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The association between various cumulative doses of 5-ARIs and mortality remains unclear. To 
examine the absolute and time-averaged cumulative doses of 5-ARIs and their association with 
all-cause and cause-specific mortality among patients with benign prostatic hyperplasia (BPH) or 
androgenic alopecia (AGA). A nested case-control study was conducted. For each patient who died, 
up to five controls were matched, based on age, sex, follow-up duration, and date of BPH or AGA 
diagnosis. The cumulative 5-ARI dose was calculated as the cumulative defined daily dose (cDDD) for 
the absolute and time-averaged doses over the follow-up period. The study involved 3,084 cases and 
14,630 controls. The < 365 cDDDs group and 365–730 cDDDs group had higher mortality rates, whereas 
the > 5840 cDDDs group had a significantly reduced mortality risk. A similar result was observed for 
the duration-averaged cumulative doses. Cause-specific analysis revealed higher suicide rates at lower 
cumulative doses and lower cardiovascular mortality rates at higher cumulative doses. Other cause-
specific mortality rates were not statistically significant. The findings revealed a complex relationship 
between cumulative 5-ARI dosage and all-cause mortality, highlighting the need for careful monitoring 
of patients using 5-ARIs, particularly concerning the elevated risk of suicide.
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5α-Reductase inhibitors (5-ARIs), finasteride and dutasteride, are therapeutic options for benign prostatic 
hyperplasia (BPH) and androgenic alopecia (AGA)1–4. The antiandrogenic mechanisms of 5-ARIs are associated 
with several established or controversial adverse effects, including decreased libido, erectile dysfunction, 
infertility, cognitive impairment, prostate and breast cancer, depression, and cardiovascular disease (CVD)5–7.

Several studies have investigated the association between 5-ARI use and mortality. In a cohort study involving 
men with prostate cancer, 5-ARI use was linked with delayed cancer diagnosis and higher cancer-specific and 
all-cause mortality8. However, another retrospective study9found no association between 5-ARI use in patients 
with BPH and higher all-cause or cancer-specific mortality compared with that in alpha-blocker (AB) users. 
Significant differences in all-cause or cancer-specific mortality among 5-ARI users with prostate cancer were 
similarly not observed in other studies10,11. However, one study12 indicated that 5-ARI intake was correlated 
with a lower prostate cancer-specific mortality risk and no significant difference in all-cause mortality in healthy 
adults, compared with that in nonusers.

Unconfirmed associations exist between the use of 5-ARIs and all-cause and cause-specific mortality among 
patients with benign BPH or prostate cancer, whereas 5-ARI use in AGA has not been considered. Furthermore, 
limited research exists on the association between 5-ARI use and cause-specific mortality, excluding prostate 
cancer, with a particular focus on the cumulative dose of 5-ARIs. Given the limited and inconclusive nature 
of existing research and the widespread use of 5-ARIs for managing BPH or AGA, the aim of this study was 
to investigate the dose-dependent association between 5-ARI intake and all-cause or cause-specific mortality 
among patients with BPH and AGA by using a large population-based cohort.
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Methods
Data source
We employed the Korea National Health Insurance Service-National Sample Cohort (NHIS-NSC). The NHIS-
NSC is a representative, population-based database from the Republic of Korea, prospectively collected between 
January 1, 2002, and December 31, 201913. Systematic stratified random sampling with proportional allocation 
based on age, sex, area of residence, and NHIS premium level in 2006 was employed to ensure representativeness. 
In addition, the Korean National Health Insurance (NHI) system functions as a single-insurer model, providing 
universal healthcare coverage for all citizens and healthcare providers, thereby allowing prospective data 
collection and representativeness. The NHIS-NSC originally included NHIS beneficiaries of Korean nationality 
in 2006 (48,222,537 individuals), and after sampling, 1,024,340 participants remained (2.2% of the Korean 
population).

The study cohort contains several variables: health insurance classifications (including the NHI and Medical 
Aid Program), sociodemographic variables, mortality records with causes of death, prescription data, and 
diagnostic information. Participant follow-up continued until December 31, 2019, unless NHI disqualification 
(such as emigration) or death occurred.

The Institutional Review Board (IRB) of Severance Hospital in Seoul, Republic of Korea (IRB No: [4–2024-
0367]) approved this study. The requirement for obtaining written informed consent was waived.

Study design and participants
We conducted a nested case-control study, an effective alternative to cohort analysis, particularly for time-
dependent variables, rare outcomes, and large sample sizes, involving 92,444 participants diagnosed with BPH 
or AGA14. To ensure accuracy, we excluded individuals who were potentially misdiagnosed or who obtained 
prescriptions through illegal proxies, and we included only individuals who had visited outpatient clinics at least 
three times or were admitted with these diagnoses (Fig. 1). Participants who did not develop BPH or AGA for 
at least 2 years after cohort enrollment were also excluded to focus on newly diagnosed cases (2-year washout 
period). Additionally, we excluded individuals diagnosed with BPH or AGA before the age of 40 years to focus 
our analysis on older adults. Participants covered by the Medical Aid Program were excluded. Furthermore, 
stringent inclusion criteria were applied, excluding individuals without at least a 30-day prescription of 5-ARI 
or AB. Eligible participants were followed up from the initial diagnosis date of BPH or AGA until death, 
disqualification from the NHI, or the end of the observation period on December 31, 2019, whichever occurred 
first.

