
INTRODUCTION

Prostate cancer is the fifth leading cause of cancer 
mortality and the second most common cancer in men 
[1]. In 2012, there were 1.1 million new cases and two-

thirds occurred in developed countries [1]. Incidence 
rates of prostate cancer vary by 25 folds in different 
ethnicities and the highest rates are observed in the 
white people while Asian populations have the lowest 
rates [1]. In contrary to the declining secular trend in 
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the western world, Asian populations show an increas-
ing trend [2]. Data from Taiwan showed that both the 
incidence of [3] and mortality from [4] prostate cancer 
are increasing steadily. The discrepancy in secular 
trends in different countries may partly reflect the 
different times of adoption of prostate-specific antigen 
(PSA) in clinical use or as a screening tool. However, 
variations in genetic susceptibility and risk factors 
such as obesity, physical inactivity and increased ani-
mal fat consumption are also possible explanations [1].

Pioglitazone is an oral antidiabetic drug that targets 
the peroxisome proliferator-activator receptor gamma 
(PPARγ) and improves insulin resistance. Although 
controversial, a concern of bladder cancer associated 
with pioglitazone use has been raised [5,6]. However, 
such an increased risk of bladder cancer was not simi-
larly observed in patients using rosiglitazone [6,7]. On 
the other hand, rosiglitazone may increase the risk 
of macrovascular disease [8], but pioglitazone shows a 
beneficial effect [9]. Therefore, different PPARγ ago-
nists have different effects on vascular disease and 
cancer.

Pioglitazone exerts an anti-cancer effect on prostate 
cancer cells in in vitro and in vivo studies [10-15]. How-
ever, such a benefit has not been extensively studied in 
humans and findings remain controversial. Although a 
meta-analysis suggested a null association [6], a cohort 
analysis estimated a significant hazard ratio [HR] of 
1.13 (95% confidence interval [CI], 1.02–1.26) for prostate 
cancer associated with pioglitazone use [5]. A 10-year 
observational follow-up of  the PROspective piogli-
tAzone Clinical Trial In macroVascular Events (PRO-
active) trial suggested that the benefits of pioglitazone 
on macrovascular diseases are no longer observed when 
the drug is discontinued [16]. Though not significant, 
pioglitazone discontinuation after the trial was associ-
ated with an increased risk of prostate cancer (relative 
risk, 1.47; 95% CI, 0.93–2.34) [16]. A recent nested case-
control study using the UK primary care data showed 
a non-significant risk reduction of prostate cancer in 
patients who used pioglitazone (odds ratio [OR], 0.759; 
95% CI, 0.502–1.148) [17].

In Taiwan, a matched case-control study that en-
rolled 3,513 cases with prostate cancer and 3,513 con-
trols without prostate cancer estimated an adjusted OR 
of 0.59 (95% CI, 0.43–0.80) associated with pioglitazone 
use [18]. Because of the inherent limitations associated 
with the cross-sectional and matched case-control study 

design, the temporal correctness for a cause to precede 
an effect could not be assured. Furthermore, the data-
base was derived from a sample of one million people 
randomly selected from the general population compos-
ing of diabetes patients and non-diabetes people. This is 
not appropriate for assessing the effect of pioglitazone, 
a drug that can only be prescribed to patients with 
type 2 diabetes mellitus (T2DM). Finally, the duration 
of pioglitazone exposure was not assessed in this study 
[18].

In the present retrospective cohort study conducted 
in Taiwan, we used the longitudinal database of the 
National Health Insurance (NHI) to enroll a cohort of 
ever users and never users of pioglitazone matched on 
propensity score (PS) to investigate the risk of prostate 
cancer associated with pioglitazone.

MATERIALS AND METHODS

Since March 1, 1995, Taiwan started to implement a 
unique, compulsory and universal healthcare system, 
the NHI. This healthcare system covers >99.6% of the 
population of Taiwan. Across the nation, all in-hospi-
tals and more than 93% of all medical settings are con-
tracted with the NHI Administration of the Ministry 
of Health and Welfare to provide medical services.

For the protection of privacy, personal information 
had been de-identified before the data were released 
for analyses. The system used for disease coding in the 
database was the International Classification of Dis-
eases, 9th Revision, Clinical Modification (ICD-9-CM). 
According to this coding system, diabetes mellitus was 
coded by 250.XX and prostate cancer by 185.

