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 Background The Prostate Cancer Prevention Trial (PCPT)—a randomized placebo-controlled study of the efficacy of finasteride 
in preventing prostate cancer—offered the opportunity to prospectively study effects of finasteride and other 
covariates on the health-related quality of life of participants in a multiyear trial. 

 Methods We assessed three health-related quality-of-life domains (measured with the Health Survey Short Form–36: 
Physical Functioning, Mental Health, and Vitality scales) via questionnaires completed by PCPT participants at 
enrollment (3 months before randomization), at 6 months after randomization, and annually for 7 years. Covariate 
data obtained at enrollment from patient-completed questionnaires were included in our model. Mixed-effects 
model analyses and a cross-sectional presentation at three time points began at 6 months after randomization. 
All statistical tests were two-sided. 

 Results For the physical function outcome (n = 16 077), neither the finasteride main effect nor the finasteride interaction 
with time were statistically significant. The effects of finasteride on physical function were minor and accounted 
for less than a 1-point difference over time in Physical Functioning scores (mixed-effect estimate = 0.07, 95% 
confidence interval [CI] = −0.28 to 0.42, P = .71). Comorbidities such as congestive heart failure (estimate = −5.64, 
95% CI = −7.96 to −3.32, P < .001), leg pain (estimate = −2.57, 95% CI = −3.04 to −2.10, P < .001), and diabetes (esti-
mate = −1.31, 95% CI = −2.04 to −0.57, P < .001) had statistically significant negative effects on physical function, as 
did current smoking (estimate = −2.34, 95% CI = −2.97 to −1.71, P < .001) and time on study (estimate = −1.20, 95% 
CI = −1.36 to −1.03, P < .001). Finasteride did not have a statistically significant effect on the other two dependent 
variables, mental health and vitality, either in the mixed-effects analyses or in the cross-sectional analysis at any 
of the three time points. 

 Conclusion Finasteride did not negatively affect SF–36 Physical Functioning, Mental Health, or Vitality scores. 

  J Natl Cancer Inst 2012;104:1373–1385

Research addressing the effect of finasteride, an inhibitor of 
5α-reductase (the enzyme that converts testosterone to dihydrotes-
tosterone), on health-related quality of life has been conducted pri-
marily in the context of two medical conditions: benign prostatic 
hyperplasia and alopecia. Three studies that addressed the effects 
of finasteride on benign prostatic hyperplasia (1–3) were generally 
well-powered, with a measurement focus on disease-specific symp-
toms; improvement associated with finasteride was observed for 
disease-specific symptoms (except for sexual function) and impact 
on daily activities or bother items. Less change was observed in 
these studies for more general measures of health-related quality 
of life, such as global health-related quality of life, life satisfaction, 
and worry or concern. Two small studies addressed the impact of 
finasteride on depression among patients treated for alopecia: one 
study reported moderate to severe depression or mood disturbance 

in 19 of 23 patients (4); the other, a single-arm study with 144 
patients, reported a statistically significant increase in two meas-
ures of depression (ie, more depression) 2 months after treatment 
with finasteride (5). However, the results of the alopecia studies 
were preliminary and require confirmation in more patients.

The Prostate Cancer Prevention Trial (PCPT) was a 7-year 
double-blind, placebo-controlled randomized trial of finasteride 
as a preventive agent for prostate cancer (6–9). There was a 24.8% 
reduction in the prevalence of prostate cancer over the 7-year trial 
duration associated with finasteride treatment (9). In that initial report 
(9), finasteride was associated with increased sexual dysfunction; 
however, a subsequent publication demonstrated that the level of 
sexual dysfunction was minimal and decreased over time (10). 

Given the sparse data regarding long-term finasteride use 
and health-related quality of life, we felt that it was important to 
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monitor this outcome in the PCPT. We have previously reported 
the baseline health-related quality of life of men who entered the 
PCPT (11) and on changes in sexual functioning according to 
PCPT study arm assignment (10). In this report, we examine the 
effect of finasteride treatment on health-related quality of life, with 
particular focus on physical function results, over the course of 
the 7-year study. In this article, we refer to the physical function 
domain as measured by the Physical Functioning scale.

Subjects and Methods
Participants
The PCPT enrolled 24 482 men between October 13, 1993, and 
January 9, 1997. After a 3-month placebo-only run-in period, 18 882 
men were randomly assigned to finasteride or placebo. Study crite-
ria required that men were aged 55 years or older at randomization; 
additional inclusion criteria are described in the primary article 
(9). The PCPT protocol and consent forms were approved by the 
institutional review board of each participating research site, and 
all men who participated in the PCPT provided written informed 
consent. Figure 1 shows the CONSORT diagram for the sample of 
participants considered in this analysis of health-related quality of 
life. The analysis examined the 7-year longitudinal change among 
PCPT participants in three health-related quality-of-life domains: 
physical function, mental health, and vitality. However, because 
results for the mixed-effects models for the three domains were 

similar, we present only the physical function mixed model results 
and cross-sectional results. To be included in the physical function 
analysis, participants were required to have had all covariates meas-
ured at time of enrollment (age, race, body mass index, smoking 
status, Physical Functioning Scale, Mental Health Scale, Vitality 
Scale, Bodily Pain Scale, education level, marital status, diabetes, 
hypertension, American Urological Association Symptom Index 
score, Sexual Activities Scale score, leg pain, and congestive heart 
failure); in addition, a minimum of two postrandomization Physical 
Function measures were required. These constraints yielded a sam-
ple size of 16 077 participants (Figure 1). 

Participants completed questionnaires about their health-related 
quality of life at enrollment, at 6 months after randomization, and 
annually for 7  years; health behavior covariates were collected 
at enrollment only (11). Health-related quality-of-life outcome 
measures and covariates are briefly described below; more detailed 
information can be found in other publications (9–11). 