Identification of cases and controls
Participants who died following a BPH or AGA diagnosis were designated as cases, while controls were those 
still alive (i.e., at risk of mortality) at the time of the matched case’s death. The follow-up period extended from 
the date of BPH or AGA diagnosis until death. Causes of death were determined according to the International 
Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10).

Matching of cases with controls was conducted among patients with BPH or AGA who were alive at the time 
of matching. Replacement of matched controls was permitted. The case could serve as its own control. Matching 
was conducted based on several attributes corresponding to the cases, including age (± 1 year), sex (male and 
female), the duration of follow-up (exact), and date of the first BPH or AGA diagnosis (± 30 days). We excluded 
individuals with follow-up durations of less than 1 year to focus on the long-term association between 5-ARI 
intake and mortality. The index date for the controls was the same as that for the matched cases. Participants with 
missing data were excluded. Following the application of these criteria, controls were randomly chosen among 
the matched controls at a 1:5 ratio, and any controls lacking corresponding cases were excluded. A total of 3,084 
patients and 14,630 controls were included in this study. Among the 3,084 cases, 65 patients were matched at a 
1:1 ratio, 85 at a 1:2 ratio, 81 at a 1:3 ratio, and 113 at a 1:4 ratio.

Exposure
The cumulative use of 5-ARIs, specifically dutasteride and finasteride, was the exposure variable. The cumulative 
defined daily doses (cDDDs) established by the World Health Organization were used to quantify use of 5-ARI. 
Prescriptions issued during hospital admissions and outpatient visits from the first 5-ARI prescription date to 
the index date, irrespective of the reasons for 5-ARI intake, were included in the cDDD calculations. Participants 
who had consumed 5-ARIs beyond the minimal significant prescription threshold (i.e., 30 cDDDs) were 
classified as ever-users.

The cumulative dose of 5-ARIs was evaluated in two ways: (1) the absolute cumulative dose and (2) the 
average cumulative dose over the follow-up period. The absolute cumulative dose throughout the follow-up 
period was classified into six groups: <365 cDDDs, 365–730 cDDDs, 730–1,460 cDDDs, 1,460–2,920 cDDDs, 
2,920–5,840 cDDDs, and > 5,840 cDDDs. Dose classification was also conducted based on quartiles.

We further investigated the association between the average cumulative dose per year (calculated by dividing 
the cumulative dose by the follow-up period and multiplying by 365.25 days) and mortality. The mean absolute 
cumulative dose among all participants was 2,681 cDDDs with a standard deviation (SD) of 7,923 cDDDs, and 
the mean average cumulative dose per year was 491 cDDDs/year with a SD of 1,471 cDDDs/year.

Outcomes
All-cause and cause-specific mortality were the primary outcomes. The deaths of the participants and their 
causes, categorized according to the ICD-10 guidelines, were identified from the Statistics Korea Death Database. 
Cause-specific mortality was subdivided based on ICD-10 into categories including all types of cancers, CVDs 
such as stroke and acute myocardial infarction, completed suicides (intentional self-harm), chronic obstructive 
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pulmonary disease (COPD), physical trauma (e.g., car accidents, falls), diabetes mellitus (DM), pneumonia, 
infections, senility, and other causes not listed above. The ICD-10 codes used for the cause-of-death analysis are 
provided in Supplementary Table 1.

Covariates
The socioeconomic characteristics at the index date included the economic status (classified by NHI premium 
amount: low, middle, and high), area of residence (i.e., capital area, metropolitan area, and province), and NHI 
insurance type (i.e., employee, and dependents of employees, self-employed, dependents of self-employed). 
Health status indicators at the index date included physical activity level (i.e., inactive; insufficiently active, less 
than 600 metabolic equivalents of task [MET] minutes per week; sufficiently active, more than 600 MET-min/
week)15,16, alcohol consumption (social drinkers; consuming alcohol less than once a week) and current drinkers; 
consuming alcohol once a week or more frequently), smoking status (i.e., non-smoker, past smoker, and current 
smoker), body mass index, annual outpatient visits, and number of hospital admissions. Additionally, previous 
diagnoses such as chronic kidney disease, hypertension, ischemic heart disease, chronic liver disease, congestive 
heart failure, DM, cancer, stroke, and any psychiatric disorder were accounted for to adjust for comorbidities. 
Treatment for BPH included ABs, such as alfuzosin, terazosin, doxazosin, tamsulosin, silodosin, and naftopidil, 
prescribed for at least 30 days, and any type of surgical intervention for the prostate. All major ingredient codes 
of medications and ICD-10 diagnostic codes used in the analyses are provided in Supplementary Table 1.