PS was created by logistic regression that included 
the date of entry and all baseline characteristics shown 
in Table 1 as independent variables. The procedures 
followed to create a PS-matched cohort of ever users 
and never users of pioglitazone enrolled for analyses 
in the study are depicted in Fig. 1. All patients were 
newly diagnosed of diabetes mellitus between 1999 and 
2005. To reduce the probability of a misdiagnosis of 
diabetes mellitus, the patients should have received at 
least two prescriptions of antidiabetic drugs at the out-
patient clinics (n=423,949). After excluding ineligible 
patients shown in Fig. 1, 152,806 patients were identi-
fied. In consideration that ever users and never users 
in this unmatched original sample would have imbal-
anced baseline characteristics, we used the Greedy 8→1 
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digit match algorithm [19] to create a cohort of 1:1 PS-
matched pairs of ever and never users. According to 
this algorithm, the best match was first selected based 
on the same highest 8 digits of the PS. If no matched 
pair could be selected on 8 digits, ever and never users 
were then matched on 7 digits. Sequential matching 
continued to the lowest digit until a matched pair was 
found. As a result, 20,437 ever users and 20,437 never 
users of pioglitazone were enrolled for analyses.

The standardized differences were calculated for 
all covariates as a test of balance diagnostics because 
standardized differences are not influenced by sample 
size [20]. A threshold value of >10% was considered as 
an indicator of potential confounding [20]. Hypothesis 
tests by chi-square test or Student’s t-test were discour-
aged for assessing imbalance in covariates between two 

subgroups derived from PS matching because of two 
main reasons, as pointed out by Austin [20] and Stuart 
[21], respectively. First, significance levels are affected 
by sample size and second, “balance is a property of a 
particular sample” and “reference to a superpopulation 
is inappropriate” [20].

Kaplan–Meier curves were plotted for ever users and 
never users in patients aged <65 years and ≥65 years, 
respectively. The differences between ever users and 
never users were tested by logrank test.

Cumulative duration (months) and cumulative dose 
(mg) of pioglitazone use were calculated. A potential 
dose-response relationship was assessed by analyzing 
the HRs among the tertiles of these parameters. The 
incidence density of prostate cancer was calculated for 
different subgroups with regards to pioglitazone expo-

Table 1. Characteristics of never and ever users of pioglitazone

Variablea Never users 
(n=20,437)

Ever users  
(n=20,437)

Standardized 
difference

Age (y) 61.10±12.03 61.12±11.55 0.41
Diabetes duration (y) 6.22±2.54 6.16±2.38 -3.79
Hypertension (401–405) 14,656 (71.71) 14,688 (71.87) 0.40
Chronic obstructive pulmonary disease (490–496) 8,250 (40.37) 8,173 (39.99) -0.91
Stroke (430–438) 4,377 (21.42) 4,306 (21.07) -0.84
Nephropathy (580–589) 4,103 (20.08) 4,085 (19.99) -0.16
Ischemic heart disease (410–414) 7,462 (36.51) 7,461 (36.51) -0.02
Peripheral arterial disease (250.7, 785.4, 443.81, 440–448) 3,661 (17.91) 3,721 (18.21) 1.02
Eye disease (250.5, 362.0, 369, 366.41, 365.44) 3,253 (15.92) 3,397 (16.62) 2.68
Obesity (278) 739 (3.62) 741 (3.63) -0.07
Dyslipidemia (272.0–272.4) 15,014 (73.46) 15,244 (74.59) 2.72
Benign prostatic hyperplasia (600) 5,500 (26.91) 5,346 (26.16) -1.63
Urinary tract diseases (590–599) 9,583 (46.89) 9,476 (46.37) -1.19
Statin 10,189 (49.86) 10,401 (50.89) 2.35
Fibrate 7,871 (38.51) 8,121 (39.74) 2.69
Angiotensin converting enzyme inhibitor/angiotensin receptor blocker 12,470 (61.02) 12,614 (61.72) 1.74
Calcium channel blocker 9,993 (48.90) 10,087 (49.36) 1.01
Sulfonylurea 12,781 (62.54) 13,657 (66.82) 8.75
Metformin 13,586 (66.48) 13,834 (67.69) 0.59
Insulin 633 (3.10) 593 (2.90) -1.62
Acarbose 1,849 (9.05) 1,811 (8.86) -1.05
Aspirin 10,229 (50.05) 10,344 (50.61) 1.20
Ticlopidine 778 (3.81) 779 (3.81) 0.07
Clopidogrel 1,352 (6.62) 1,370 (6.70) 0.44
Dipyridamole 6,394 (31.29) 6,495 (31.78) 1.26
Prostate-specific antigen 771 (3.77) 712 (3.48) -1.78