Health-Related Quality-of-Life Outcomes and Study 
Covariates
Health-related quality of life was a secondary endpoint in the PCPT 
(11) and was measured by the Short Form–36 questionnaire (SF–36) 
(12–15). The SF–36 allows calculation of eight scales representing 
different physical and mental health areas (including the Physical 
Functioning, Mental Health, Vitality, and Bodily Pain scales used 
in this analysis) and two overall summary measures produced by 

Figure 1. CONSORT flow diagram for Prostate Cancer Prevention Trial participants who were included in the health-related quality-of-life analyses. 
The characteristics of these participants are described in Table 1. A total of 16 077 participants had the following characteristics and were included in 
the Physical Functioning analysis: a Physical Functioning enrollment score and a Physical Functioning score available for at least two subsequent 
time points. Tables 2 and 3 include all participants who submitted a specific Health Survey Short Form–36 at each time point. 
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combining the scores on the eight different scales. The individual 
scales were preferred over the summary measures for this analysis 
because each represents a single health area; we wanted to assess 
potential changes due to treatment over time in each health area 
without having a negative change in one area obscured by a positive 
change in another. Individual scales are based on responses to dif-
ferent numbers of questions (range = 1–10 questions). The Physical 

Functioning and Mental Health scales were considered primary 
outcomes for this analysis because they could reflect the impact of 
finasteride on two key aspects of health-related quality of life, and 
they have excellent measurement properties (12–15); the Vitality 
scale was examined as a secondary outcome. We also considered the 
SF–36 Physical Functioning, Mental Health, Vitality, and Bodily 
Pain measures as covariates. Each SF–36 measure was scored on a 

Table 1. Characteristics of participants included in the physical function model at randomization* 

 Characteristics

Finasteride Placebo

(N = 7860) (N = 8217)

Mean age, y (SD) 63.12 (5.66) 63.15(5.66)
Age distribution, No. (%)  
 <55 y 1 (0) 1 (0)
 55–59 y 2467 (31) 2620 (32)
 60–64 y 2491 (32) 2472 (30)
 65 y 2901 (37) 3124 (38)
Race, No. (%)  
 White 7269 (92) 7619 (93)
 Black† 293 (4) 285 (3)
 Other 298 (4) 313 (4)
Annual household income distribution, No. (%)  
 $0–$10 000 16 (0) 9 (0)
 $10 001–$30 000 3217 (43) 3221 (41)
 $30 001–$50 000 3627 (48) 3946 (50)
 $50 001–$70 000 578 (8) 629 (8)
 >$70 000 84 (1) 64 (1)
Unknown 338 348
Marital status, No. (%)  
 Never married 180 (2) 204 (2)
 Previously married‡ 696 (9) 790 (10)
 Presently married or in marriage-like relationship 6984 (89) 7223 (88)
Education level, No. (%)  
 High school graduate, GED, or less 1485 (19) 1478 (18)
 Vocational or training school or some college 2262 (29) 2383 (29)
 College graduate 1293 (16) 1365 (17)
 Post-college education 2820 (36) 2991 (36)
Smoking status at PCPT enrollment, No. (%)  
 Lifetime nonsmoker 2575 (33) 2766 (34)
 Former smoker 4686 (60) 4821 (59)
 Current smoker 599 (8) 630 (8)
  Mean No. cigarettes smoked/day (SD) 15.24 (8.02) 14.95 (7.96)
  Mean No. years of smoking (SD) 43.90 (5.90) 44.00 (5.94)
Mean AUA Symptom Index score (SD) 6.66 (4.79) 6.61 (4.72)
Mean Sexual Activity Scale score (SD) 43.95 (19.71) 43.78 (19.73)
Mean total weekly fat intake, g (SD) 202.68 (130.43) 201.65 (131.15)
Mean serum HDLC, mg/dL (SD) 42.88 (11.25) 42.67 (11.14)
Mean BMI, kg/m2 (SD) 27.68 (4.10) 27.72 (4.15)
Mean MET-hours of walking (SD) 13.74 (18.44) 13.19 (17.54)
Mean No. alcoholic beverages per day (SD) 0.79 (1.20) 0.79 (1.17)
Health-related quality-of-life measures, mean (SD)  
 Bodily Pain score 82.43 (18.74) 82.24 (18.68)
 Mental Health score 81.46 (12.91) 81.34 (12.95)
 Vitality score 71.46 (14.87) 71.17 (15.05)
 Physical Function score 88.66 (15.69) 88.31 (16.41)
Comorbidities, No. (%)  
 Diabetes 409 (5) 473 (6)
 Hypertension 2093 (27) 2227 (27)
 Leg pain 1307 (17) 1407 (17)
 Congestive heart failure 49 (1) 32 (0)

* GED = general equivalency diploma; PCPT = Prostate Cancer Prevention Trial; AUA = American Urological Association; HDLC = high-density lipoprotein cholesterol; 
BMI = body mass index; MET = metabolic equivalent.

† Includes black Hispanic.

‡ Divorced, separated, or widower.
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scale of 0–100, with higher scores reflecting better health-related 
quality of life. 

Demographic, Clinical Status, Health Behavior, and Genitourinary 
Status Covariates at Enrollment. Self-reported race was coded 
as white (non-Hispanic), black (regardless of ethnicity), or other. 
Education level and marital status were also self-reported. Age at 
enrollment (in years) was calculated by subtracting the participant’s 
birth date from the date of enrollment. Data describing body mass 
index (BMI) and comorbidities (diabetes, hypertension, congestive 
heart failure, leg pain) were collected by clinical research associates. 
Bodily pain was measured with the SF–36 scale. 

Metabolic equivalent tasks in hours (MET-hours) of physical 
activity were calculated by assigning specific calorie-burning rates 
to walking speeds that were self-reported in the health behaviors 
questionnaire (16–18). A health behaviors questionnaire also col-
lected information on self-reported consumption of beer, wine, 
and liquor; items were summed to determine drinks per day. Total 
weekly fat intake in grams was calculated with the Block Diet 
Screener with the substitution of the nine response categories 
from the Food Frequency Questionnaire (19). Three categories of 
smoking status were identified at enrollment and used instead of 
pack-years (E.R. Gritz, personal communication): current smoker, 
smoker who quit, and nonsmoker (reference category). 