Statistical analysis
A conditional logistic regression model was used to explore the association between 5-ARI intake and mortality. 
With patients treated as self-referent controls using replacements, unbiased estimations of hazard ratios (HRs) 
were achieved by using odds ratios derived from conditional logistic regression analyses14,17–19. The crude HRs 

Fig. 1. Flowchart of the selection process of participants in the nested case-control study. (a) The Korea 
National Health Insurance Service-National Sample Cohort (NHIS-NSC) database is a longitudinal cohort 
comprising 1,024,340 participants, equivalent to 2.2% of the Korean population, spanning from January 1, 
2002 to December 31, 2019. This database encompasses various sociodemographic variables, health insurance 
classifications, mortality records, medical checkup results, diagnostic information, and prescribed medications. 
(b) Participants who died following a diagnosis of benign prostatic hyperplasia or androgenic alopecia. (c) 
Age (± 1 year), sex (male or female), date of the first depression diagnosis (± 30 days), and follow-up duration. 
Abbreviations: BPH, benign prostate hyperplasia; AGA, androgenic alopecia, 5-ARI, 5-alpha reductase 
inhibitor.
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with 95% confidence intervals (CIs) and aHRs (adjusted for all covariates) with 95% CIs were also calculated. 
Trend analyses (P-for-trend) were conducted, considering the cumulative 5-ARI dose categories as ordinal 
variables, to examine potential dose-response associations within the logistic model20. Subgroup analyses based 
on age group (below 50s, 60s and 70s, and ≥ 80 years), and type of 5-ARI (i.e., dutasteride or finasteride) were 
conducted. Although not a matching variable, subgroup analyses were also performed based on the cumulative 
AB doses during the follow-up period. There was no evidence of multicollinearity as maximum variance inflation 
factor was 1.28.

Sensitivity analyses were conducted taking into account the alternative minimum cumulative 5-ARI dose 
criteria (0 cDDDs, 180 cDDDs), the various exclusion criteria regarding the minimum duration between a BPH 
or AGA diagnosis and death date (no washout period, follow-up duration < 3 years), and different exclusion 
criteria (any surgical intervention on the prostate or prostate cancer). SAS version 9.4 was utilized for all analyses, 
and a two-tailed P-value < 0.05 was deemed statistically significant in all cases.

Results
The inclusion criteria were met by 17,714 participants, comprising 3,084 patients and 14,630 controls (Fig. 1). 
Table 1 displays the baseline characteristics of the participants and the crude HRs for each variable. The mean 
(SD) follow-up period for the cases and controls was 5.7 (3.2) years. The mean (SD) age was 68.5 (8.5) years 
among the controls and 69.1 (8.8) years among the cases. No female participants were included after applying 
the exclusion criteria.

Ever-users of 5-ARIs, regardless of the cumulative dose, exhibited a significantly increased risk of all-cause 
mortality by 16.9% compared with that in never-users (aHR, 1.169; 95% CI, 1.049–1.302; Table 2). In particular, 
a 5-ARI intake of < 730 cDDDs was associated with a significantly higher risk of all-cause mortality (aHR, 
1.346; 95% CI, 1.177–1.539 in < 356 cDDDs group, aHR, 1.258; 95% CI, 1.040–1.522 in 365–730 cDDDs group). 
Conversely, participants taking more than 5,840 cDDDs demonstrated a significantly lower risk of all-cause 
mortality than did never-users (aHR, 0.525; 95% CI, 0.413–0.669). An analysis based on the average cumulative 
dose per year during follow-up indicated that, compared with never-users, individuals taking less than 365 
cDDDs/year were at a greater risk of death, whereas users taking more than 1,460 cDDDs/year were at a reduced 
risk of death (aHR, 0.524; 95% CI, 0.374–0.736). Similar outcomes were observed based on the quantile dose 
classification and another subdivided classification (Table 2, Supplementary Fig. 1), and a no dose-dependent 
trend was detected (P-for-trend).

Subgroup analyses based on the type of 5-ARIs used (Table  3) revealed that dutasteride and finasteride 
ever-users had a higher risk of all-cause mortality than did never-users. Additionally, a cumulative dose of 
< 365 cDDDs for both medications was associated with a higher risk. Higher doses of > 365 cDDDs/year of 
dutasteride and > 1,460 cDDDs/year of finasteride significantly reduced the risk of all-cause mortality compared 
with the risk in never-users. Subgroup analysis based on age group and cumulative AB use revealed that these 
associations were found in aged 60s (Supplementary Table 2). Also, higher mortality risk among non-users and 
lower morality risk among AB users more than 365 cDDDs.

Table 4 and Supplementary Table 3 detail the cause-specific mortality risks among the 5-ARI users. No 
significant association existed between 5-ARI intake and mortality due to cancer, COPD, pneumonia, infection, 
DM, senility, physical trauma. However, a lower mortality due to CVDs was associated with 5-ARI ever-users who 
had > 5,840 cDDDs of cumulative dose (aHR, 0.260; 95% CI, 0.101–0.669) and > 1,460 cDDDs/year of average 
cumulative dose (aHR, 0.173; 95% CI, 0.048–0.629), with a marginally significant P-for-trend. Additionally, 
5-ARI ever-users and individuals taking < 365 cDDDs/year had a higher risk of mortality due to suicide. The 
sensitivity analysis results (Supplementary Table 4) were generally consistent with the main outcomes.

