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Objectives: Very limited previous research has investigated the utility weights of prostate-related diseases in the general population 

in Korea. The purpose of this study was to calculate the utility of prostate-related health states in the Korean general public using the 

standard gamble (SG) method.

Methods: Seven health states for hypothetical prostate cancers, 1 for benign prostate hyperplasia, and 1 for erectile dysfunction were 

developed based on patient education material and previous publications. In total, 460 responses from the Korean general popula-

tion were used to analyze the utility of prostate-related health states. Computer-assisted personal interviews were conducted, and 

utility values were measured using a visual analogue scale (VAS) and SG. Mean utility values were calculated for each prostate-related 

health state. 

Results: The mean utility values of prostate cancer derived from SG ranged from 0.281 (metastatic castration-refractory prostate can-

cer) to 0.779 (localized prostate cancer requiring prostatectomy). The utility value of benign prostate hyperplasia was 0.871, and that 

of erectile dysfunction was 0.812. The utility values obtained using the SG method in all conditions were higher than the values ob-

tained by VAS. There were no significant demographic variables affecting utility values in multivariate analysis.

Conclusions: Our findings might be useful for economic evaluation and utility calculation of screening and interventions for prostate-

related conditions in the general population.
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INTRODUCTION 

Prostate cancer (PCa) is the most prevalent men malignancy 
and the second most common cause of cancer-related mortal-
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ity in the United States and Europe [1-3]. The incidence of PCa 
has been increasing in recent years in northeast Asian coun-
tries including Korea and Japan [4,5], although remarkable ra-
cial and ethnic differences in incidence have been reported 
[3,6]. In Korea, the crude prevalence rate of PCa in 2016 was 
272.8 per 100 000, ranking third after stomach cancer and 
colorectal cancer [7]. The prevalence of PCa in Korea has in-
creased rapidly between 2000 and 2010, leading to a rapid in-
crease in costs incurred by direct medical care and associated 
morbidity. The direct medical costs of PCa ranked 18th out of 
26 cancer types in 2000, and 8th out of 194 in 2010 [8].

The prevalence of benign prostate hyperplasia (BPH) in Ko-
rea is 2105 per 100 000, and its incidence increases with age 
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[9]. BPH, with its resulting lower urinary tract symptoms (LUTS), 
is a common problem, especially for the elderly. With the in-
creasing life expectancy globally, the prevalence of BPH is 
steadily increasing and it is becoming a major public health is-
sue [10]. The incidence of erectile dysfunction (ED) also in-
creases with age [11,12]. LUTS and ED are closely associated 
with each other in men [13-15]. Of men with BPH-related uri-
nary symptoms from the United States, 71% had co-existing 
ED [15]. BPH-related symptoms can negatively impact quality 
of life.

Due to limited healthcare resources, healthcare policy-mak-
ers are interested in improving the efficiency and efficacy of 
early detection, treatment, and prevention. Therefore, eco-
nomic evaluations are conducted for various healthcare inter-
ventions. As an economic evaluation method, cost-utility anal-
ysis compares cost and health outcomes measured by the util-
ity of healthcare interventions. Utility is an index that combines 
quantitative and qualitative aspects of life [16]. Quality-adjusted 
life years (QALYs), one of the most commonly used indicators 
of utility measures, are calculated by multiplying the length of 
time spent in a particular health state by the utility weight as-
sociated with that health state [17].

Quality weights (utility weights) for prostate-related health 
states are required to estimate QALYs or evaluate the cost–util-
ity of interventions for prostate-related conditions. There are 2 
major methods for measuring quality weights: direct measure-
ment using the standard gamble (SG), time trade-off (TTO), and 
rating scale (RS) techniques, and indirect measurement using 
pre-scored multi-attribute health state classification systems 
(e.g., the EuroQoL-5-Dimension [EQ-5D], Health Utility Index, 
and Short Form-6-Dimen sion) [18].

