
The Use of 5-Alpha Reductase Inhibitors to Manage Benign 
Prostatic Hyperplasia and the Risk of All-cause Mortality

Lauren P. Wallner, Julia R. DiBello, Bonnie H. Li, Stephen K. Van Den Eeden, Sheila 
Weinmann, Debra P. Ritzwoller, Jill E. Abell, Ralph D’Agostino Jr, Ronald K. Loo, David S. 
Aaronson, Ralph I. Horwitz, Steven J. Jacobsen
From the Department of Medicine and Epidemiology, University of Michigan, Ann Arbor, USA, MI; 
the Department of Research and Evaluation, Kaiser Permanente Southern California, Pasadena, 
USA, CA; the Real World Evidence & Epidemiology, GlaxoSmithKline, Harrisburg, USA, PA; the 
Division of Research, Kaiser Permanente Northern California, Oakland, USA, CA; the Center for 
Health Research, Kaiser Permanente Northwest, Portland, USA, OR; the Institute for Health 
Research, Kaiser Permanente Colorado, Denver, USA, CO; the Real World Evidence, Janssen, 
Horsham, USA, PA; the Department of Biostatistical Science, Wake Forest University, Winston-
Salem, USA NC; and the Institute for Transformative Medicine, Temple University and Visiting 
Scholar, Institute of Medicine, Philadelphia, USA, PA

Abstract

OBJECTIVE—To compare the risk of mortality among men treated for benign prostatic 

hyperplasia (BPH) with 5 alpha-reductase inhibitors (5ARI) to those treated with alpha-blockers 

(AB) in community practice settings.

METHODS—We employed a retrospective matched cohort study in 4 regions of an integrated 

healthcare system. Men aged 50 years and older who initiated pharmaceutical treatment for BPH 

and/or lower urinary tract symptoms between 1992 and 2008 and had at least 3 consecutive 

prescriptions that were eligible and followed through 2010 (N = 174,895). Adjusted hazard ratios 

were used to estimate the risk of mortality due to all-causes associated with 5ARI use (with or 

without concomitant ABs) as compared to AB use.

RESULTS—In this large and diverse sample with 543,523 person-years of follow-up, 35,266 men 

died during the study period, 18.9% of the 5ARI users and 20.4% of the AB users. After 

adjustment for age, medication initiation year, race, region, prior AB history, Charlson score, and 

comorbidities, 5ARI use was not associated with an increased risk of mortality when compared to 

AB use (Adjusted hazard ratios: 0.64, 95% confidence interval: 0.62, 0.66).

CONCLUSION—Among men receiving medications for BPH in community practice settings, 

5ARI use was not associated with an increased risk of mortality when compared to AB use. These 
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data provide reassurance about the safety of using 5ARIs in general practice to manage BPH 

and/or lower urinary tract symptoms.

5 Alpha reductase inhibitors (5ARIs), used sequentially or concomitantly with alpha-

blockers (ABs), are the standard approach to the pharmacotherapy of lower urinary tract 

symptoms associated with benign prostatic hyperplasia (BPH).1 Results from two clinical 

trials investigating the use of 5ARIs in the chemoprevention of prostate cancer suggested 

that 5ARIs were associated with a reduced risk of prostate cancer when compared to 

placebo.2,3 However, data from these trials and subsequent observational studies4–7 have 

found an increased risk of high-grade prostate cancers among men diagnosed in the 5ARI 

group. As a result, the use of 5ARIs as a chemo-preventive agent for prostate cancer remains 

controversial.8–10 The potential association between 5ARIs and prostate cancer mortality 

has been assessed in multiple observation studies; but to date, none of these studies have 

found that the increased risk of Gleason 8–10 prostate cancers among 5ARI users resulted in 

an increased risk of prostate cancer mortality.4–7

Results from the follow-up study of the Prostate Cancer Prevention Trial suggest that 5ARIs 

are also not associated with an increased risk of all-cause mortality.11 However, fully 

establishing the safety of using 5ARIs in the management of BPH and/or LUTS requires that 

studies assess their long-term use and overall safety in general practice settings, which move 

beyond randomized controlled trial and highly-selected clinic samples and include a real-

world comparison group, in this case, ABs. Therefore, the goal of this study was to 

determine the safety of using 5ARIs in the management of BPH/LUTS by assessing the risk 

of mortality associated with 5ARIs use as compared to AB use for the treatment of BPH 

and/or LUTS (lower urinary tract symptoms) in a large population-based cohort of 214,272 

men in community practice settings over a 19-year observation period.