Discussion
The aim of this large population-based cohort study was to examine the absolute and time-averaged cumulative 
doses of 5-ARIs and their association with all-cause and cause-specific mortality in patients with BPH or AGA. 
We found that the absolute and average cumulative doses of 5-ARIs were associated with higher risks of all-
cause mortality at lower doses and lower risks at higher doses. Of note, lower cumulative doses of 5-ARI were 
associated with increased mortality from suicide, whereas higher doses were associated with decreased mortality 
from CVDs.

Nonusers of 5-ARIs and users receiving high absolute and average doses could exhibit a lower risk of all-
cause mortality in our study, potentially because of the normalization of dihydrotestosterone (DHT) levels. 
Previous studies21,22have identified a curvilinear association between DHT levels and all-cause mortality, 
suggesting the lowest mortality risk at DHT concentrations within the normal range of 50–74 ng/dL. 5-ARIs 
have an antiandrogenic action and significantly reduce plasma DHT levels more than 70% by targeting types 
1 and 2 5α-reductase23–26. Based on these previous research, it is plausible that DHT levels are more likely to 
remain within a normal range in two subgroups: 5-ARI non-users and 5-ARI high-cumulative-dose users. This 
might occur because 5-ARI non-users generally have milder disease severity and therefore do not require 5-ARI 
treatment, whereas 5-ARI high-cumulative-dose users may suppress DHT levels adequately through consistent 
and sufficient treatment. By contrast, 5-ARI low-cumulative-dose users may not receive enough 5-ARI to 
fully suppress DHT levels. However, further prospective research incorporating direct DHT measurements is 
necessary to elucidate any causal relationship between 5-ARI use and mortality.

Although the statistical significance of 5-ARI use in relation to completed suicide remains unconfirmed27–30, 
previous studies have reported increased risks of depressive disorders, depressive symptoms, and self-harm28,31–33. 
Based on our findings, 5-ARI ever users, particularly BPH or AGA patients who used 5-ARIs at low absolute 
and average cumulative doses, showed an increased risk of completed suicide. This aligns with previous research 

Scientific Reports |        (2025) 15:10962 4| https://doi.org/10.1038/s41598-025-95583-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Variables

Control Casea Crude

n or mean (%) or (SD) n or mean (%) or (SD) HR 95% CI

Total 14,630 (82.6) 3084 (17.4)