Values are presented as mean±standard deviation or number (%).
aThe numbers shown in parentheses are the disease codes according to the International Classification of Diseases, 9th Revision, Clinical Modifi-
cation.
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sure: never users, ever users and ever users divided by 
the tertile cutoffs of the exposure parameters. The in-
cident number of prostate cancer diagnosed by the end 
of follow-up was the numerator. The denominator was 
the duration of follow-up expressed as person-years. 
Follow-up ended when any of the following events oc-
curred first until December 31, 2011: a patient died, a 
new diagnosis of prostate cancer or the last record in 
the database.

Cox regression was used to estimate HRs based on 
the incorporation of the inverse probability of treat-
ment weighting using the PS [21]. In the main analy-
ses, HRs for ever users versus never users and for each 
tertile of the exposure parameters versus never users 
were estimated. The dose-response relationship was 
also tested by p-trend for the respective parameters.

In Taiwan, pioglitazone 30 mg is the most commonly 
prescribed daily dose. However, a smaller dose may be 
prescribed to older patients and a higher dose may be 
prescribed to patients with poorer glycemic control. To 
examine whether the daily dose might differently af-
fect the risk in patients aged <65 years and ≥65 years, 
the age-specific risk was calculated for three subgroups 
of daily dose of pioglitazone, i.e., <30 mg/day, 30 mg/
day, and >30 mg/day, at the first prescription and the 
last prescription, respectively. HRs were also estimated 
for the different subgroups of daily dose with estima-
tion of the p-trend.

The age-specific incidence rates and the HRs for age 
<40 years, 40–64 years, 65–74 years and ≥75 years for 
the diabetes men in the present study were calculated. 
To compare the risk in the diabetes patients to the 

n=421,549

n=420,866

n=373,736

n=367,584

n=195,975

n=159,299

n=152,806

Patients with a new-onset diabetes in 1999-2005 and had been prescribed antidiabetic drugs
for 2 or more times in the outpatient clinics

(n=423,949)

Excluding patients with type 1 diabetes mellitus (n=2,400)

Excluding patients with missing data (n=683)

Excluding patients who had been diagnosed (at outpatient clinics or hospitalization)
as having any cancer before entry or diagnosed of any cancer within 6 months of
diabetes diagnosis (n=47,130)

Excluding patients aged under 25 years (n=6,152) at entry

Excluding women (n=171,609)

Excluding rosiglitazone users (n=36,676)

Excluding patients who had been followed up for <6 months (n=6,493)

Other antidiabetic drugs users
n=125,847 (82.36%) (prostate cancer=1,218 [0.97%])

Pioglitazone users
n=26,959 (17.64%) (prostate cancer=130 [0.48%])

Never users of pioglitazone
n=20,437 (prostate cancer=143 [0.70%])

Ever users of pioglitazone
n=20,437 (prostate cancer=121 [0.59%])

1:1 matched pairs of ever users and never users of pioglitazone

Fig. 1. The procedures followed in selecting a matched-pair sample for analyses.
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non-diabetes population, the age-specific cumulative 
incidence rates of prostate cancer reported for the age 
subgroups of 40–64 years, 65–74 years and ≥75 years 
(data for age <40 years were not reported) in the non-
diabetes general population of Taiwan during a 3-year 
period from 2003 to 2005 [3] were recalculated as in-
cidence rates expressed as per 100,000 person-years as 
referents for comparison.

Statistical analyses were conducted by using the ver-
sion 9.4 of the SAS statistical software developed by 
SAS Institute (Cary, NC, USA). Significant difference 
based on statistical hypothesis testing was defined by a 

p-value <0.05.

Ethics statement
The databases are handled by the National Health 

Research Institutes and the study was approved with 
number 99274 by an Ethic Review Board of the insti-
tutes. Written informed consent was not required ac-
cording to local regulations because all personal data 
had been de-identified and the patients could not be 
contacted.
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Fig. 2. Kaplan–Meier curves comparing prostate cancer-free probability between pioglitazone ever users and never users in patients aged <65 
years (A) and aged ≥65 years (B), respectively. HR: hazard ratio, CI: confidence interval.