The four-item Sexual Activity Scale (0–100 response scale) was 
developed for the PCPT and is described in two previous pub-
lications (10,11). The American Urological Association (AUA) 
Symptom Index (20,21) score can range from 0 to 35.

Statistical Methods 
Questionnaire submission rates were calculated for each treatment 
arm by dividing the number of questionnaires submitted by the num-
ber of participants who were expected to complete the questionnaire. 

Scores for each SF–36 scale were calculated according to the instruc-
tions provided in the SF–36 manual (14). A hierarchical model was 
ultimately selected for this analysis. Each participant had a curve fit 
to his scores over time, and then the parameters of the curve were 
modeled using covariates of interest. The fit of the curve and mod-
eling of covariates were performed simultaneously as a mixed-effects 
model, with the curve parameters as random effects and the covari-
ates as fixed effects, using SAS software (version 9.2; SAS Institute 
Inc, Cary, NC). This method assumes the random effects follow a 
normal distribution and that missing data are missing at random. 
The discussion of how these assumptions were tested follows. 

Non-normally Distributed Data and Curve Selection. Mean 
values for the Physical Functioning, Mental Health, and Vitality 
measures were high in the PCPT population (see Table  2), and 
the individual scales were slightly skewed. Plots of individual scale 
trajectories over time generally appeared linear. Therefore, two 
different curves were considered: a hockey stick model (21), using 
all scores for a participant over time (pretreatment [enrollment] 
and posttreatment) with a parameter for a posttreatment change 
in slope, and a model using posttreatment scores to fit a line with 
the pretreatment (enrollment) score used as a covariate. The nor-
mality of the curve parameters was assessed for each model type. 
Results of these preliminary models suggested that the line using 
the enrollment score as a covariate was more appropriate for the 
physical function outcome; there was no difference between the 
models for the mental health outcome. For all three measures, the 
curve was fit as a line using the enrollment score as a covariate. 
The analysis set for each measure was composed of men with an 
enrollment score and at least two postenrollment scores (necessary 
to estimate the intercept and slope of the line for each participant). 

Effect of Missing Data on Model. To determine whether the pres-
ence of missing data was biasing estimates of the effect of finasteride 

Table 2. Health-related quality-of-life questionnaire submission rates: Physical Function, Mental Health, and Vitality Scales by treatment 
group and assessment time 

Assessment 
time

Questionnaire  
submitted*

Physical Function  
Score usable†

Mental Health Score  
usable‡

Vitality Score  
usable§

Finasteride  
No. (%)

Placebo  
No. (%)

Finasteride  
No. (%)

Placebo  
No. (%)

Finasteride  
No. (%)

Placebo  
No. (%)

Finasteride  
No. (%)

Placebo  
No. (%)

Enrollment 9422 (100) 9454 (100) 9420 (100) 9449 (99.9) 9399 (99.7) 9423 (99.6) 9406 (99.8) 9435 (99.8)
Time after randomization
 6 mo 8529 (94.5) 8711 (94.7) 8484 (94.0) 8669 (94.3) 8476 (93.9) 8661 (94.2) 8476 (93.9) 8665 (94.2)
 1 y 8193 (97.1) 8591 (97.7) 8185 (97.0) 8578 (97.6) 8174 (96.8) 8564 (97.4) 8175 (96.8) 8565 (97.4)
 2 y 7289 (96.9) 7902 (96.9) 7273 (96.7) 7885 (96.7) 7256 (96.5) 7870 (96.5) 7259 (96.5) 7868 (96.5)
 3 y 6720 (97.0) 7330 (96.6) 6695 (96.6) 7310 (96.4) 6679 (96.4) 7298 (96.2) 6686 (96.5) 7297 (96.2)
 4 y 6272 (97.1) 6917 (97.1) 6236 (96.5) 6883 (96.6) 6220 (96.3) 6855 (96.2) 6223 (96.3) 6854 (96.2)
 5 y 5948 (97.1) 6515 (96.6) 5917 (96.6) 6472 (96.0) 5884 (96.1) 6440 (95.5) 5886 (96.1) 6442 (95.5)
 6 y 5605 (96.4) 6176 (96.3) 5557 (95.6) 6119 (95.4) 5532 (95.2) 6106 (95.2) 5532 (95.2) 6107 (95.2)
 7 y‖ 5034 (96.9) 5462 (96.7) 4961 (95.5) 5393 (95.5) 4941 (95.1) 5374 (95.1) 4939 (95.1) 5374 (95.1)

*  The primary reason for missing forms was a participant going off the assigned prevention agent, including men who were diagnosed with prostate cancer during 
the trial and men who died. Questionnaire submission rates were calculated for each treatment arm as the number of questionnaires submitted divided by the 
number of participants expected to complete the questionnaire (ie, the number on study long enough to reach specific assessment point).

† If more than 2 items omitted, the Physical Functioning score is not usable.

‡ If more than 1 item omitted, the Mental Health score is not usable.

§ If more than 1 item omitted, the Vitality score is not usable.

‖ Due to early trial closure, approximately 300 participants completed a final questionnaire at 6 y 6 mo or at 6 y 9 mo instead of at 7 y.
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vs placebo on health-related quality-of-life outcomes, we com-
pared model coefficients for two sets of participants: the analysis 
set (those who had all covariates and at least enrollment and two 
follow-up Physical Functioning scores [n = 16 077], and those who 
had enrollment and all follow-up assessments [n = 9194]). Model 
coefficients for these two sets of participants were similar (data not 
shown). In addition, we applied multiple imputation (using the data 
present to repeatedly estimate missing values of the covariates and 
response values). Models with data missing at random are expected 
to produce stable parameter estimates in multiple imputation as 
well as estimates that are relatively similar to those produced by 
running the model on the analysis set. Multiple imputation pro-
duced very stable estimates that were similar to (ie, well within the 
95% confidence intervals of) the parameters estimated when run-
ning the model on the analysis set (data not shown). The compari-
son of the models on the analysis set and the set of men with all 
assessments available, and the stable results of multiple imputation, 
suggest that the missing-at-random assumption is reasonable. 