SG is a classic method for measuring cardinal utilities that is 
based directly on the fundamental axioms of utility theory 
[18]. The SG method has been used less frequently than the 
TTO or RS methods because it may be difficult for respondents 
to understand the concept of probability; however, in some 
studies, SG has been reported to be as feasible and valid for 
measuring social preferences as TTO [19-21]. Although RS 
methods such as the visual analogue scale (VAS) are quick and 
efficient, they are not suitable interval measures compared to 
the preferences measured by TTO or SG [18,19,22-24]. 

Although many studies have examined utility weights for 
PCa, the reported values for similar health states vary widely. 
The causes of this variability include the elicitation method, 
the study subjects (patients or the general public), and the de-

scription of the state of health [25]. Some evidence supports 
substantial differences in the utility value of hypothetical health 
states by race or country [26,27]. It is recommended that most 
countries develop their own population-based preference 
weights for the instruments used in economic evaluation. Al-
though a prior study measured the utility weights of PCa by 
stage and duration of treatment in 160 Korean men aged 40 
to 60 from the general population, that study measured utility 
based on TTO, in which health scenarios with descriptions of 
major clinical symptoms, treatments, and side effects of local, 
locally advanced, and metastatic PCa were presented [28]. 
That study was limited in the number of subjects, included 
men only, and was limited to only 3 PCa states. It had the ad-
vantage of investigating the intensive treatment period and 
the second-year period of the 3 cancer states; however, it had 
the limitation of evaluating 3 cancer states regardless of the 
treatment, even in the same stage [28]. Thus, the utility weights 
of prostate disease in the general population of Korea still re-
quire study. Studies on the utility weights of BPH and ED have 
not been conducted.

The purpose of the present study was to estimate the utility 
weights of prostate-related health states using the SG method 
in the Korean general public. Our findings will be useful in the 
economic appraisal of interventions for prostate-related con-
ditions in Korea. The present study was performed as part of a 
larger research project evaluating the economics of cancer 
screening programs.

METHODS

Health States
Two investigators (MO & SP) created a draft of the prostate-

related health states used in this study based on teaching ma-
terials at a tertiary hospital. One urologist from a tertiary teach-
ing hospital reviewed and revised the draft of the scenario. In 
the scenario development stage, it was confirmed whether 
the content was understood by 2 laypersons. Based on their 
comments, additional explanations were added in parenthe-
ses for words that were difficult to understand (e.g., digital 
rectal examination, facial flushing, retrograde ejaculation).

The prostate-related conditions consisted of 7 PCa states, 1 
BPH state, and 1 ED state. Each PCa health state was designed 
to reflect a specific cancer stage and common treatment regi-
mens. A total of 9 hypothetical scenarios were considered: (1) 
localized PCa requiring prostatectomy; (2) localized PCa re-
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quiring radiation therapy; (3) localized PCa requiring hormone 
therapy; (4) locally advanced PCa requiring combination ther-
apy; (5) locally advanced PCa requiring hormone therapy; (6) 
metastatic PCa; (7) metastatic castration-refractory PCa; (8) BPH; 
and (9) ED. Each scenario consisted of 4 parts: diagnosis, possi-
ble symptoms, treatment strategies and complications, and 
prognosis (including psychological status). The content of all 
scenarios for prostate-related health states is described in Sup-
plemental Material 1.

Study Participants and Survey Procedure
People over 19 years old living in Korea were the target pop-

ulation. A total of 509 people were recruited from the popula-
tion using multi-level stratified quota sampling based on age, 
gender, and level of education. Participants were recruited in 
the streets of the selected region to meet the pre-determined 
quota.

Trained interviewers conducted the survey through com-
puter-aided face-to-face interviewing. The content of the ques-
tionnaire can be clicked on the computer screen; in particular, 
the SG task was designed to visually show the degree of prob-
ability change according to how respondents chose the pre-
ferred alternative. The interviewers had experience conduct-
ing several valuation studies and underwent approximately  
3 hours of training and practice before conducting the survey. 
The interviewers conducted a pilot test of the whole question-
naire among 2 ordinary people and then checked the ques-
tionnaire to see if there were any problems. There were no fur-
ther modifications after the pilot test. The surveys were con-
ducted from March to April of 2016.

