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Purpose: To evaluate the association between the use of statins and/or metformin and patient 

survival in prostate cancer patients in Taiwan.

Subjects and methods: Newly diagnosed prostate cancer patients who had hyperlipidemia 

and received radiotherapy were identified from the National Health Insurance Research Data-

base 2000–2010. The survival rate was estimated by the Kaplan–Meier method. Univariate and 

multivariate Cox regression analyses were performed to examine the association of mortality. 

Sensitivity analysis was performed to assess the risk of mortality in patients with diabetes.

Results: The study included 567 patients. Patients who used statins or metformin after pros-

tate cancer diagnosis had longer average survival times (9.3 years and 8.1 years, respectively; 

P=0.001) compared with patients who persistently used or used the medicines prior to cancer 

diagnosis. Multivariate Cox regression analysis found that patients treated with statins after 

cancer diagnosis were significantly associated with a lower risk of mortality (aHR =0.24, 95% 

CI =0.09–0.66) compared to patients who did not use statins during the study period. Patients 

treated with metformin after cancer diagnosis were significantly associated more with an 

increased risk of mortality (aHR =6.78, 95% CI =2.45–18.77) compared to patients who did not 

use metformin during the study period. Sensitivity analysis revealed that the average survival 

time was similar among different medicine use groups in patients with diabetes. 

Conclusion: The finding suggests that statins and metformin use after prostate cancer diagnosis 

may increase survival in patients with hyperlipidemia and radiotherapy.
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Introduction
Cancer has been the leading cause of death in Taiwan for more than a decade.1 Prostate 

cancer is ranked the fifth most common cancer in Taiwan, with the seventh highest 

cancer-related mortality rate.2 The incidence of prostate cancer has been rapidly 

increasing in the past 10 years.3

Findings from several retrospective observational studies indicate that treatment 

with statins or metformin can reduce prostate-specific antigen (PSA) levels.4–8 Statin 

use is found to be associated with a lower advanced prostate cancer risk and reduced 

prostate cancer-specific mortality.9 Statins are potent inhibitors of 3-hydroxy-3-meth-

ylglutaryl coenzyme A reductase, and are commonly used for treating hyperlipidemia 

by lowering cholesterol.9,10 Cholesterol plays a role in steroid androgens that drive 

prostate growth.11 In addition, rapidly growing tumor cells also require high levels 

of cholesterol. A number of reports suggest that statins are associated with a reduc-
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tion in the incidence of prostate cancer, disease recurrence, 

and better overall survival in patients; however, others have 

found no such benefits with statin therapy.12–17 However, a 

link between cholesterol and reduction of PSA is not clear.4,5

Metformin is a commonly used antidiabetic medication 

and is an insulin-sensitizing oral biguanide. Several in vitro 

studies suggest that the use of metformin may be protective 

against prostate cancer or delay disease progression.18–21 Prior 

studies suggest that metformin may show a benefit as adjunc-

tive therapy to standard prostate cancer therapy, particularly 

in patients receiving androgen deprivation therapy (ADT).22,23 

However, for metastatic castration-resistant prostate cancer, 

it has been suggested that metformin may not be an effective 

chemosensitizer.24 Furthermore, several studies have found 

that metformin did not improve biochemical-free or cancer-

specific survival in patients treated with permanent interstitial 

brachytherapy.25,26 Deng et al27 suggested that there was no 

association between the metformin treatment and all-cause 

mortality or recurrence, but yet metformin therapy may 

decrease the incidence of prostate cancer.

The results for use of statins and/or metformin in prostate 

cancer were controversial and should be confirmed with 

further investigation. Statins and metformin are commonly 

used for treating hyperlipidemia.10,28 Studies exploring the 

association between the use of statins and/or metformin 

and patient survival in prostate cancer patients in Taiwan 

have never been reported. Thus, the current study aimed 

to assess associations of statins and/or metformin therapy 

and survival of prostate cancer patients with hyperlipidemia 

and radiotherapy in Taiwan. The study was a retrospective, 

nationwide, Taiwanese-based study using the database from 

the Taiwan National Health Insurance.29,30

Subjects and methods
Data source
Taiwan launched a single-payer National Health Insurance 

program on March 1, 1995.29 The database of this program, 

called The National Health Insurance Research Database 

(NHIRD), contains registration files and original claim data 

for reimbursement. The NHIRD represents a comprehensive 

nationwide database that includes information since 1995 and 

which covers 99% of Taiwan’s 23.74 million people, 98% of 

whom are Han Chinese. The database is maintained by the 

National Health Research Institutes in Taiwan and provided 

to scientists in Taiwan for research purposes. The NHIRD 

databases provide excellent data sources for population-level 

analysis, with minimal discrepancies and biases.31

This study was approval by the Institutional Review 

Board of the Third Affiliated Hospital of Sun Yat-sen Uni-

versity. Given the retrospective nature of this study design, 

the requirement for obtaining informed consent was waived.