Age (years, at diagnosis) 68.5 (8.5) 69.1 (8.8) n.af

Follow up period (years) 5.7 (3.2) 5.7 (3.2) n.af

Area of residence

Capital area 5326 (36.4) 940 (30.5) 1.000

Metropolitan 3301 (22.6) 714 (23.2) 1.235 1.107 - 1.378

Province(rural) 6003 (41.0) 1430 (46.4) 1.359 1.238 - 1.492

Economic status

Low 1794 (12.3) 419 (13.6) 0.999 0.879 - 1.136

Middle 4854 (33.2) 1113 (36.1) 1.000

High 7982 (54.6) 1552 (50.3) 0.830 0.760 - 0.907

Insurance type

Self-employed 3638 (24.9) 472 (15.3) 1.000

Dependents of self-employed 697 (4.8) 420 (13.6) 5.310 4.493 - 6.274

Employee 1904 (13.0) 205 (6.6) 0.759 0.634 - 0.909

Dependents of employee 8391 (57.4) 1987 (64.4) 1.905 1.703 - 2.130

Physical activityb

Inactive 8202 (56.1) 2074 (67.3) 1.000

Insufficiently active 2836 (19.4) 487 (15.8) 0.681 0.609 - 0.762

Sufficiently active 3592 (24.6) 523 (17.0) 0.579 0.521 - 0.645

Alcohol statusc

Social drinker 1868 (12.8) 436 (14.1) 1.000

Current drinker 12,762 (87.2) 2648 (85.9) 0.886 0.782 - 1.003

Smoking status

Non-smoker 6823 (46.6) 1388 (45.0) 1.000

Past smoker 5276 (36.1) 985 (31.9) 0.939 0.856 - 1.030

Current smoker 2531 (17.3) 711 (23.1) 1.480 1.331 - 1.646

Body mass index

Underweight (less than 18.5 kg/m2) 738 (5.0) 320 (10.4) 2.099 1.805 - 2.442

Normal (18.5–24.9 kg/m2) 9298 (63.6) 2026 (65.7) 1.000

Overweight (25–29.9 kg/m2) 4304 (29.4) 689 (22.3) 0.742 0.674 - 0.816

Obese (more than 30 kg/m2) 290 (2.0) 49 (1.6) 0.757 0.552 - 1.037

Number of outpatient visits per year

less than 7 times 633 (4.3) 74 (2.4) 1.000

7–13 times 1967 (13.4) 270 (8.8) 1.207 0.911 - 1.599

14–30 times 5810 (39.7) 1164 (37.7) 1.812 1.400 - 2.346

more than 30 times 6220 (42.5) 1576 (51.1) 2.364 1.826 - 3.061

Number of admissions

no admission 4754 (32.5) 151 (4.9) 1.000

1 time 2678 (18.3) 180 (5.8) 2.544 2.019 - 3.205

2 times 2100 (14.4) 225 (7.3) 4.395 3.502 - 5.517

more than 3 times 5098 (34.8) 2528 (82.0) 24.503 20.262 - 29.631

Alpha blockerd

Never 3581 (24.5) 430 (13.9) 1.000

Less than 30 cDDDs 1826 (12.5) 385 (12.5) 1.757 1.506 - 2.049

30 ~ 365 cDDDs 4330 (29.6) 1256 (40.7) 2.470 2.184 - 2.794

More than 365 cDDDs 4956 (33.9) 1013 (32.8) 1.741 1.530 - 1.980

Prostate surgical interventione

Never 14,589 (99.7) 41 (1.3) 1.000

Ever 3082 (21.1) 2 (0.1) 0.239 0.058 - 0.988

Comorbidity

Chronic kidney disease 1181 (8.1) 238 (7.7) 0.924 0.795 - 1.075

Congestive heart failure 2303 (15.7) 503 (16.3) 1.026 0.919 - 1.146

Hypertension 11,540 (78.9) 2381 (77.2) 0.885 0.803 - 0.976

Chronic liver disease 9675 (66.1) 1927 (62.5) 0.852 0.784 - 0.925

Continued
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Variables

Control 
(n = 14630)

Case 
(n = 3084)a All-cause mortality

p-for-trend

All-cause mortality

p-for-trendn (%) n (%) Crude HR 95% CI aHRb 95% CI

5-alpha reductase inhibitor

Never user (less than 30 cDDDs) 6695 (45.8) 1225 (39.7) 1.000 1.000

Ever user 7935 (54.2) 1859 (60.3) 1.294 1.190 - 1.407 1.169 1.049 - 1.302

Cumulative dose

0.1995 0.0507

Less than 365 cDDDs 2699 (34.0) 760 (40.9) 1.544 1.390 - 1.715 1.346 1.177 - 1.539

365 ~ 730 cDDDs 1038 (13.1) 263 (14.1) 1.387 1.190 - 1.616 1.258 1.040 - 1.522

730 ~ 1460 cDDDs 1130 (14.2) 271 (14.6) 1.311 1.127 - 1.526 1.133 0.935 - 1.372

1460 ~ 2920 cDDDs 1144 (14.4) 251 (13.5) 1.195 1.022 - 1.395 1.111 0.913 - 1.352

2920 ~ 5840 cDDDs 896 (11.3) 178 (9.6) 1.070 0.894 - 1.281 0.912 0.730 - 1.139

More than 5840 cDDDs 1028 (13.0) 136 (7.3) 0.708 0.580 - 0.863 0.732 0.577 - 0.930

Cumulative dose

0.3268 0.7126

Q1 (Less than 200 cDDDs) 1891 (23.8) 524 (28.2) 1.519 1.349 - 1.711 1.267 1.090 - 1.473

Q2 (200 ~ 751.5 cDDDs) 1965 (24.8) 517 (27.8) 1.447 1.285 - 1.629 1.338 1.151 - 1.556

Q3 (751.5 ~ 2566 cDDDs) 1976 (24.9) 471 (25.3) 1.307 1.155 - 1.478 1.169 0.998 - 1.369

Q4 (more than 2566 cDDDs) 2103 (26.5) 347 (18.7) 0.887 0.774 - 1.017 0.828 0.697 - 0.984

Average cumulative dose per year

0.7272 0.2226

Less than 30 cDDDs/year 1537 (19.4) 418 (22.5) 1.544 1.353 - 1.762 1.287 1.091 - 1.517

30 ~ 180 cDDDs/year 2609 (32.9) 692 (37.2) 1.475 1.323 - 1.643 1.279 1.115 - 1.467

180 ~ 365 cDDDs/year 1255 (15.8) 295 (15.9) 1.314 1.135 - 1.521 1.306 1.084 - 1.574

365 ~ 730 cDDDs/year 1006 (12.7) 226 (12.2) 1.249 1.062 - 1.469 1.019 0.828 - 1.254

730 ~ 1460 cDDDs/year 906 (11.4) 169 (9.1) 1.035 0.864 - 1.240 0.931 0.740 - 1.170

More than 1460 cDDDs/year 622 (7.8) 59 (3.2) 0.493 0.371 - 0.655 0.524 0.374 - 0.736

Average cumulative dose per year

0.1534 0.9659

Q1 (Less than 40.5 cDDDs/year) 1926 (24.3) 522 (28.1) 1.519 1.344 - 1.716 1.288 1.105 - 1.501

Q2 (40.5 ~ 148.5 cDDDs/year) 1924 (24.2) 525 (28.2) 1.516 1.346 - 1.708 1.328 1.142 - 1.543

Q3 (148.5 ~ 488.4 cDDDs/year) 2007 (25.3) 441 (23.7) 1.214 1.071 - 1.375 1.100 0.938 - 1.290

Q4 (more than 488.4 cDDDs/year) 2078 (26.2) 371 (20.0) 0.983 0.862 - 1.120 0.911 0.769 - 1.079

Table 2. Association between absolute and average cumulative dose and all-cause mortality risk. The text 
in bold font indicates a statistically significant difference. Abbreviations: aHR, adjusted hazard ratio; CI, 
confidence interval; cDDD, cumulative defined daily dose. a Patients who died were classified as cases. b 
Adjusted for Area of residence, Economic status, Insurance type, Physical activity, Alcohol status, Smoking 
status, Body mass index, Number of outpatient visits per year, Number of admission, Alpha blocker, Prostate 
surgical intervention, Comorbidity.