Table 2. Incidences of prostate cancer and hazard ratios by pioglitazone exposure in main analyses

Pioglitazone use
Case  

number
Incident  

cases
Person-years  
of follow-up

Incidence rate  
(per 100,000 person-years)

Hazard  
ratio

95% confidence 
interval

p-value

Total
    Never users 20,437 143 66,001.32 216.66 1.000
    Ever users 20,437 121 68,812.16 175.84 0.815 0.639–1.039 0.0987
Tertiles of cumulative duration of pioglitazone therapy (mo)
    Never users 20,437 143 66,001.32 216.66 1.000
    <6.83 6,740 43 19,592.31 219.47 1.044 0.741–1.471 0.8062
    6.83–20.23 6,747 42 20,319.52 206.70 0.975 0.690–1.377 0.8840
    >20.23 6,950 36 28,900.33 124.57 0.539 0.374–0.778 0.0010
    p-trend 0.0259
Tertiles of cumulative dose of pioglitazone therapy (mg)
    Never users 20,437 143 66,001.32 216.66 1.000
    <5,040 6,728 41 19,370.57 211.66 1.008 0.710–1.429 0.9665
    5,040–15,330 6,741 48 20,713.96 231.73 1.090 0.785–1.515 0.6066
    >15,330 6,968 32 28,727.64 111.39 0.484 0.330–0.711 0.0002
    p-trend 0.0227
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RESULTS

The baseline characteristics of never users and ever 
users of pioglitazone enrolled for analyses are shown in 
Table 1. The two groups were well balanced in covari-
ates because all values of standardized difference were 
not >10% (Table 1).

The Kaplan–Meier curves in Fig. 2 suggested a 
significant risk reduction in patients aged <65 years 
(Fig. 2A) but not in patients aged ≥65 years (Fig. 2B). 
The two curves for the age subgroups of <65 years did 
not separate until after a follow-up duration of >30 
months, suggesting that the benefit of pioglitazone re-
quired a prolonged duration of its use.

The incidence of prostate cancer and the HRs in the 
main analyses are shown in Table 2. The number of 
incident cases of prostate cancer was 121 for ever users 
and 143 for never users. The incidence rate for ever us-
ers was 175.84 per 100,000 person-years and for never 
users 216.66 per 100,000 person-years. Though not sta-
tistically significant, an overall lower risk of prostate 
cancer was observed among ever users (HR, 0.815; 95% 
CI, 0.639–1.039; p=0.0987). In the tertile analyses of 
cumulative duration and cumulative dose, the HRs sig-
nificantly indicated a lower risk in the third tertiles of 
>20.23 months and >15,330 mg, respectively. All values 
of p-trend were <0.05, suggesting a dose-response effect 
in terms of the two exposure parameters.

Table 3. Hazard ratios for prostate cancer according to pioglitazone daily dose

Age subgroup/prescription  
time/daily dose of pioglitazone

Case 
number

Incident  
case

Person-years  
of follow-up

Incidence rate  
(per 100,000 person-years)

Hazard  
ratio

95% confidence 
interval

p-value

Age <65 y
    Never users 45 13,416 43,070.11 104.48 1.000
    Ever users 28 13,345 45,526.05 61.50 0.578 0.360–0.927 0.0231
First prescription (mg/day)
    Never users 45 13,416 43,070.11 104.48 1.000
    <30 11 5,277 18,297.47 60.12 0.562 0.290–1.087 0.0868
    30 17 7,901 26,680.88 63.72 0.599 0.342–1.048 0.0726
    >30 0 167 547.70 0.00 -
    p-trend 0.1201
Last prescription (mg/day)
Never users 45 13,416 43,070.11 104.48 1.000
    <30 5 3,743 12,700.55 39.37 0.367 0.146–0.925 0.0336
    30 21 9,151 31,296.25 67.10 0.632 0.376–1.063 0.0840
    >30 2 451 1,529.25 130.78 1.221 0.296–5.037 0.7828
    p-trend 0.2495
Age ≥65 y
    Never users 98 7,021 22,931.21 427.37 1.000
    Ever users 93 7,092 23,286.10 399.38 0.951 0.715–1.265 0.7292
First prescription (mg/day)
    Never users 98 7,021 22,931.21 427.37 1.000
    <30 41 2,967 9,631.14 425.70 1.019 0.706–1.469 0.9210
    30 52 4,043 13,372.10 388.87 0.915 0.653–1.284 0.6081
    >30 0 82 282.87 0.00 -
    p-trend 0.3308
Last prescription (mg/day)
    Never users 98 7,021 22,931.21 427.37 1.000
    <30 31 2,362 7,612.03 407.25 0.968 0.645–1.451 0.8737
    30 61 4,555 15,071.74 404.73 0.960 0.696–1.324 0.8037
    >30 1 175 602.34 166.02 0.388 0.054–2.784 0.3467
    p-trend 0.4699