After obtaining consent to participate in the study, potential 
participants were asked about gender, age, and level of edu-
cation. Those who met the quota criteria valued 9 health state 
scenarios using the VAS and SG methods. Nine health states 
and death were evaluated by the VAS method, and only 9 
health conditions were evaluated by the SG method. Nine health 
states were randomly presented for the VAS and SG valuation 
work. After valuation, participants were asked questions about 
income, outpatient visits in the past 2 weeks, hospitalization 
in the past 12 months, and current illnesses. 

Valuation Methods
Respondents’ preference for each health state was assessed 

using the VAS and SG approaches. The VAS was used to famil-
iarize respondents with health status descriptions. In the VAS 

approach, respondents were asked to imagine living in the 
given state and then to display the corresponding score using 
a scale of 0 (worst imaginable state) to 100 (best imaginable 
state) points. In the SG valuation tasks, respondents were asked 
to choose whether the given health states were “better than 
death” or “worse than death.” If the respondent evaluated a 
given health state as worse than death, the SG evaluation of 
the health state was terminated. If the respondent evaluated a 
health state as better than death, the respondent was asked 
to choose a preferred option of 2 alternatives: (1) living in a 
given state for the rest of life, or (2) receiving treatment with 2 
possible outcomes, either returning to full health with a prob-
ability of p and living for the rest of one’s life or dying immedi-
ately with a probability of 1-p [23]. The interviewers attempted 
to determine the respondents’ point of indifference between a 
certain outcome of the target health state and receiving treat-
ment with the uncertain prospect of 2 possible outcomes [29]. 
The probabilities for the 2 possible outcomes start at 50:50, and 
the probability changes according to the respondent’s pre-
ferred alternative. The minimum probability interval was 5%.

Statistical Analysis
The number of inconsistencies was calculated to determine 

whether respondents properly assessed each health state. For 
each respondent, the utility values of the BPH state and 7 PCa 
states were compared and defined as inconsistent if the BPH 
utility value was lower than that of each PCa state. The incon-
sistency values for each respondent could range from 0 to 7. 
Data from respondents with an inconsistency value of 2 or less 
were used for final analysis.

The utility weights using the VAS method were calculated 
using the following formula: (x−d)/(100−d), where x corre-
sponds to the VAS value of the health state and d corresponds 
to the VAS value of death [24]. In the SG method, the utility 
weights of health states identified as better than death were 
given as the probability (p) of full health at the respondent’s 
point of indifference, while for states worse than death, utility 
weights for all health states were censored at 0.

The mean, standard deviation (SD), and median utility weights 
of the 9 health states were calculated by the valuation method. 
The mean utility weights according to demographic factors 
and health conditions were compared using the Student t-test 
and analysis of variance. 

Linear mixed analysis was performed to examine the effect 
of covariates on utility weight. The utility weights obtained us-
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ing the SG method were regarded as dependent variables, and 
the demographic factors, clinical information, and health states 
were treated as independent variables. All statistical analyses 
were conducted using SAS version 9.2 (SAS Institute Inc., Cary, 
NC, USA). The p-values <0.05 were considered to indicate sta-
tistical significance.

Ethics Statement
The study was approved by Asan Medical Center’s Institutional 

Review Board (approval No. S2016-0015), which waived the 
requirement for written consent. The study proceeded with 
oral informed consent.

RESULTS

Of the 509 surveyed subjects, the final analysis included 456 
subjects, excluding 53 subjects with an inconsistency value of 

3 or more. The average age of the 456 subjects was 45.5±14.1 
years, and 48.5% were men. Of these, 9.7% had current dis-
eases. The clinical and demographic characteristics of the re-
spondents are shown in Table 1.