 

Variables

Control Casea Crude

n or mean (%) or (SD) n or mean (%) or (SD) HR 95% CI

Diabetes mellitus 8565 (58.5) 1832 (59.4) 1.044 0.961 - 1.133

Cancer 4054 (27.7) 1557 (50.5) 2.872 2.641 - 3.123

Stroke 4091 (28.0) 963 (31.2) 1.162 1.063 - 1.269

Psychiatric disorder 11,457 (78.3) 2346 (76.1) 0.851 0.774 - 0.937

Ischemic heart disease 5910 (40.4) 1148 (37.2) 0.859 0.790 - 0.934

Table 1. Baseline characteristics (index date) of mortality cases and matched controls. The text in bold font 
indicates a statistically significant difference. Abbreviations: HR, hazard ratio; CI, confidence interval; cDDD, 
cumulative defined daily dose; n.a, not applicable. a Patients who died were classified as cases. b Inactive; 
insufficiently active, less than 600 metabolic equivalents of task [MET] minutes per week; sufficiently active, 
more than 600 MET-min/week). c Social drinker, consuming alcohol less than once a week; Current drinker, 
consuming alcohol more than once a week. d Including alfuzosin, terazosin, doxazosin, tamsulosin, silodosin, 
and naftopidil. e Including lodine-125 permanent implant for prostate cancer, Intraprostatic injection, 
Prostatectomy, Total prostatoseminal vesiculectomy, Transurethral resection of prostate, Photoselective 
vaporization of the prostate, Holmium laser enucleation of the prostate (HoLEP), Cryosurgical ablation 
of prostate cancer, High intensity focused ultrasound for prostate cancer, Prostatic urethral lift using the 
implantable device. f Not applicable because of matched variable.

 

Scientific Reports |        (2025) 15:10962 6| https://doi.org/10.1038/s41598-025-95583-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


indicating an elevated incidence of self-harm during the early stages of 5-ARI use (< 1.5 years)28Furthermore, 
depressive symptoms, including self-harm, which are linked to completed suicide, may contribute to this higher 
risk34. Plausible mechanisms may explain these findings: 5-ARIs might decrease the levels of neuroactive steroids 
associated with antidepressant effects and diminish the efficacy of antidepressants, and the capacity of finasteride 
to penetrate the blood-brain barrier could potentially heighten these risks35–37. Further research is needed that 
takes into account underlying psychiatric conditions and psychotropic medications.

A relationship between 5-ARI use and CVD-related deaths has not been noted in previous studies21,38,39. 
This study similarly found no statistically significant difference in 5-ARI ever-users and mortality due to CVD. 
However, our findings suggested a decreased mortality risk among users of high cumulative doses (> 5,840 
cDDDs or 1,460 cDDDs/year), correlating with DHT normalization, which has been linked to reduced CVD 
incidence40. Detailed investigations of plasma and free DHT levels relative to 5-ARI doses are warranted to 
further elucidate these effects.

This study offers several notable strengths. It is an inaugural investigation examining the risk of all-cause 
and cause-specific mortality associated with both absolute and average cumulative doses of 5-ARIs in patients 
with BPH and AGA. By utilizing a representative population-based cohort, this study benefited from extensive 
follow-up, robust prescription-based data, and a substantial sample size. This methodology provided critical 
clinical and policy insights, particularly for primary care physicians and policymakers. Additionally, this study 
underscores the importance of educating patients about the potential mortality risks associated with 5-ARI 
treatment.

This study has some limitations. First, although a dose-dependent trend emerged between cumulative 5-ARI 
dosage and mortality, causality could not be established because a nested case-control design was employed. 
Second, privacy protection rules restricted access to cohort data, preventing the examination of several diagnoses 

Variables

Control 
(n = 14630)

Casea 
(n = 3084) All-cause mortality

p-for-trend

All-cause mortality p-for-trend

n (%) n (%) Crude HR 95% CI aHRb 95% CI

5-alpha reductase inhibitor

Never user (5-ARI) 6695 (45.8) 1225 (39.7) 1.000 1.000

Ever user (5-ARI) 7935 (54.2) 1859 (60.3) 1.294 1.190 - 1.407 1.169 1.049 - 1.302

Dutasteride (never user, < 30 cDDDs) 5705 (71.9) 1327 (71.4) 1.285 1.175 - 1.405

0.0160

1.160 1.034 - 1.301

0.4225

Dutasteride (ever user) 2230 (28.1) 532 (28.6) 1.320 1.172 - 1.487 1.182 1.016 - 1.375