study population
A total of 5,079 males newly diagnosed with prostate cancer 

were identified from the NHIRD database during 2000–2010 

using the appropriate International Statistical Classification 

of Diseases code (ICD9=185). After excluding 3,020 patients 

who did not have hyperlipidemia (ICD9=272) and 1,492 

patients who did not receive radiotherapy after being diag-

nosed with prostate cancer, only 567 patients were included 

in this study (Figure 1).

Variable definitions
The primary outcome was overall survival. Independent 

variables included demographic characteristics (age), the 

use of medicines, such as statin (ATC code: C10AA01–

C10AA05, C10AA07, and C10AA08) or/and metformin 

(ATC code: A10BA02), and the comorbidities, such as obe-

sity (ICD-9-CM 278.0), diabetes mellitus (ICD-9-CM 250), 

and metabolic syndrome (ICD-9-CM 277.7). Furthermore, 

subjects with the use of statin only and metformin only were 

subdivided into three groups: the pre-diagnostic use group 

(use of statin or metformin prior to prostate cancer diagnosis), 

the post-diagnostic use group (use of statin or metformin 

after diagnosis of prostate cancer), and the persistent use 

group (continuous use of the medicines before and after the 

cancer diagnosis).

statistical analysis
The continuous variable was expressed as the mean and SD. 

Categorical variables were expressed as counts and percent-

ages. Kaplan–Meier survival analysis was performed for 

medicine use (ie, statin and/or metformin) with the endpoint 

of the mortality, and the statistical significance was examined 

using a log-rank test. In survival analysis, any cause of deaths 

was treated as events and survivors were treated as censored 

events. Univariate and multivariate Cox proportional haz-

ards regression analyses were performed to examine the 

association of mortality. The multivariate Cox proportional 

hazards regression model was simultaneously adjusted for 

the baseline characteristics, including age, diabetes mellitus, 

hypertension, cardiovascular disease, peripheral artery dis-

ease, and atherosclerosis. Furthermore, subgroup analyses 

were performed for patients using statin only or metformin 
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only to examine the association of mortality. In addition, a 

sensitivity analysis was carried out to assess the association 

of mortality in patients with diabetes.

All statistic assessments were two-sided and evaluated 

at the 0.05 level of significance. Statistical analyses were 

performed by IBM SPSS statistical software version 22 for 

Windows (IBM Corporation, Armonk, NY, USA).

Results
The average age of the study population was 71.8 years. 

A total of 213 (37.6%) patients did not use either statin or 

metformin, 121 (21.3%) took both drugs, 174 (30.7%) only 

received the statin, and 59 (10.4%) were only administered 

metformin. The most common comorbidities were diabetes 

mellitus (53.8%), hypertension (77.7%), and cardiovascular 

disease (66.3%). During the follow-up period, 137 deaths 

(24.2%) occurred in the total study population (Table 1). A 

higher percentage of patients with diabetes mellitus used 

metformin (88.1%, P<0.001) compared with those taking 

statins, a combination of metformin and statins, or did not 

use either drug (Table S1). A greater percentage of patients 

with hypertension took statins (84.3%, P=0.046) compared 

with not using either drug or taking both drugs. A larger 

percentage of patients with cardiovascular disease used only 

statins (73.0%, P=0.009) compared with the other evaluated 

treatment regimens.

Kaplan–Meier analysis found that the average survival 

time for the total study population was 7.5 years (Figure 2 and 

Table 2). The survival time was similar for patients who did 

not use statins or metformin (the unused group, 7.1 years), 

who used both statins and metformin (the both group, 7.8 

years), who only received statins (7.8 years), or who only took 

metformin (6.9 years) (Log-rank test, P=0.407) ( Figure 2). 