MATERIAL AND METHODS

Study Population

The study population and methods have been described previously.7 Briefly, this study was 

conducted in 4 regions of Kaiser Permanente (KP) (Northern and Southern California, 

Colorado and Northwest), integrated healthcare systems that collectively provide 

comprehensive health care services to over 9.7 million members. The racial and 

socioeconomic diversity of the members closely reflects that of the region each serves.12 

Comprehensive electronic health records along with a standardized data warehouse13 allow 

for the collection of demographic characteristics, health services utilization, disease 

diagnoses, and death records. In addition, the records include pharmacy data and inpatient, 

outpatient, and emergency department encounters, as well as care received outside of the 

system. This study was approved by the Institutional Review Boards at each site.

Male members ages 50 years and older who received a new prescription for a BPH and/or 

LUTS medication between 1992 and 2008 and were members for at least 1 year prior to first 

dispensing were eligible for inclusion (N = 281,034). As this analysis was part of a larger 

study focused on prostate cancer mortality, men with a diagnosis of prostate cancer prior to, 

or within 3 months after their first prescription (n = 20,170), those with <90 days of 
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consecutive medication filled (n = 44516), and those treated with finasteride 1 mg for 

alopecia (n = 2023) were excluded, leaving 214,272 men eligible for matching.

Men who started a 5ARI were matched at the time of 5ARI initiation using risk-set sampling 

1:6 to alpha-blocker users on age at matching (±2 years), race (African American vs Other), 

timing of BPH and/or LUTS medication initiation (within 2 years), prior history of AB use 

and health plan region. Of the 214,272 eligible men, 73% were successfully matched 

resulting in an analytical sample of 157,456 men with 174,895 records (18,321 men were 

matched as both 5ARI and AB user). Men were then followed via electronic health records 

through the end of 2010 for death due to all causes (Fig. 1).

Exposure Assessment

The primary exposure of interest was a new prescription for a 5ARI or AB from 1992–2008 

identified via prescription fills in electronic pharmacy records, as described previously.7 

Combination users (men who were exposed to both an AB and 5ARI) were defined as 5ARI 

users for matching purposes and contributed person-time to both exposure groups. 

Cumulative exposure and dose were calculated from 5ARI initiation in men who were 5ARI 

users and corresponding matched index date among AB users.

Outcome Assessment

The primary outcome was mortality due to all-causes, which was identified via a 

comprehensive search across multiple sources for vital status. This included local (regional) 

KP death databases, state death records, a Social Security Death Index match on all eligible 

men and a National Death Index match for all men who were missing underlying cause of 

death information. This included 54,423 men who died prior to the end of the study period, 

including 10,651 who left KP alive but died prior to the end of the study period and were 

therefore censored at disenrollment. While our exposure time period included the years 

1992–2008, men were followed an additional 2 years through 2010 to determine their vital 

status.

Covariates

Covariates were defined at the time of matching (5ARI initiation or corresponding index 

date among AB users). Demographics such as age at matching and race and/or ethnicity 

(Non-Hispanic White, African American, Asian, Hawaiian/Pacific Islander/Native Alaskan/

American Indian, and Unknown) were collected from electronic demographic files. 

Aggregate median household income and education were calculated via geocoding using 

2000 US census estimates at the block, block-group, tract, and ZIP level. Medical history 

was assessed using a modified Charlson comorbidity score14 as well as history of BPH, 

cardiovascular disease, high blood pressure, hyperlipidemia (all defined using ICD-9 

diagnosis codes), and use of medications to treat erectile dysfunction (ED) or overactive 

bladder (OAB) were assessed in the year prior to matching.

Statistical Analysis

The distributions of demographic and clinical characteristics were compared across exposure 

and outcome status, using chi-square tests and two-sided Wilcoxon–Mann–Whitney tests 
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when appropriate. Person-time at risk was calculated from the time of matching (5ARI 

medication initiation or index date in AB user) to death (event), loss to follow-up 

(disenrollment from health plan) or end of study period. Men who died after they were lost 

to follow-up were censored at the time they were lost to follow-up. Adjusted Cox models 

were used to estimate the relative risk of death due to all causes among 5ARI users as 

compared to AB users after adjustment for the matching factors (age, race, region, 

medication initiation year, and history of AB use), as well as Charlson score, history of 

cardiovascular disease, high blood pressure, hyperlipidemia, diabetes, other cancer and use 

of other medications to treat OAB or ED. Models were then stratified by increasing 

cumulative exposure, dose, and history of AB use quartiles. The proportional hazard 

assumption was examined using Schoenfeld residuals.15 Crude and covariate weighted 

Kaplan Meier plots were constructed comparing the probability of survival among 5ARI 

users compared to AB users, for 6, 10, and 20 years. All analyses were performed using 

SAS 9.3 -and a P value < .05 was considered statistically significant.