The utility weights for prostate-related health states are 
shown in Table 2. The utility weight ranking of health states 
was the same in both VAS and SG methods. However, the mean 
utility weight obtained by SG was higher than that obtained 
by VAS for all health states. The difference in utility values be-
tween the 2 valuation methods ranged from 0.140 to 0.192. 
BPH was assigned the highest utility values (0.730 using VAS 
and 0.871 using SG), while metastatic castration-refractory 
PCa was assigned the lowest utility value (0.110 using VAS and 
at 0.281 using SG). The utility weight of ED was 0.664 in VAS 
and 0.812 in SG. The ranking of health state utility values was 
equal in both valuation methods. The utility values of PCa de-
rived from SG were 0.779 (localized PCa requiring prostatecto-
my), 0.682 (localized PCa requiring radiation therapy), 0.663 
(localized PCa requiring hormone therapy), 0.653 (locally ad-
vanced PCa requiring combination therapy), 0.645 (locally ad-
vanced PCa requiring hormone therapy), 0.349 (metastatic 
PCa), and 0.281 (metastatic castration-refractory PCa).

Table 3 presents comparisons of utility weights according to 
socio-demographic factors. The mean utility weights estimat-
ed by SG were not significantly different according to gender, 
age, educational level, outpatient visits, and admissions. How-
ever, respondents with a current disease tended to have a 

Table 1. Demographic and clinical characteristics of respon-
dents

Characteristics n (%)

Gender

Men 221 (48.5) 

Women 235 (51.5)

Age (y)

19-29 85 (18.6)

30-39 79 (17.3)

40-49 101 (22.2)

50-59 87 (19.1)

≥60 104 (22.8)

Education level

Middle school or below 41 (9.0)

High school 212 (46.5) 

College or above 203 (44.5)

Monthly income (million Korean won)

<3 96 (21.1) 

3-5 220 (48.3) 

>5 140 (30.7) 

Ambulatory care visit in past 2 wk

Yes 39 (8.5)

No 417 (91.4)

Hospitalization in past 12 mo

Yes 10 (2.2)

No 446 (97.8)

Current illness

Yes 44 (9.7)

No 412 (90.4)

Table 2. Utility values of prostate-related health states calcu-
lated using the VAS and SG methods

Health states VAS SG

1. Localized PCa requiring 
 prostatectomy

0.639±0.167/0.661 0.779±0.233/0.850

2. Localized PCa requiring 
 radiation therapy

0.532±0.163/0.556 0.682±0.249/0.750

3. Localized PCa requiring 
 hormone therapy

0.475±0.177/0.464 0.663±0.257/0.700

4. �Locally advanced PCa 
 requiring combination therapy

0.478±0.139/0.490 0.653±0.245/0.700

5. �Locally advanced PCa 
 requiring hormone therapy

0.453±0.178/0.433 0.645±0.251/0.700

6. Metastatic PCa 0.200±0.155/0.200 0.349±0.258/0.300

7. Metastatic 
 castration-refractory PCa 

0.110±0.184/0.096 0.281±0.269/0.200

8. Benign prostatic hyperplasia 0.730±0.154/0.750 0.871±0.201/0.950

9. Erectile dysfunction 0.664±0.175/0.691 0.812±0.241/0.900

Values are presented as mean±standard deviation/median.   
VAS, visual analogue scale; SG, standard gamble; PCa, prostate cancer.
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higher utility weight for most health states than those without 
current disease. Table 4 shows the effect of covariates with 
utility weights obtained using the SG method. In multivariate 
analysis, no socio-demographic variables and health informa-
tion had statistically significant effects on the utility weights of 
health states.

DISCUSSION

In the present study, quality weights for prostate-related 
health states (PCa, BPH, and ED) were elicited using SG and 
VAS from 456 respondents from the general public in Korea. 
The range of PCa quality weights was from 0.281 (metastatic 
castration-refractory PCa) to 0.779 (localized PCa requiring 
prostatectomy). A lower utility weight was estimated for more 
severe PCa states. The utility weight of BPH was 0.871, and the 
utility weight of ED was 0.812.

In the present survey, women were also recruited to evalu-
ate hypothetical prostate-related health states. Prostate dis-
ease and ED only occur in men; however, economic evaluation 
includes preferences of the general population, including both 
men and women [30]. Therefore, in this valuation study, wom-
en were included as participants. Interestingly, there was no 
significant difference in utility weights according to gender for 
any health state. 