-: not available.
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Table 3 shows the HRs in subgroups of daily dose 
prescribed at the first and the last prescriptions and 
in patients aged <65 years and ≥65 years, respectively. 
A lower risk associated with pioglitazone could only be 
seen in patients aged <65 years; and among them, only 
those who used the lowest dose of <30 mg/day at the 
last prescription showed a significant risk reduction 
(HR, 0.367; 95% CI, 0.146–0.925). There was not any sig-
nificant association in patients aged ≥65 years.

Table 4 shows the incidences of prostate cancer and 
the HRs in different age subgroups in the diabetes pa-
tients and the age-specific incidence rates in Taiwanese 
non-diabetes men. The benefit of pioglitazone could 
only be seen in patients aged <65 years. Because no 
case of prostate cancer was observed in pioglitazone us-
ers aged <40 years, we additionally calculated the inci-
dence rates and HR for the age subgroup of <65 years. 
For age <65 years, the incidence rate was 61.50 per 
100,000 person-years among ever users in comparison to 
104.48 per 100,000 person-years among never users. The 
HR that compared ever to never users in this age sub-
group was 0.578 (95% CI, 0.360–0.927; p=0.0231). Never-
theless, either the incidence rates of 64.40 per 100,000 
person-years in pioglitazone users aged 40–64 years 
or 61.50 per 100,000 person-years in pioglitazone users 
aged <65 years was still higher than the incidence of 
45.11 per 100,000 person-years in the non-diabetes men 
aged 40–64 years.

DISCUSSION

The present study suggested a reduced risk of pros-
tate cancer among pioglitazone users in patients aged 
<65 years but not in those aged ≥65 years (Fig. 2). 
Significant benefit of pioglitazone would not be obvi-
ous until after a long follow-up of approximately 30 
months (Fig. 2). In the main analyses, significantly 
reduced risk would be seen in the third tertile of cu-
mulative duration of >20.23 months or in the third ter-
tile of cumulative dose of >15,330 mg (Table 2). When 
analyzed by daily doses, the benefit of pioglitazone was 
only significant in patients aged <65 years and when 
the daily dose at the last prescription was <30 mg/day 
(Table 3). Because the incidence rate in the pioglitazone 
ever users was still higher than the incidence among 
their non-diabetes counterparts (Table 4), additional 
factors have to be intervened for further reduction of 
the risk in patients with T2DM.

Because PSA is a screening tool that may lead to 
detection bias, we conducted secondary analyses after 
excluding patients who had received such a test. The 
estimated HR was 0.765 (95% CI: 0.591-0.989, p=0.0409). 
We also calculated the p-values for the continuous 
variables of age and diabetes duration with Student’s 
t test and for all other categorical variables in Table 1 
with chi-square test. Six variables, i.e., diabetes dura-
tion, dyslipidemia, statin, fibrate, sulfonylurea, and 
metformin, had p-values <0.05. A Cox model was then 
created by adjusting these variables and the HR was 
0.799 (95% CI: 0.626–1.020; p=0.0718). These additional 
secondary analyses suggested that the conclusion of a 
potential lower risk of prostate cancer associated with 
pioglitazone use was rather consistent.

The mechanisms of how pioglitazone may reduce 
the risk of prostate cancer remain to be answered. The 
effects of different PPARγ agonists including trogli-
tazone, ciglitazone, rosiglitazone and pioglitazone may 
not be the same [22,23]. In cellular studies, pioglitazone 
reduced the expression of PSA via an inhibition of the 
androgen activation of PSA promoter [10], induced p21 
(a cyclin-dependent kinase inhibitor) [12], up-regulated 
the expression of E-cadherin (a protein controlling cell 
migration and invasion) [14], inhibited prostate cancer 
cell growth in a three-dimensional multicellular tumor 
spheroid culture system [24] and increased reactive 
oxygen species [25]. An animal study suggested that 
pioglitazone significantly reduced prostate carcinogen-
esis through reducing cyclin D1 and inactivating p38 
mitogen-activated protein kinase and nuclear factor κB 
[15].