Multivariate Cox regression analysis indicated that, com-

pared to the unused group, the other three groups (both, only 

use statins, and only use metformin) were associated with 

lower risk of mortality, although the differences were not 

significant (Table 2). Furthermore, subgroup analyses were 

performed in which patients were divided into three medicine 

use categories: persistent use, pre-diagnostic use, and post-

diagnostic use. The result of Kaplan–Meier analysis showed 

that patients with post-diagnostic use of statin had a longer 

average survival time (9.3 years, Log-rank test, P=0.001) 

Figure 1 Flowchart of study population.

Diagnosed with prostate cancer
between 2001 and 2010

N=7,540

Two times of outpatient or one
time of inpatient

N=5,918

Newly diagnosed
N=5,079

With hyperlipidemia
N=2,059

Receive radiotherapy treatment
N=567

Table 1 subject characteristics

Variable n/mean %/SD

age (years) 71.8 8.7
Medicine use

Unused 213 37.6
Both 121 21.3
Only use statin 174 30.7

Persistent use 74 42.5
Pre-diagnostic use 55 31.6
Post-diagnostic use 45 25.9

Only use metformin 59 10.4
Persistent use 35 59.3
Pre-diagnostic use 7 11.9
Post-diagnostic use 17 28.8

Comorbidities
Diabetes mellitus 305 53.8
hypertension 437 77.1
Cardiovascular disease 376 66.3
Peripheral artery disease 41 7.2
atherosclerosis 51 9.0

Mortality 137 24.2
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(Table 3 and Figure 3). A similar result was also observed 

in patients with post-diagnostic use of metformin (8.1 years, 

Log-rank test, P<0.001) (Table 3 and Figure 3).

Multivariate Cox regression analysis revealed that 

patients who were treated with statins after the diagnosis of 

prostate cancer were significantly associated with a lower 

risk of mortality (aHR =0.24, 95% CI =0.09–0.66, P<0.05) 

compared to patients who did not use statins during the study 

period (Table 3). In contrast, patients who were treated with 

metformin before prostate cancer diagnosis were significantly 

associated with a higher risk of mortality (aHR =6.78, 95% 

CI =2.45–18.77, P<0.05) compared to patients who did not 

use metformin during the study period (Table 3).

A sensitivity analysis was performed to evaluate the risk 

of mortality in patients with diabetes, and the results revealed 

that the average survival time was similar among different 

medicine use groups in diabetic patients (Log-rank test, 

P=0.906) (Table S2). As shown in Table S3, diabetic patients 

Table 2 survival analysis of the medicine use in total population

n of 
eventsa

Mean for survival 
time (years)

SE Log-rank test, 
P-value

HR
(95% CI)

aHR
(95% CI)

Medicine useb 137 7.5 0.2 0.407
Unusedc 60 7.1 0.3 1 1
Bothd 26 7.8 0.4 0.75 (0.47–1.19) 0.68 (0.42–1.09)
Only use statin 35 7.8 0.3 0.74 (0.49–1.12) 0.77 (0.50–1.19)
Only use metformin 16 6.9 0.5 0.98 (0.56–1.69) 0.90 (0.51–1.59)

Notes: Multivariate Cox proportional hazards regression model was simultaneously adjusted for age, diabetes mellitus, hypertension, cardiovascular disease, peripheral 
artery disease, and atherosclerosis. ain survival analysis, any cause of deaths was treated as events. bMedicine use was defined as using statin and/or metformin at any time 
during the study period. cPatients who did not use either statins or metformin during the study period. dPatients who used both statins and metformin at any time during 
the study period.
Abbreviations: ahR, adjusted hazard ratio; se, standard error.

without statin use had a significantly longer average survival 

time (7.5 years, Log-rank test: P=0.006). In contrast, diabetic 

patients with post-diagnostic use of metformin had signifi-

cantly longer average survival time (7.9 years, Log-rank test: 

P<0.001, Table S3). Multivariate Cox analysis revealed that 

diabetic patients with persistent use and pre-diagnostic use 

of statins were significantly associated with a significantly 

higher risk of mortality (aHR =2.57 and 2.96, respectively, 

Table S3) compared to those without statin therapy. Further-

more, diabetic patients with pre-diagnostic use of metformin 

were significantly associated with a higher risk of mortality 

compared to those without using metformin (aHR =7.59, 

95% CI =2.58–22.33, P<0.05, Table S3).