Covariate Selection. Our selection of covariates was based on our 
review of the literature and suggestions from the members of the 
PCPT Quality-of-Life Advisory Committee. As a result of these 
deliberations, we identified primary and secondary sets of covari-
ates. Time on study appears in all models (continuous variable, 
ranging from 0 at 6 months after randomization to 6.5 at 7 years 
after randomization); this covariate also serves as a surrogate for 
the effect of aging. The primary (or core) set of covariates, which 
was always included in the model, included finasteride (0  =  no 
finasteride, 1  =  finasteride); age at enrollment (continuous); race 
(three categories: non-Hispanic white, black, and other, coded 
with two indicator variables using non-Hispanic white as the ref-
erent group); BMI (continuous); current smoking status (three 
categories: current, former, and nonsmoker, coded with two indi-
cator variables using nonsmokers as the referent group); Physical 
Functioning score at enrollment (continuous); interaction between 
Physical Functioning score at enrollment and finasteride; Vitality 
score at enrollment (continuous); Bodily Pain score at enrollment 
(continuous); and an interaction term with time for each of these 
covariates. Secondary covariates included years of post–high school 
education (continuous, rescaled so that some college or vocational 
school = 1, college graduate or higher = 2), marital status (0 = single 
at enrollment, 1 = married or marriage-like relationship at enroll-
ment), MET-hours of exercise walking per week (continuous), 
weekly total fat intake (in grams, continuous), diabetes (0  =  no, 
1 = yes), hypertension (0 = no, 1 = yes), AUA Symptom Index score 
(continuous), Sexual Activity Scale score (continuous), leg pain 
(0 = no, 1 = yes), and congestive heart failure (0 = no, 1 = yes). All 
possible subsets of secondary covariate main effects were generated 
with the restriction that if a covariate was included in a model, its 
interaction with time was always required to be included (and vice 
versa). Different variables had different levels of missingness; to 
compare the fit of these models fairly, a dataset with no missing val-
ues for all covariates was generated. The models were all fit on this 
“no missing values” dataset, and the best model was selected using 
the Bayesian Information Criterion (22). To further examine the 
possible effects of finasteride on the three health-related quality-
of-life–dependent variables, we examined higher-order interaction 

models, which were generated by simultaneously adding to each 
“best” model the two-way interactions of the covariate and finas-
teride and the three-way interactions of the covariate, finasteride, 
and time. These higher-order interactions did not statistically sig-
nificantly improve the model fit: Bayesian Information Criterion 
values were higher (worse) and differences in log-likelihood were 
not statistically significant; all P-values were greater than .10.

Model Fit Assessments. Three mixed-effects models (23) with cor-
related random time slopes and intercepts were used to estimate 
the fixed effects of finasteride treatment, time, demographic, and 
comorbidity covariates for physical function, mental health, and 
vitality; depending on the outcome variable of interest, the partici-
pant’s score at enrollment was included in that model. An interac-
tion of finasteride with enrollment physical function was included 
in the physical function model; similar interaction terms were not 
required for the mental health and vitality outcome models, as they 
did not improve the model fit. The mixed-effects model also pro-
vided variance estimates describing participant differences in score 
curve trajectories (ie, variance estimates for individual slopes and 
intercepts). 

Clinically Significant Predictors. We adjusted the following con-
tinuous covariates by subtracting the population median from 
the unscaled value at enrollment: age, BMI, Mental Health score, 
Vitality score, Physical Functioning score, Bodily Pain score, 
Sexual Activity Scale, AUA Symptom Index, MET-hours walking, 
and weekly total fat intake. The intercept term in each of the three 
models could be interpreted as the health-related quality-of-life 
score for the “median man” at 6 months after randomization (ie, a 
man in the placebo arm of the PCPT who was a nonsmoker, nondi-
abetic, nonhypertensive, did not have congestive heart failure, was 
never married, had a high school education or less, had no leg pain, 
and median scores on all linear covariates at enrollment). To further 
assist in the interpretation of the model results, we re-expressed 
the mixed-effects model estimates in three ways. First, the inter-
actions with time are described in cross-sectional fashion at three 
time points (time 0 = 6 months after randomization, and at 3.5 and 
6.5 years after time 0 [4 and 7 years after randomization, respec-
tively]). Second, we compared the effect magnitude relative to the 
natural variation among similar men (ie, the systematic variability 
for individuals who share the same covariate profile). To calculate 
an effect ratio, the mean Physical Functioning score for participants 
having the condition (eg, diabetes) was subtracted from the mean 
score for those not having the covariate or condition; the ratio of 
this difference to the SD in Physical Functioning true scores for 
men sharing a similar covariate profile produces the effect ratio. 
This SD is estimated from the square root of the between-per-
son variance of the intercept (ie, the Physical Functioning score 
when time = 0) from the mixed-effects analysis. Third, we based 
the expected impact of health-related quality-of-life covariates on a 
10-point change in health-related quality of life (24). 

According to the SF–36 manual, a sample size of 1364 persons 
with a repeated measures design has 80% power to detect a 2-point 
difference between two groups (eg, finasteride and placebo) in 
a Physical Functioning score change over time (eg, one group 
remaining stable over time, with the other declining as little as 2 
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points over time); sample sizes of 824 and 1108 are required to 
detect a 2-point difference between two groups for a change in 
score over time for Mental Health and Vitality scores, respectively 
[see Table 7.4 in Ware et al. (14)]. 