Sensitivity Analyses

We conducted a number of sensitivity analyses, to assess the potential influence of selection 

biases introduced via matching and the influence of changing exposures and comorbidities 

over time. These analyses allowed for time-varying exposures as well as covariates, which 

were collected at 2 time points, the first prescription initiation and at matching (5ARI 

initiation or corresponding index date among AB users). Person-time was calculated from 

time at which the participant initiated his BPH and/or LUTS medication up until the time of 

the event, censoring or end of study period for these analyses. As part of these time-varying 

analyses, we also evaluated using age as the time scale and the influence of employing 

different methods for handling missing covariate data (last value carried forward vs left 

missing) and compared those to our results in the matched sample. Finally, as the medical 

management of LUTS is a long-term treatment strategy, we also assessed the influence of 

restricting our cohort to men who were exposed to these drugs for at least 1 year. The results 

of these sensitivity analyses are presented in the Online Supplemental Material.

RESULTS

Table 1 displays the demographic and clinical characteristics of the cohort after matching by 

exposure status. Men who used 5ARIs were more likely to be Non-Hispanic White 

compared to men who used ABs (78.3 vs 76.5%) (P < .001). Median serum PSA levels at 

5ARI initiation (or index) were higher among those who used 5ARIs (4.1 ng/mL) compared 

to those who used ABs (2.1 ng/mL) (P < .001). Men who used 5ARIs were less likely to 

have a Charlson score of 2 or greater compared to those who used ABs (P < .001). The 

median duration of AB use before matching was shorter among those who used 5ARIs 

compared to those who used ABs (3.2 vs 3.4 years) (P < .001). The median dose and 

duration were both greater among men who used 5ARI (both P < .001). The median follow-

up time after matching was also greater among men who used 5ARIs (3.3 vs 2.3 years) (P 
< .001) (Table 1).
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Figure 2 displays the Kaplan Meier curves for the full study period (2A), 10 years (2B) and 

6 years (2C). The cumulative probability of survival across the study period was statistically 

significantly greater for 5ARI users when compared to AB users (all P < .0001). The 

difference was consistent across the study period (Fig. 2A), and in the first 6 (Fig. 2B) and 

10 years (Fig. 2C).

Table 2 displays the multivariable adjusted associations between 5ARI use and all-cause 

mortality when compared to AB use. 5ARI use was not associated with an increased risk of 

mortality when compared to AB use (Adjusted hazard ratio [HR]: 0.64, 95% confidence 

interval [CI]: 0.62, 0.66). When stratified by increasing cumulative exposure, there was a 

statistically significant trend of a lower risk of mortality with increasing cumulative 

exposure to 5ARIs. Among men treated for greater than 2 years, 5ARI use was associated 

with a 46% reduction in the risk of mortality compared to AB users (Adjusted HR: 0.54; 

95% CI: 0.51, 0.57). Men in the highest dose quartile were also less likely to die of any 

cause if they were treated with a 5ARI as compared to an AB (Adjusted HR: 0.55; 95% CI: 

0.52, 0.58) (Table 2).

Supplemental Table 1e displays the multivariable adjusted association between 5ARI use 

and mortality stratified by race, and comorbidities. The reduced risk of mortality among 

5ARI users when compared to AB users was homogenous across race categories. When 

stratified by Charlson score, cardiovascular disease, high blood pressure, hyperlipidemia, 

and history of cancers other than prostate, very little variation in the association between 

5ARI use and mortality was seen. (Supplemental Table 1e)

The Online Supplemental Material displays the results of multiple sensitivity analyses 

completed to assess the robustness of our findings. When adjusting for the time-varying 

nature of the exposure and covariates (collected at BPH and/or LUTS medication initiation 

and matching or index date) over time in the matched cohort sample, 5ARIs were again not 

associated with an increased risk of mortality compared to AB (Adjusted HR: 0.96, 95% CI: 

0.93, 0.99). Similar results, albeit closer to the null, were seen when we assessed the 

association between 5ARI use and all-cause mortality in the unmatched eligible cohort 

sample, taking into account the time-varying exposure and only adjusting for the covariates 

at baseline (Adjusted HR: 0.89, 95% CI: 0.87, 0.92). When age was used as the time scale in 

the eligible cohort, the results were comparable to those in the matched sample (HR: 0.76, 

95%CI: 0.75, 0.78). Finally, when the minimum length of exposure time was restricted to at 

least 1 year, the results were again similar (Adjusted HR: 0.51, 95%CI: 0.49, 0.54) 

(Supplemental Table 2e).