Discussion
To the best of our knowledge, this is the first retrospective 

study that evaluated if the use of statins and/or metformin 

improved survival in Taiwanese prostate cancer patients who 

had hyperlipidemia and received radiotherapy. Use of statins 

or metformin, alone or in combination, did not improve 

survival time compared with patients who had received nei-

ther therapy. However, multivariate analysis found patients 

without these treatments were associated with higher risk of 

mortality, although the finding was not statistically signifi-

cant. Patients who received statins after diagnosis of prostate 

cancer had a longer average survival time compared with 

patients who persistently used statins or had statin therapy 

prior to diagnosis. Similarly, patients who used statins after 

diagnosis were associated with a reduced risk of mortal-

ity compared to those who did not receive or persistently 

used statins. Patients who received metformin therapy after 

diagnosis of prostate cancer had a longer average survival 

time than patients who persistently used the drug or received 

metformin treatment after diagnosis. However, the use of 

metformin in patients before diagnosis was significantly 
Figure 2 Kaplan–Meier analysis of differences in survival time among medicine use 
in total population.
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associated with a higher risk of mortality compared with 

patients who did not use metformin. The findings suggested 

that the use of statins and metformin in Taiwanese prostate 

cancer patients with hyperlipidemia and radiotherapy may be 

beneficial, depending upon when the drug is administered.

Our finding, the benefit of statin therapy particularly after 

diagnosis, is consistent with several large previous studies. 

With radio-sensitizing properties, statins have antitumor 

effects which support their beneficial use in prostate cancer.32 

Raval et al33 performed a meta-analysis that included 34 

observational cohort studies and found a 21% reduction in 

the risk of biochemical recurrence (BCR) in patients treated 

with statin and radiation therapy (P=0.01). However, statin 

use was not associated with BCR in patients who received 

radical prostatectomy. Raval et al33 also found that statin use 

was associated with a 22% reduction in the risk of metastasis, 

and a 24% reduction in risk of both all-cause and prostate 

cancer-specific mortality. Yu et al34 performed a large cohort 

study (N=11,772) in men with newly diagnosed, nonmeta-

static prostate cancer using a large population-based elec-

tronic database from the UK. They found that, during a mean 

follow-up of 4.4 years, 3,499 deaths occurred, of which 1,791 

were from prostate cancer. Similar to the results reported in 

the current study, post-diagnostic use of statins was associ-

ated with a 24% decrease in prostate cancer-specific mortality 

(HR =0.76; 95% CI =0.66–0.88) and a 14% decrease in all-

cause mortality (HR =0.86; 95% CI =0.78–0.95). Therefore, 

post-diagnostic statin use among prostate cancer patient 

who were not previously on a statin may be beneficial.35 

However, in contrast to the current study reported here, Yu 

et al34 found that the association of statin use and decreased 

risks of prostate cancer and all-cause mortality was more 

Table 3 survival analysis of the medicine use in statin use only or metformin use only groups

n of 
eventsa

Average survival 
time (years)

SE Log-rank 
test, P-value

HR (95% CI) aHR (95% CI)

Only use statin 0.001b

Unused 60 7.1 0.3 1 1
Persistent use 15 7.5 0.5 0.78 (0.44–1.37) 0.78 (0.43–1.41)
Pre-diagnostic use 16 5.3 0.5 1.76 (1.01–3.10) 1.60 (0.91–2.82)
Post-diagnostic use 4 9.3 0.3 0.22 (0.08–0.60) 0.24 (0.09–0.66)

Only use metformin <0.001b

Unused 60 7.1 0.3 1 1
Persistent use 8 7.1 0.6 0.92 (0.44–1.94) 1.34 (0.59–3.05)
Pre-diagnostic use 5 1.9 0.5 6.37 (2.51–16.18) 6.78 (2.45–18.77)
Post-diagnostic use 3 8.1 0.5 0.44 (0.14–1.39) 0.43 (0.13–1.38)

Notes: Bold represented significant factor, P<0.05; multivariate Cox proportional hazards regression model was simultaneously adjusted for age, diabetes mellitus, 
hypertension, cardiovascular disease, peripheral artery disease, and atherosclerosis. ain survival analysis, any cause of deaths was treated as events. bRepresented significant 
difference of average survival time among the groups, log-rank test, P<0.05.
Abbreviations: ahR, adjusted hazard ratio, se, standard error.