All analyses were done using SAS software; models were fitted 
with PROC MIXED in SAS (22). All tests of statistical significance 
were two-sided; P-values less than .05 were considered statistically 
significant. 

results
Participant Characteristics and Questionnaire 
Submission Rates
Demographic and clinical characteristics of study participants 
were similar between the finasteride and placebo arms (Table 1). 
At all nine time points, the submission rates for questionnaires 
with useable scores for the three primary health-related quality-of-
life outcomes (Physical Functioning, Mental Health, and Vitality) 
exceeded 93% (Table  2). Questionnaire submission rates were 
less than 95% only at the 6-month postrandomization assessment 
(range = 93.9%–94.7%) (Table 2). 

Health-Related Quality-of-Life Outcomes
Descriptive Results. Table 3 shows sample sizes, mean scores, and 
SDs by study arm at all time points for each of the three primary 
health-related quality-of-life outcomes; higher scores reflect better 
health-related quality of life. In both treatment arms, the Mental 
Health score increased and the Physical Functioning and Vitality 
scores decreased over time. However, there were no statistically 
significant differences in the mean scores for any SF–36 scale 
between the finasteride and placebo groups at any time point. We, 
therefore, highlight model results rather than these descriptive 
results because the models incorporate the effects of covariates. 

Mixed-Effects Model Results: Physical Function. The full results of 
the mixed-effects model analysis for physical function are presented 
in Table  4. The Physical Functioning score at enrollment was a 
strong predictor of later physical function (estimate = 0.50, 95% 
confidence interval [CI] = 0.48 to 0.51, P < .001; time interaction 
estimate = −0.009, 95% CI = −0.012 to 0.005, P < .001). Neither 

finasteride as a main effect (estimate = 0.07, 95% CI = −0.28 to 0.42, 
P = .71) nor the finasteride interaction with time (estimate = −0.08, 
95% CI = −0.19 to 0.01, P = .08) had a statistically significant effect 
on Physical Functioning scores. The interaction of finasteride with 
the enrollment Physical Functioning score was statistically sig-
nificant (estimate = 0.03, 95% CI = 0.01 to 0.05, P =  .004). This 
finding indicates that although the intercept of each participant’s 
curve over time was higher, on average, in the finasteride group 
than the placebo group, the difference depended on the enrollment 
Physical Functioning score. The finasteride main effect, finasteride 
interaction with enrollment Physical Functioning, and finasteride 
effect over time (interaction) were combined to calculate an over-
all finasteride effect on Physical Functioning, which was small (see 
“Discussion” below). 

Although most of the regression coefficients were statistically 
significantly different from zero, the magnitudes of most effect 
estimates were small. The following covariates were associated 
with lower Physical Functioning scores and had larger effect esti-
mates relative to other estimates such as the finasteride main effect: 
diabetes (estimate = −1.31, 95% CI = −2.04 to −0.57, P < .001; time 
interaction estimate = −1.04, 95% CI = −1.24 to −0.83, P < .001); 
hypertension (estimate = −0.73, 95% CI = −1.11 to −0.35, P < .001; 
time interaction estimate = −0.23, 95% CI = −0.34 to −0.13, P < 
.001); congestive heart failure (estimate = −5.64, 95% CI = −7.96 to 
−3.32, P < .001; time interaction estimate = 0.25, 95% CI = −0.44 
to 0.94, P  =  .48); leg pain (estimate = −2.57, 95% CI = −3.04 to 
−2.10, P < .001; time interaction estimate = −0.15, 95% CI = −0.28 
to −0.02, P =.03); and current smoking status at enrollment (esti-
mate = −2.34, 95% CI = −2.97 to −1.71, P < .001; time interaction 
estimate  =  −0.49, 95% CI  =  −0.67 to −0.31, P < .001). In addi-
tion, participant time on study was also negatively associated with 
Physical Functioning scores (estimate = −1.20, 95% CI = −1.36 to 
−1.03, P < .001). 

Although the mixed-effects model results for mental health and 
vitality were generally similar to those for physical function, some 
differences were observed (data not shown). Finasteride was not 
associated with change in the Mental Health score over time (esti-
mate = −0.28, 95% CI = −0.48 to 0.07, P =  .14; time interaction 
estimate = 0.02, 95% CI = −0.04 to 0.08, P = .43). The strongest 
positive predictors of Mental Health over time were enrollment 

Table 3. Quality-of-life scale scores by treatment arm and assessment time for participants with usable scores* 

Assessment  
time

Physical Functioning score Mental Health score Vitality score

Finasteride Placebo Finasteride Placebo Finasteride Placebo

Enrollment 88.4 (16.0) 88.1 (16.6) 81.2 (13.0) 81.1 (13.1) 71.1(15.0) 70.9(15.2)

Time after randomization

 6 mo 87.6 (16.8) 87.4 (17.1) 83.0 (12.8) 83.4 (12.6) 71.3 (16.1) 71.3 (16.2)
 1 y 86.6 (17.5) 86.7 (17.3) 83.4 (12.7) 83.4 (12.8) 70.5 (16.7) 70.5 (16.7)
 2 y 85.9 (18.0) 86.0 (17.7) 83.7 (12.6) 83.9 (12.7) 70.4 (16.9) 70.4 (16.7)
 3 y 84.9 (18.5) 85.0 (18.5) 83.9 (12.8) 83.9 (12.7) 69.8 (17.1) 69.6 (17.4)
 4 y 84.0 (19.1) 84.2 (19.0) 84.1 (12.6) 84.1 (12.6) 69.6 (17.6) 69.2 (17.6)
 5 y 82.8 (20.2) 83.5 (19.1) 84.0 (13.0) 84.1 (12.8) 68.9 (17.8) 68.9 (17.8)
 6 y 81.9 (20.9) 82.3 (20.6) 84.0 (13.0) 84.3 (12.8) 68.7 (17.9) 68.6 (18.3)
 7 y 81.3 (21.0) 81.8 (20.8) 84.1 (12.8) 84.4 (13.0) 68.5 (18.1) 68.8 (17.9)