DISCUSSION

In this large, population-based study in community practice settings, the use of 5ARIs to 

treat BPH and/or LUTS is not associated with an increased risk of mortality when compared 

to AB use. Instead, our results suggest that 5ARI use may be associated with a reduced risk 

of mortality, with a greater reduction in mortality risk with increasing cumulative exposure.
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Our findings build upon the follow-up results from the Prostate Cancer Prevention Trial 

(PCPT) that suggested men treated with finasteride were not more likely to die of all causes 

compared to men randomized to placebo.11 Our results are also similar in magnitude to 

those found by Azoulay and colleagues among men diagnosed with prostate cancer in the 

UK, albeit these results did not attain statistical significance.4 It should be noted however, 

that the comparison groups in these studies were not AB users, but rather placebo and no 

5ARI use. This difference, along with differences in the study populations, may have 

contributed to the different survival estimates in our study and the PCPT trial. Our study 

utilized a diverse, aging cohort in general practice settings whereas the PCPT involved a 

highly-selected population who were younger and healthier. This most likely resulted in 

lower survival numbers in this cohort compared to the PCPT.

Our results provide further evidence of the overall safety of 5ARIs for the treatment of BPH 

and/or LUTS. As 5ARIs are commonly used along with ABs to manage lower urinary tract 

symptoms associated with BPH and/or LUTS,16,17 our findings that 5ARIs did not increase 

the risk of mortality, and may instead be associated with a reduced risk when compared to 

ABs, are reassuring. 5ARIs inhibit the conversion of testosterone to dihydrotestosterone, 

resulting in a reduction in prostate size and a subsequent alleviation of urinary symptoms.18 

It remains debatable however, why 5ARIs reduce the risk of low-grade prostate cancer, but 

result in an increased risk of high-grade cancers, which previous studies, including or own, 

indicate is not associated with an increased risk of prostate cancer death.4,6,7 It is plausible 

that the increase in high-grade prostate cancer among men exposed to 5ARIs may be due to 

a detection bias, from the preferential detection of high-grade cancers in men receiving 

5ARIs.9,10,19 Alternatively, it could be that ABs increase mortality risk. Prior studies have 

noted that the use of ABs is associated with fluid retention, congestive heart failure, 

orthostatic hypertension, and subsequent falls.20,21 Elucidating the mechanisms by which 

5ARIs may reduce the risk of mortality or AB increase the risk of mortality warrants further 

investigation.

While this study was conducted in a large, diverse population in community practice settings 

which included 19 years of observational data, there are potential limitations that should be 

considered. As described previously,7 cohort studies comparing two treatment modalities are 

subject to immortal time bias.22 To limit the potential influence of this bias, we matched on 

exposure status so that the follow-up time in both treatment groups began at the same time 

point (5ARI initiation or index date) rather than date of diagnosis or first dispense in 

controls and employed risk set sampling of AB users.23 It is possible however, that our 

complex matching approach introduced some selection bias. We evaluated the potential 

impact of this bias on our results by performing multiple sensitivity analyses in the eligible 

cohort prior to matching, which also suggested that 5ARIs were not associated with an 

increased risk of mortality. Because the 5ARI group was comprised of both 5ARI only and 

combination therapy users, it is possible that there is some residual confounding due to 

differences in combination versus monotherapy users. However, we employed multiple 

strategies to minimize the impact of this confounding, including matching on prior history of 

AB use and controlling for characteristics found to differ between the groups in our 

multivariable analyses. The changing nature of both the exposure and covariates over time 

may have influenced our results. However, the time-varying sensitivity analyses in the 
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eligible cohort that accounted for these changes over time also found no evidence that 5ARIs 

were associated with an increased risk of dying. While the results from the time-varying 

analyses were more conservative (closer to the null) than the matched analyses, this is most 

likely due to differences in the calculations of person-time used in these approaches. The 

average follow-up time after medication initiation in this population and cumulative duration 

of use was short, mostly due to the advanced age of the cohort and 5ARIs not becoming 

widely used until later in the study period. However, our study included over 200,000 men, 

with over 543,523 person-years of follow-up.

CONCLUSION

Treatment with 5ARIs was not associated with an increased risk of mortality when 

compared to treatment with ABs in men undergoing pharmaceutical management of BPH 

and/or LUTS. While the data displayed a consistent decrease in mortality risk for men 

treated with 5ARIs, the mechanisms by which 5ARIs may lower the risk of overall mortality 

are not clear and warrant further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Analytic sample selection.
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Figure 2. 
(A) Covariate-weighted Kaplan–Meier plots, adjusted for age, BPH and/or LUTS initiation 

year, race, region, prior AB history, Charlson score, and comorbidities over the entire study 

period, (B) the first 10 years, and (C) the first 6 years. N = 174,895. AB, alpha-blockers; 

BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms. Note: Red color 

for dotted 5ARI line on graphs. (Color version available online.)
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