30 ~ 365 cDDDs 1424 (63.9) 391 (73.5) 1.534 1.341 - 1.754 1.315 1.109 - 1.559

365 ~ 730 cDDDs 322 (14.4) 67 (12.6) 1.114 0.840 - 1.478 1.063 0.758 - 1.491

730 ~ 1460 cDDDs 285 (12.8) 51 (9.6) 0.967 0.704 - 1.330 0.879 0.598 - 1.293

1460 ~ 2920 cDDDs 150 (6.7) 22 (4.1) 0.758 0.468 - 1.227 0.841 0.479 - 1.479

More than 2920 cDDDs 49 (2.2) 1 (0.2) 0.118 0.016 - 0.857 0.247 0.053 - 1.148

Less than 30 cDDDs/year 987 (44.3) 302 (56.8) 1.766 1.515 - 2.058

0.0041

1.535 1.268 - 1.858

0.3761
30 ~ 180 cDDDs/year 893 (40.0) 176 (33.1) 1.081 0.904 - 1.294 0.938 0.751 - 1.170

180 ~ 365 cDDDs/year 286 (12.8) 50 (9.4) 0.931 0.675 - 1.283 0.988 0.666 - 1.466

More than 365 cDDDs/year 64 (2.9) 4 (0.8) 0.311 0.110 - 0.884 0.233 0.069 - 0.786

Finasteride (never user, < 30 cDDDs) 893 (11.3) 226 (12.2) 1.394 1.184 - 1.641

0.7646

1.315 1.070 - 1.617

0.3557

Finasteride (ever user) 7042 (88.7) 1633 (87.8) 1.280 1.175 - 1.396 1.146 1.026 - 1.281

30 ~ 365 cDDDs 2292 (32.5) 634 (38.8) 1.517 1.356 - 1.696 1.316 1.142 - 1.518

365 ~ 730 cDDDs 943 (13.4) 237 (14.5) 1.377 1.173 - 1.615 1.186 0.971 - 1.449

730 ~ 1460 cDDDs 981 (13.9) 235 (14.4) 1.316 1.120 - 1.545 1.180 0.963 - 1.445

1460 ~ 2920 cDDDs 1008 (14.3) 223 (13.7) 1.221 1.038 - 1.437 1.112 0.905 - 1.368

2920 ~ 5840 cDDDs 819 (11.6) 171 (10.5) 1.131 0.941 - 1.359 0.954 0.758 - 1.201

More than 5840 cDDDs 999 (14.2) 133 (8.1) 0.714 0.585 - 0.874 0.738 0.580 - 0.939

Less than 30 cDDDs/year 1321 (18.8) 346 (21.2) 1.479 1.283 - 1.704

0.9735

1.264 1.093 - 1.462

0.3950

30 ~ 180 cDDDs/year 2293 (32.6) 605 (37.0) 1.467 1.309 - 1.644 1.254 1.087 - 1.445

180 ~ 365 cDDDs/year 1054 (15.0) 244 (14.9) 1.301 1.111 - 1.523 1.252 1.027 - 1.526

365 ~ 730 cDDDs/year 909 (12.9) 212 (13.0) 1.305 1.104 - 1.543 1.092 0.882 - 1.352

730 ~ 1460 cDDDs/year 854 (12.1) 167 (10.2) 1.089 0.908 - 1.306 1.008 0.810 - 1.269

More than 1460 cDDDs/year 611 (8.7) 59 (3.6) 0.503 0.379 - 0.668 0.553 0.394 - 0.774

Table 3. Absolute and average cumulative doses of dutasteride and finasteride and their association with 
all-cause mortality. The text in bold font indicates a statistically significant difference. Abbreviations: aHR, 
adjusted hazard ratio; CI, confidence interval; n.a, not applicable; cDDD, cumulative defined daily dose. a 
Patients who died were classified as cases. b Adjusted for Area of residence, Economic status, Insurance type, 
Physical activity, Alcohol status, Smoking status, Body mass index, Number of outpatient visits per year, 
Number of admissions, Alpha blocker, Prostate surgical intervention, Comorbidity.
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Variables

Control 
(n = 756)

Case 
(n = 154) Completed Suicide

p-for-trendn (%) n (%) aHRa 95% CI

5-alpha reductase inhibitor

Never user (less than 30 cDDDs) 370 (48.9) 57 (37.0) 1.000

Ever user 386 (51.1) 97 (63.0) 1.835 1.149 - 2.932

Cumulative dose

0.3051

Less than 365 cDDDs 132 (34.2) 39 (40.2) 2.025 1.130 - 3.628

365 ~ 730 cDDDs 49 (12.7) 15 (15.5) 1.807 0.815 - 4.006

730 ~ 1460 cDDDs 48 (12.4) 18 (18.6) 2.591 1.207 - 5.563

1460 ~ 2920 cDDDs 59 (15.3) 13 (13.4) 1.415 0.608 - 3.291

More than 2920 cDDDs 98 (25.4) 12 (12.4) 1.123 0.475 - 2.652

Average cumulative dose per year

Less than 30 cDDDs/year 68 (17.6) 26 (26.8) 2.004 1.000 - 4.018

0.2521

30 ~ 180 cDDDs/year 128 (33.2) 32 (33.0) 1.880 1.040 - 3.400

180 ~ 365 cDDDs/year 52 (13.5) 18 (18.6) 2.864 1.319 - 6.218

365 ~ 730 cDDDs/year 64 (16.6) 16 (16.5) 1.842 0.841 - 4.032

More than 730 cDDDs/year 74 (19.2) 5 (5.2) 0.620 0.202 - 1.903

Variables
Control 
(n = 1303)