* Data represent the mean score (SD). Physical Functioning, Mental Health, and Vitality scores can range from 0 to 100, and higher scores reflect better physical 
function, mental health, or vitality. 
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Table 4. Mixed model results of treatment, covariate, and individual effects on report of physical function during 7 years of follow-up 
(N = 16 077)*

Effect Description Estimate (95% CI) P†

Intercept On-average entry Physical Functioning score 90.69 (90.08 to 91.30) <.001
Time Time (in y) = 0 at first 6-mo visit −1.20 (−1.36 to −1.03) <.001
Age‡ Age (in y) at enrollment (median = 63 y) −0.25 (−0.28 to −0.22) <.001
Time × age Interaction with time −0.08 (−0.09 to −0.07) <.001
Finasteride Treatment arm: finasteride = 1, placebo = 0 0.07 (−0.28 to 0.42) .71
Time × finasteride Interaction with time −0.08 (−0.19 to 0.01) .08
Black race Race – black: black = 1, non-black = 0 −0.93 (−1.82 to −0.05) .04
Time × black race Interaction with time −0.08 (−0.33 to 0.16) .50
Other race Race – other: non-white and non-black = 1, white or black = 0 −1.09 (−2.36 to 0.19) .09
Time × other race Interaction with time 0.10 (−0.28 to 0.47) .62
BMI‡ BMI at enrollment, (weight in kg)/(height in m)2; 18.5–24.9 kg/m2 is  

considered normal (median = 27.13 kg/m2)
−0.29 (−0.33 to −0.25) <.001

Time × BMI Interaction with time −0.05 (−0.06 to −0.04) <.001
Current smoking Indicator, current smoker at enrollment: yes = 1, no = 0 −2.34 (−2.97 to −1.71) <.001
Time × current smoking Interaction with time −0.49 (−0.67 to −0.31) <.001
Physical Function score‡ SF–36 Physical Functioning score at enrollment: 0–100,  

higher = better functioning (median = 95)
0.50 (0.48 to 0.51) <.001

Finasteride × Physical Function 
score

Finasteride interaction with SF–36 Physical Function score at  
enrollment

0.03 (0.01 to 0.05) .004

Time × Physical Function score Interaction with time −0.009 (−0.012 to −0.005) <.001
Vitality score‡ SF–36 Vitality score at enrollment: 0–100, higher = less fatigue 

(median = 75)
0.09 (0.07 to 0.10) <.001

Time × Vitality score Interaction with time 0.01 (0.01 to 0.16) <.001
Bodily Pain score‡ SF–36 Bodily Pain score at enrollment: 0–100, higher = less pain 

(median = 84)
0.10 (0.09 to 0.11) <.001

Time × Bodily Pain score Interaction with time −0.0004 (−0.0032 to 0.0024) .78

Variables added to a model containing all of the above variables
Education level Years of education at enrollment, beyond high school, rescaled:  

0 = high school or less, 1 = some college or vocational school,  
2 = college graduate or higher

0.52 (0.37 to 0.66) <.001

Time × education level Interaction with time 0.06 (0.02 to 0.10) .005
Marital status Married at enrollment: 0 = no, 1 = yes 0.92 (0.41 to 1.43) <.001
Time × marital status Interaction with time 0.19 (0.05 to 0.33) .008
MET-hours/wk of walking‡ MET-hours/wk of exercise through  

walking at enrollment (median = 7)
0.03 (0.02 to 0.04) <.001

Time × MET-hours/wk  
of walking

Interaction with time −0.0019 (−0.0006 to 0.0045) .14

Diabetes Diabetes at enrollment: yes = 1, no = 0 −1.31 (−2.04 to −0.57) <.001
Time × diabetes Interaction with time −1.04 (−1.24 to −0.83) <.001
Hypertension Hypertension at enrollment: yes =1, no = 0 −0.73 (−1.11 to −0.35) .000
Time × hypertension Interaction with time −0.23 (−0.34 to −0.13) <.001
Mental Health score‡ SF–36 Mental Health score at enrollment: 0–100, higher  

score = better mental health (median = 84)
−0.06 (−0.08 to −0.04) <.001

Time × Mental Health score Interaction with time −0.004 (−0.009 to −0.000) .05
AUA Symptom Index‡ AUA score at enrollment: 0–35, higher score = more urinary  

symptoms (median = 6)
−0.10 (−0.13 to −0.06) <.001

Time × AUA Symptom Index  
score

Interaction with time −0.01 (−0.02 to 0.00) .16

SAS score‡ SAS score at enrollment: 0–100, higher score = more sexual  
activity (median = 39)

−0.03 (−0.04 to −0.02) .10

Time × SAS score Interaction with time −0.003 (−0.005 to −0.0000) .02
Leg pain Leg pain at enrollment: yes = 1, no = 0 −2.57 (−3.04 to −2.10) <.001
Time × leg pain Interaction with time −0.15 (−0.28 to −0.02) .03
Congestive heart failure Congestive heart failure at enrollment: yes = 1, no = 0 −5.64 (−7.96 to −3.32) <.001
Time × congestive heart failure Interaction with time 0.25 (−0.44 to 0.94) .48

* CI = confidence interval; BMI = body mass index; SF–36 = Health Survey Short Form–36; MET = metabolic equivalent; AUA = American Urological Association; 
SAS = Sexual Activity Scale.

† Two-sided t-test. 