We used 2 methods, VAS and SG, to calculate health state 
utility values in the general population. The VAS method is 
easy to administer and has little cognitive burden on respon-
dents. However, as cardinal preferences obtained using the 
VAS are prone to biases, VAS should play a supplemental role 
when calculating utility alone [24]. SG is a classic method for 
measuring respondents’ cardinal utilities under conditions of 
uncertainty [18]. However, subjects from the general popula-
tion may have difficulty understanding the SG method, includ-
ing its use of probability. Nonetheless, several studies have re-
ported that the SG method is acceptable as a valuation meth-
od in Koreans [21,31]. In this study, respondents were first as-
sessed with VAS and then with the SG method so that they 
could become familiar with health state scenarios. Computer-
based visual aids were also used to help respondents under-
stand tasks in the valuation process.

Previous PCa utility studies [28,32-34] have used different 
methodologies, scenarios, and subject groups, and a compari-
son of utility studies is presented in Table 5. In a study using 
the TTO method for Korean men, the utility weight was 0.727 

Table 4. Linear mixed model for factors influencing utility 
weight

Factors

Utility by standard gamble

Coefficient
95% CI

LL UL

Gender 

Men Reference

Women 0.015 -0.019 0.049

Age (y)

19-29 Reference

30-39 -0.026 -0.082 0.030

40-49 0.013 -0.041 0.067

50-59 -0.002 -0.060 0.057

≥60 -0.015 -0.078 0.049

Education level

High school or below Reference

College and above 0.008 -0.033 0.049

Monthly income (million Korean won)

<3 Reference

3-5 -0.018 -0.069 0.034

>5 -0.005 -0.061 0.051

Ambulatory care visit in past 2 wk 

Yes Reference

No -0.015 -0.084 0.053

Hospitalized in past 12 mo

Yes Reference

No 0.040 -0.083 0.163

Morbidity 

Yes Reference

No 0.033 -0.111 0.018

Scenario 

Benign prostate hyperplasia Reference

Localized PCa requiring  
prostatectomy

-0.091 -0.114 -0.067

Localized PCa requiring  
radiation therapy

-0.188 -0.211 -0.165

Localized PCa requiring  
hormone therapy

-0.206 -0.229 -0.183

Locally advanced PCa requiring 
combination therapy

-0.217 -0.240 -0.193

Locally advanced PCa requiring 
hormone therapy

-0.225 -0.248 -0.202

Metastatic PCa -0.516 -0.539 -0.492

Metastatic  
castration-refractory PCa 

-0.581 -0.605 -0.558

Erectile dysfunction -0.058 -0.081 -0.035

CI, confidence interval; LL, lower limit; UL, upper limit; PCa, prostate cancer.
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for local PCa, 0.545 for locally advanced PCa, and 0.321 for 
metastatic PCa at 1 year after diagnosis [28]. These results are 
similar to our findings. Gries et al. [33] evaluated 18 prostate-
specific states with 5 attributes (sexual function, urinary func-
tion, bowel function, pain, and emotional well-being) using 
the SG method. The range of mean value scores for prostate-
specific health states was 0.32-0.81 in the general population 
and 0.46-0.85 in PCa patients [33]. In a Finnish study in which 
utility was measured using the 15-Dimension instrument for 
patients, the mean utility was reported as 0.912 for local can-
cer, 0.897 for locally advanced cancer, and 0.855 for metastatic 
cancer [35]. Krahn et al. [36] investigated the utility of pre-
treatment at 2 months and 12 months after treatment in pa-
tients with localized PCa. The utility of patients who under-
went radical prostatectomy was 0.87 after 2 months and 0.88 
in patients receiving radiation therapy. In a study using EQ-5D 
in patients with PCa, the utility of local PCa patients in the first 
6 months after diagnosis was 0.90; it was 0.74 in metastatic 
cancer patients and 0.59 in those receiving palliative treat-
ment [34]. In a study conducted by Smith and Robert [37], the 
utility weight of the poor ED scenario was 0.91 for men with 
ED and 0.86 for men without ED, reflecting a statistically sig-
nificant difference. 

