11–2.23) and ≥65 years (aHR = 1.36; 95% CI = 1.09–1.69) in the LUTS cohort as compared with the non-LUTS cohort. Therefore, clinicians should consider the possibility of underlying VTE in patients with LUTS aged >49 years and with any cardiovascular comorbidity.


    This was thefirst nationwide population-based cohort longitudinal study conducted in Taiwan for assessing the risk of VTE development in patients with LUTS. This study has several limitations. First, the ICD-9-CM diagnostic codes used in the study may be incorrect, and information on the accuracy of these codes for LUTS is lacking. LUTS is possibly undercoded in the NHI because the diagnosis is symptomatic, which might have resulted in the underestimation of the effect of LUTS on subsequent PAOD.[bookmark: ft25][25]


    Second, the diagnoses of LUTS, VTE, and other comorbidities were based on ICD-9-CM codes, which may have been misclassified. However, the use of ICD-9-CM codes for diagnosing chronic diseases has been validated in previous national cohort studies.[bookmark: ft20][20], [bookmark: ft25]25, [bookmark: ft31][31],[bookmark: ft32][32],[bookmark: ft33][33],[bookmark: ft34][34] In addition, the NHI is a universal health insurance program and the doctors are reimbursed by administrative specialists; therefore, a peer-review system was established to reduce false positives.[bookmark: ft35][35] Moreover, the NHI Bureau of Taiwan reviews charts, verifies medical charges, and imposes heavy penalties for inappropriate charges and malpractice. These practices are assumed to ensure accurate coding.[bookmark: ft31][31],[bookmark: ft34][34]


    Third, The NHIRD lacks information on some critical cardiovascular risk factors such as smoking, obesity, increased body mass index (BMI), alcohol consumption, lack of exercise, and dietary habits. Nevertheless, risk factors such as hypertension, diabetes, and hyperlipidemia were included in the study to account for the influence of BMI and obesity. To minimize the potential confounding effect of smoking, we adjusted for smoking-related diseases such as COPD, asthma, and stroke, as was the case in previous studies.[bookmark: ft36][36],[bookmark: ft37][37] Considering these limitations, a high prevalence of LUTS should be considered a sentinel symptom in patients with occult VTE.


    The implications of this study are substantial. With the availability of effective pharmacotherapy, an increasing number of patients are seeking treatment for LUTS. In 2008, approximately 45.2% of the population worldwide (4.3 billion) was affected by at least one LUTS, with an age-related increase in both sexes.[bookmark: ft10][10],[bookmark: ft38][38] In our study, incidences of VTE over a 65-year-old man in the LUTs and non-LUTs was 2.3/10,000 and 1.7/10,000, respectively. It suggests that patients with LUTS have an approximately 1.34-fold higher risk of subsequent VTE than do individuals without LUTS. Thus, the initial presentation of patients with LUTS, particularly of those aged ≥50 years or with any comorbidity, should prompt the evaluating physician to screen for standard VTE risk factors and intervention for VTE should be accordingly initiated. The occult symptoms in patient with VTE should be underestimated in current era who was treated as LUTS and our result provides objective evidence to remind physician evaluating LUTs and its comorbidities, especially who are candidate for invasive procedure.


    Conclusions


    This study concluded that LUTS is associated with subsequent VTE, particularly in patients aged ≥50 years having cardiovascular comorbidities. Physicians should consider the possibility of VTE in patients with LUTS. Additional studies on disease screening and early intervention are warranted to prevent the subsequent complications of VTE in patients with LUTS. The clinical significance of the findings should be more addressed.
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  Figure 1: Cumulative incidence comparison of venous thromboembolism for patients with (dashed line) or without (solid line) lower urinary tract symptoms
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  Table 1: Demographic characteristics and comorbidities in cohorts with and without lower urinary tract symptoms
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  Table 2: Incidence and hazard ratio for venous thromboembolism and venous thromboembolism-associated risk factor


  Table: 3

  [bookmark: tbl_UrolSci_2018_29_5_231_237602_t4.jpg][image: ]


  Table 3: Incidence of venous thromboembolism by age, sex, and comorbidity and Cox model measured hazards ratio for patients with lower urinary tract symptoms compared those without lower urinary tract symptoms
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