‡ Variable adjusted by subtracting median score (median is shown in brackets in description column) 
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marital status (estimate = 1.28, 95% CI = 0.86 to 1.70, P < .001), the 
Mental Health score at enrollment (estimate = 0.43, 95% CI = 0.41 
to 0.44, P < .001; time interaction estimate = −0.01, 95% CI = −0.02 
to −0.01, P < .001), Bodily Pain scores at enrollment where higher 
scores reflect less pain (estimate  =  0.06, 95% CI  =  0.05 to 0.07,  
P < .001), enrollment Vitality score (estimate = 0.04, 95% CI = 0.03 
to 0.05, P < .001), and enrollment Physical Functioning score 
(estimate = 0.03, 95% CI = 0.02 to 0.04, P < .001). The strongest 
negative predictors of Mental Health scores over time were current 
smoking at enrollment (estimate = −1.42, 95% CI = −1.98 to −0.86, 
P < .001), diabetes (estimate  =  −0.78, 95% CI  =  −1.39 to −0.17, 
P  =  .012; time interaction estimate  =  −0.29, 95% CI  =  −0.42 to 
−0.16, P < .001), the AUA Symptom Index (estimate = −0.14, 95% 
CI = −0.17 to −0.11, P < .001), and the Sexual Activity Score (esti-
mate = −0.037, 95% CI = −0.045 to −0.030, P < .001). 

Finasteride was not associated with change in the Vitality score 
over time (estimate = −0.05, 95% CI = −0.38 to 0.28, P = .807; time 
interaction estimate  =  0.01, 95% CI  =  −0.07 to 0.09, P  =  .083). 
Positive predictors of change in the Vitality score were black race 
(estimate = 1.86, 95% CI = 0.96 to 2.76, P < .001), marital status 
(estimate = 1.11, 95% CI = 0.60 to 1.63, P < .001; interaction with 
time estimate = 0.23, 95% CI = 0.11 to 0.35, P < .001), the Vitality 
score at enrollment (estimate = 0.57, 95% CI = 0.56 to 0.59, P < 
.001; interaction with time estimate = −0.007, 95% CI = −0.010 to 
0.003, P < .001), enrollment BMI (estimate = −0.09, 95% CI = −0.13 
to −0.05, P < .001; interaction with time estimate  =  −0.02, 95% 
CI  =  −0.03 to −0.01, P < .001), enrollment Physical Function 
score (estimate = 0.07, 95% CI = 0.06 to 0.08, P < .001), enroll-
ment Bodily Pain score (estimate = 0.06, 95% CI = 0.05 to 0.07, 
P < .001), MET-hours of walking at enrollment (estimate = 0.04, 
95% CI = 0.03 to 0.05, P < .001). Negative predictors of change 
in the Vitality score were current smoking at enrollment (esti-
mate = −1.81, 95% CI = −2.45 to −1.18, P < .001; time interaction 
estimate = −0.27, 95% CI = −0.42 to −0.12, P < .001); enrollment 
leg pain (estimate  =  −1.61, 95% CI  =  −2.08 to −1.13, P < .001); 
diabetes at enrollment (estimate = −1.58, 95% CI = −2.32 to −0.83, 
P < .001; time interaction estimate  =  −0.63, 95% CI  =  −0.81 to 
−0.46, P < .001); hypertension (estimate = −0.82, 95% CI = −1.21 to 
−0.44, P < .001); AUA Symptom Index score (estimate = −0.24, 95% 
CI = −0.27 to −0.20, P < .001); enrollment Mental Health score 
(estimate = −0.07, 95% CI = −0.09 to −0.06, P < .001); and enroll-
ment Sexual Activity Scale score (estimate = −0.04, 95% CI = −0.05 
to −0.03, P < .001). 

Cross-sectional Perspective: Physical Function. Because the unfamil-
iar metrics and model complexity make it difficult to understand the 
practical meaning of estimates from mixed-effect models, in Table 5 
we provide additional interpretations of these data. To understand 
how interactions with time modified the effects of covariates, we 
chose three time points: T = 0 (ie, 6 months after randomization), 
T = 3.5 years after baseline (ie, 4 years after randomization), and 
T  =  6.5  years after baseline (ie, 7  years after randomization). At 
each time point, we combined the respective covariate and inter-
action effects to yield a cross-sectional perspective. We calculated 
our estimates to reflect clinically meaningful differences. For 
example, a clinically meaningful difference is presence or absence 
of a comorbidity (ie, diabetes, hypertension, or congestive heart 

failure). For some linear covariates (eg, BMI or age), a 1-unit diffe-
rence is clinically meaningful. However, a 1-point difference on an 
SF–36 scale is clinically negligible. A 10-point difference has been 
previously documented as clinically meaningful for 0–100 scales 
(24). Therefore, estimates in Table 5 for the SF–36 scales are multi-
plied by 10 to display the effect of a 10-point difference. 

Finasteride was not statistically significantly associated with the 
Physical Functioning score at any of the three time points (Table 5). 
Having diabetes at enrollment was associated with an 8.06-point 
decrease in the Physical Functioning score at 6.5 years after ran-
domization (95% CI = −9.37 to −6.75, P < .001). Being on study 
for 7 years was associated with 7.77-point decrease in the Physical 
Functioning score by the end of the study (95% CI  =  −8.87 to 
−6.67, P < .001). Being a current smoker at enrollment was associ-
ated with a 5.53-point decrease in the Physical Functioning score at 
6.5 years after randomization (95% CI = −6.67 to −0.53, P < .001). 
Congestive heart failure, leg pain, and hypertension at enrollment 
were associated with 4.01-point (95% CI = −8.40 to 0.38, P = .073), 
3.54-point (95% CI  =  −4.36 to −2.72, P < .001), and 2.26-point 
(95% CI  =  −2.93 to −1.59, P < .001) decreases, respectively, in 
Physical Functioning scores at 6.5 years after randomization. 

Variability among individual participants in Physical Functioning 
score was high: the SD of individual intercepts (estimated by maxi-
mum likelihood) was approximately 8.92. This is the amount by 
which a typical man’s expected Physical Functioning score would 
differ from the average Physical Functioning score for all similar 
men (those sharing the same treatment assignment, enrollment, 
Physical Functioning level, and other covariate values). The esti-
mated difference between any two randomly chosen men with the 
same covariate profile is 12.62 points in Physical Functioning score. 
Even some of the larger effects (such as the −5.53-point effect at 
6.5 years after randomization of being a current smoker at enroll-
ment) are small compared with this systematic inter-individual 
variability. To expand on the importance of considering inter-indi-
vidual variation in clinical trial results (25) and to provide context 
for interpreting the clinical importance of the covariates associated 
with self-reported physical function, we include Figure  2, which 
compares the relative expected impacts of covariates on Physical 
Functioning scores at 6 months after randomization (T = 0) with 
that at 7 years after randomization (T = 6.5 years). 