The EQ-5D is easy to measure because it consists of 5 items, 
and it is a preference-based tool with a social value set devel-
oped in Korea [21]. Utility values can be obtained by adminis-
tering the EQ-5D tool to patients, but it is not easy to recruit 
patients with severe conditions such as metastatic castration-
refractory PCa for each health state. In addition, the utility val-
ue of cancer status is estimated to be higher in patients than 

in direct estimates of the general population. This may be due 
to the adaptive effects of chronically ill patients [38] or the 
ceiling effect of preference-based tools such as the EQ-5D [39]. 
Our study has the advantage of obtaining utility values for a 
diverse range of prostate-related health states by adopting a 
direct evaluation method targeting the general population. 
These findings can be applied in more precise evaluations of 
the effectiveness of screening and intervention for each health 
state. In the present study, SG utility weights were higher than 
VAS values in all hypothetical health states, consistent with 
previous research reports [25,31,37,40]. 

In this study, most demographic variables did not affect the 
valuation of hypothetical scenarios. Respondents with current 
comorbidities reported higher values in several scenarios than 
those without comorbidities. However, comorbidities did not 
significantly affect the utility weights in multivariate analysis. 
It has been reported that patients with PCa [33] or ED [37] have 
higher utility values than people in the general population; 
however, the statistical significance of this difference is not 
known. 

There are several limitations to this study. First, a limited 
number of health states were assessed in light of the cognitive 
burden on respondents. Consequently, the health status sce-
narios were fairly long and involved several possible situations 
that may have made the choices difficult for respondents. It is 
possible that respondents selectively viewed and evaluated 
some elements rather than the full text due to the length of 
the scenarios. Second, we could not determine the response 
rate and non-respondent characteristics because we did not 
collect information about subjects who refused the survey or 

Table 5. Comparison of prostate cancer status utility studies

Study 
Utility of prostatic cancer mean score

Valuation method Study 
subjects NationLocal 

cancer
Locally advanced 

cancer
Metastatic 

cancer

This study 0.663-0.779 0.645-0.653 0.281-0.349 SG (diagnosis, symptom, treatment and side effects, prognosis) Population Korea

Kim et al. [28] 0.653-0.727 0.451-0.545 0.149-0.321 TTO (symptom, treatment, and side effects) Population Korea

Gries et al. [33] 0.32-0.81 SG (sexual function, urinary function, bowel function, pain, and 
emotional well-being)

Population USA

Gries et al. [33] 0.46-0.85 SG (sexual function, urinary function, bowel function, pain, and 
emotional well-being)

Patient USA

Torvinen et al. [34] 0.87-0.90 0.59-0.74 Indirect method using EQ-5D Patient Finland

Bergius et al. [35] 0.912 0.897 0.855 Indirect method using 15-Dimension Patient Finland

Krahn et al. [36] 0.87-0.88 SG-(pain, energy, emotional well-being, social support, and  
relationship with doctor)

Patient Canada

SG, standard gamble; TTO, time trade-off; EQ-5D, EuroQoL 5-Dimension.
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dropped out of the survey. To maintain the representativeness 
of respondents, we used a multistage stratified quota sam-
pling method that accounted for the demographic variables 
of the general population in Korea. Thirdly, we considered the 
“worse than death” state as 0 without applying the SG meth-
od. The percentage of participants who responded “worse 
than death” was 7.5% for the metastatic PCa state, 12.5% for 
the metastatic castration-refractory PCa state, and less than 
3.0% for the remaining states. If health states worse than death 
are also assessed by SG, the utility value of states would likely 
be lower, especially for severe health states.

Our study estimated the utility of 9 prostate-related condi-
tions using the SG method in the general population of Korea. 
Estimated utility values and QALYs could be used to measure 
prostate-related disease burden. These findings could also be 
used to evaluate the cost-utility of various prostate disease in-
terventions, including the PCa screening program.
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