Case 
(n = 271) Due to CVD

p-for-trend
n (%) n (%) aHR 95% CI

5-alpha reductase inhibitor

Never user (less than 30 cDDDs) 589 (45.2) 113 (41.7) 1.000

Ever user 714 (54.8) 158 (58.3) 0.840 0.585 - 1.207

Cumulative dose

0.0533

Less than 365 cDDDs 233 (32.6) 57 (36.1) 0.914 0.575 - 1.452

365 ~ 730 cDDDs 90 (12.6) 27 (17.1) 1.373 0.713 - 2.644

730 ~ 1460 cDDDs 101 (14.1) 21 (13.3) 0.835 0.436 - 1.598

1460 ~ 2920 cDDDs 110 (15.4) 27 (17.1) 0.824 0.433 - 1.566

2920 ~ 5840 cDDDs 77 (10.8) 18 (11.4) 1.038 0.497 - 2.170

More than 5840 cDDDs 103 (14.4) 8 (5.1) 0.285 0.115 - 0.702

Average cumulative dose per year

Less than 30 cDDDs/year 128 (17.9) 30 (19.0) 0.837 0.465 - 1.507

0.0987

30 ~ 180 cDDDs/year 241 (33.8) 60 (38.0) 0.975 0.614 - 1.548

180 ~ 365 cDDDs/year 113 (15.8) 27 (17.1) 0.876 0.457 - 1.676

365 ~ 730 cDDDs/year 92 (12.9) 22 (13.9) 1.065 0.552 - 2.056

More than 730 cDDDs/year 140 (19.6) 19 (12.0) 0.423 0.213 - 0.840

Variables
Control 
(n = 1283)

Case 
(n = 267) Due to other causesb

p-for-trend
n (%) n (%) aHR 95% CI

5-alpha reductase inhibitor

Never user (less than 30 cDDDs) 1819 (45.2) 321 (37.4) 1.000

Ever user 2202 (54.8) 537 (62.6) 1.279 1.048 - 1.562

Cumulative dose

0.5657

Less than 365 cDDDs 779 (35.4) 231 (43.0) 1.449 1.137 - 1.846

365 ~ 730 cDDDs 272 (12.4) 72 (13.4) 1.475 1.028 - 2.117

730 ~ 1460 cDDDs 319 (14.5) 79 (14.7) 1.314 0.918 - 1.883

1460 ~ 2920 cDDDs 293 (13.3) 66 (12.3) 1.145 0.788 - 1.664

2920 ~ 5840 cDDDs 250 (11.4) 47 (8.8) 0.764 0.498 - 1.170

More than 5840 cDDDs 292 (13.3) 42 (7.8) 0.978 0.635 - 1.504

Average cumulative dose per year

Continued
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(e.g., specific psychiatric or infectious conditions) and variables such as marital status and educational level. 
Despite the rigorous inclusion criteria for BPH and AGA, the risk of misdiagnosis cannot be eliminated. The 
follow-up period and dates of diagnosis were carefully matched, and adjustments were made to account for the 
severity of BPH, including surgical interventions and AB intake. However, the possibility remains that higher 
cumulative doses are indicative of a poorer health status, potentially leading to increased mortality. Finally, the 
study was limited to Korean participants; thus, additional research is needed to assess whether these findings can 
be generalized across different racial and ethnic groups.

In conclusion, this study highlights the complex relationship between 5-ARI dosing and all-cause mortality 
risk in patients with BPH and AGA and indicates increased suicide risk and decreased CVD mortality associated 
with 5-ARI use. Specifically, among patients with BPH or AGA who received low cumulative doses of 5-ARI, 
the risk of completed suicide was more than double compared to non-users. Consequently, it is important to 
closely monitor these individuals—especially at the initial stage or when prescribing low doses—for indicators 
of suicidal risk, such as suicidal ideation, depressed mood, or prior suicide attempts. In addition, maintaining a 
consistent and sufficiently high 5-ARI dosage regimen is advisable.

Data availability
The Korea National Health Insurance Service-National Sample Cohort (NHIS-NSC) is a public open-access da-
tabase. It is based on the health insurance claims data of all Koreans, and the sample cohort is available for public 
purposes and scientific research. The sample cohort data are available after approval for use by the National 
Health Insurance Service (https://nhiss.nhis.or.kr/bd/ab/bdaba000eng.do).
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