In addition, in Table 5 we also present the semistandardized effect 
sizes for dichotomous covariates as a ratio of the estimate to the SD 
of the random intercept term (this SD scales systematic variability 
across individuals who share the same predictor profile). This effect 
ratio is an estimate of how large the average cross-condition effect 
is compared to the amount a typical patient systematically differs 
from the within-condition (those who shared a predictor profile) 
average. The magnitudes of the ratios for the effect of finasteride on 
Physical Functioning scores over time were very small (effect ratios 
of 0.01, −0.02, and −0.05 at the three time points), reflecting the 
clinically unimportant effect of finasteride on Physical Functioning 
scores. By contrast, 6.5 years after randomization, the effect ratio for 
having diabetes at study enrollment was −0.90, which is a clinically 
large effect on Physical Functioning scores (26). Current smoking 
at enrollment had a moderate effect on Physical Functioning scores, 
with an effect ratio of −0.62 at 6.5 years after randomization. Both 
of these variables were more important over time than having other 
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comorbidities at study enrollment with moderate to small effect 
sizes over time, such as leg pain (effect ratio = −0.45). 

Discussion
In this study, we found that taking finasteride over a 7-year period 
did not affect any of the three primary health-related quality-
of-life domains—physical function, mental health, or vitality— 
either positively or negatively. Other medical and behavioral 
variables, such as comorbidity status and being a current smoker 

at study enrollment, had the largest effects on physical function. 
The findings from the study entry health-related quality-of-life 
profile for PCPT participants also provided early indication of 
the negative impact of comorbid medical conditions (particu-
larly diabetes) on Physical Functioning scores at study entry. 
However, covariate effects for the 7-year trial period were 
smaller than differences observed between any two men with 
similar covariate profiles, indicating that natural sources of vari-
ation were a major source of differences in reported Physical 
Functioning scores. 

Figure 2. Relative levels of treatment, covariate, and individual effects on change in Physical Functioning scores. This figure illustrates the expected 
impact, in Physical Functioning points (adjusted for Physical Functioning level at T = 0 [6 months after randomization]), of study covariates as 
well as individual differences (expected difference between two “similar” men and the expected deviation from “similar” men). Individual differ-
ences pertain to systematic variation in Physical Functioning among patients sharing the same covariate profile (including receipt of finasteride). 
Effects on Physical Functioning are also shown at T = 6.5 (7 years after randomization). Covariates associated with a negative impact on Physical 
Functioning scores are preceded by a minus sign (−) and those associated with a positive impact on Physical Functioning scores are preceded by 
a plus sign (+). 
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To put our results in perspective, it is important to keep in mind 
that the PCPT enrolled healthy men (11) interested enough in pre-
venting cancer that they committed to a 7-year trial that addressed 
the value of finasteride as a preventive agent. Finasteride resulted in 
a 25% reduction in the 7-year prevalence of histologically proven 
prostate cancer (9). Although the initial results (9) revealed a higher 
prevalence of high-grade prostate cancer in men who were randomly 
assigned to receive finasteride compared with men who received pla-
cebo, a later analysis that adjusted for several biases found that fin-
asteride did not increase the risk of high-grade prostate cancer (27). 
However, it is also important to include health-related quality-of-life 
outcomes in primary cancer prevention trials to ensure that preven-
tative agents do not negatively impact the quality of life in healthy 
men, as noted by Rowland et al. (28). To this end, we included the 
SF–36 measure of health-related quality of life in the PCPT as well 
as two measures of sexual function (the Sexual Activity Scale and 
Sexual Problems Scale), because a decrease in sexual function was a 
known side effect of taking finasteride (7,9). In a previous publication 
(10), we examined the effects of finasteride on the Sexual Activity 
Scale and found a very small effect of finasteride on this scale that 
decreased over time and was much smaller than the typical variability 
observed between men sharing a similar covariate profile. 

Finasteride is approved for the treatment of benign prostatic 
hyperplasia (29). PCPT participants in the finasteride arm reported 
a 40%–44% reduction in incident, symptomatic benign prostatic 
hyperplasia compared with men who received placebo (30,31). 
These lower urinary tract symptoms have been associated with 
more falls in men (32). Benign prostatic hyperplasia symptoms are 
also associated with reduced health-related quality of life (33,34). 
These findings suggest that the use of finasteride to control benign 
prostatic hyperplasia symptoms may have health-related quality-of-
life benefits that were not measured in the PCPT. Taken together 
with the other findings discussed above, our results indicate that 
finasteride is a low-risk preventative agent with minimal impact on 
health-related quality of life. 

A possible limitation of this study is that health-related quality-
of-life data were not collected from participants who went off study 
(either temporarily or permanently). However, we conducted two 
sets of analyses to evaluate the impact of missing data on health-
related quality-of-life estimates and found that both estimates 
were similar to those generated for participants with all follow-up 
assessments. 

In conclusion, taking finasteride for 7 years did not appear to 
harm general aspects of health-related quality of life. Mean SF–36 
scores for PCPT participants receiving finasteride were very similar 
to those for participants receiving placebo at 7 years; however, par-
ticipants who had comorbid medical conditions at study enrollment 
reported compromised health-related quality of life (11), and this 
relationship between comorbidity status and health-related quality 
of life persisted over time. Our results show that natural sources of 
variability in this heterogeneous population and comorbidity sta-
tus at study entry, particularly diabetes and current smoking status, 
had a greater clinically relevant impact on the Physical Functioning 
score than did finasteride treatment. Our findings reinforce the 
need to consider individual differences in age, time on study, smok-
ing status, and medical comorbidities when evaluating the effect of 
different preventive interventions on health-related quality of life. 
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