Recent in vitro studies suggested that there are 
dual effects of PPARγ agonists on the development 
and progression of prostate cancer [26]. Stimulation of 
PPARγ may directly play a role in the carcinogenicity 
of prostate cancer via androgen receptor-dependent or 
-independent pathways [26]. However, PPARγ agonists 
may also inhibit the development or growth of prostate 
cancer via proteasomal degradation of transcription 
factor specificity protein 1, inhibition of the AKT sig-
naling pathway and some other PPARγ-independent 
pathways [26]. A study suggested that excessive fatty 
acids may facilitate the PPARγ-promoted malignant 
progression of prostate cancer [27]. Therefore, the inter-
action between androgen/fatty acids and pioglitazone, 
which has not been previously investigated, may partly 
explain the inconsistent results observed in studies 
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conducted in different ethnicities.
Pioglitazone use is associated with an increased body 

weight, up to 4 kg within 16 weeks in Caucasians [28] 
and 1.2 kg within 12 weeks in a Taiwanese study [29]. 
The greater increase in body weight in Caucasians may 
also explain the potentially higher risk of prostate can-
cer associated with pioglitazone use in these people [5].

The prevalence of obesity diagnosed according to the 
ICD-9-CM code was only approximately 3.6% in either 
the ever users or never users (Table 1). This was an 
underestimation of the real prevalence of obesity. An 
epidemiological survey showed that when body mass 
index ≥25 kg/m2 and ≥30 kg/m2 was used to define obe-
sity, the corresponding prevalence of obesity would be 
33.5% and 7.1%, respectively, in the diabetes patients 
[30]. Therefore, a residual confounding from obesity 
could not be completely excluded. Future studies are 
required to rule out the potential risk associated with 
the increased body weight, body mass index or waist 
circumference after pioglitazone use.

The patients were enrolled from 1999 to 2005 and fol-
lowed up until 2011. This database seemed to be too old. 
However, the study period was deliberately selected to 
reduce potential biases for the following reasons. First, 
the PROactive trial published in 2005 suggested a po-
tentially higher risk of bladder cancer associated with 
pioglitazone use [16]. This might have led to behavior 
changes in drug prescription by the doctors and drug 
adherence by the patients after 2005. Second, the Bu-
reau of the NHI started to promote the use of ICD-10-
CM in Taiwan since 2012 and therefore a potential bias 
resulting from a mixture of two disease coding systems 
might have happened if the follow-up ended after 2012.

The present study has several strengths. First, the 
findings had a high generalizability to the general pop-
ulation because the database covers the whole popula-
tion. Second, the identification of prostate cancer could 
be more complete because all sources of claims records 
from the outpatient visits and hospital admission were 
considered. Third, the detection rate of prostate cancer 
is less biased by different social classes because most 
medical co-payments in patients with cancer can be 
waived by the NHI. Furthermore, co-payments are ac-
tually low for patients with low incomes, for veterans 
and for those who receive drug refills for chronic dis-
ease. Fourth, by using medical records, bias resulting 
from self-reporting could be reduced.

There are several limitations. First, we did not have 

actual measurement data for confounders such as 
family history, dietary factors, anthropometric factors, 
physical activity, lifestyle, smoking, alcohol drinking, 
hormonal profiles, and genetic parameters. Second, 
the impact of biochemical data could not be evaluated. 
Third, we were not able to do more detailed analyses 
based on the pathology, grading and staging of prostate 
cancer because of lack of information.

CONCLUSIONS

In summary, this study suggests a lower risk of pros-
tate cancer associated with pioglitazone use when it 
has been used for >20.23 months or when the cumula-
tive dose reaches 15,330 mg. This benefit is especially 
significant in patients younger than 65 years old and 
in those who use a daily dose of <30 mg/day by the end 
of follow-up. The potential usefulness of pioglitazone in 
patients with prostate cancer, in either the diabetes or 
non-diabetes patients, is worthy of future research.
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