Figure 3 Kaplan–Meier analysis of differences in survival time between unused, 
persistent, pre-diagnostic, and post-diagnostic use in (A) statin and (B) metformin.
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pronounced in patients who were using statins prior to the 

diagnosis (HR =0.55; 95% CI =0.41–0.74; and HR =0.66; 

95% CI =0.53–0.81, respectively). Larsen et al36 found that 

there was no difference in the effect of post-diagnostic statin 

use in Danish prostate cancer patients. Taken together, these 

studies suggested that the duration and/or timing of exposure 

might be important in statin therapy.35

The importance of statin use following the initiation of 

prostate cancer therapy was also investigated in a study by 

Harshman et al,37 who retrospectively analyzed 926 men who 

had received ADT for biochemical or metastatic recurrence. 

They found, after a median follow-up of 5.8 years, that men 

using statins had longer median time to disease progression 

(27.4 months) than patients not taking statins (17.4 months) 

(P<0.001). The benefit of statin therapy was observed both 

in patients with and without metastasis. Overall, the findings 

from the current study and the prior studies support the use 

of statin therapy after the diagnosis of prostate cancer. One 

important difference between our study and the previous 

ones is that our study population only included patients with 

hyperlipidemia.

A meta-analysis of 22 trials that assessed statin vs 

placebo for the treatment of cardiovascular disease did 

not find a significant difference in prostate cancer mortal-

ity.38 However, the follow-up time was much shorter in the 

randomized control trials than that of the observational 

studies described above. Liu et al,39 in 2017, reported that 

the use of statins and metformin were not significantly 

associated with treatment outcomes in prostate cancer 

patients, but lower levels of PSA were observed in patients 

who were given statins or metformin. Several studies have 

investigated the association of metformin use and mortality 

following a prostate cancer diagnosis. A population-based 

study by Margel et al40 included 3,837 patients with a 

median follow-up of 4.65 years. They found the cumula-

tive duration of metformin treatment after prostate cancer 

diagnosis was associated with a significant decrease in 

the risk of prostate cancer-specific and all-cause mortal-

ity; adjusted prostate cancer mortality was 0.76 for each 

additional 6 months of metformin use. The association 

with all-cause mortality was also significant, but declined 

over time from 0.76 in the first 6 months to 0.93 between 

24 and 30 months of therapy. The large sample size cohort 

studies (a total of 13 cohort studies encompassing 177,490 

individuals) in 2017 suggested that metformin treatment 

improves survival for patients with prostate cancer.41 The 

study of Bensimon et al42 included 935 patients from the 

UK, and found no association of metformin use with overall 

decreased risk of cancer-specific and all-cause mortality. A 

recent meta-analysis of all studies that accounted for the 

diagnosis of diabetes found metformin use was associated 

with better overall survival and less BCR among prostate 

cancer patients.43 Metformin is also the most common 

drug used in type II diabetes mellitus. Zingales et al22 sug-

gested that metformin has anticancer activity and could be 

potentially used in cancer management. Whereas, Ferro 

et al44 reported that diabetic patients with a combination 

treatment of metformin and radiation developed increased 

acute locoregional toxicity, in comparison with diabetic 

patients receiving an alternate diabetes medication and 

nondiabetic patients in breast cancer. More investigation 

should be conducted to determine the safety in use of 

metformin in combination with radiation therapy. Although 

our study suggests a benefit of metformin treatment, the 

inconsistency across studies indicates additional studies 

are necessary to further investigate the role of metformin 

in prostate cancer. The current study has several limita-

tions that should be considered while interpreting the 

results. Due to the restrictions of the NHIRD database, 

information including patient lifestyle, family history, 

patient demographics, cancer stage, and clinical labora-

tory data were not available and could not be evaluated. 

A previously published study had reported the limitations 

caused by the accessibility of their database, which may 

introduce measurement error in the definition of the dura-

tion/timing of statin/metformin therapy and in clinical 

diagnoses.44 There were also limitations associated with 

the statistical analysis. The data we obtained only allowed 

for the calculation of overall mortality, so we were unable 

to determine prostate cancer-specific mortality or disease-

free survival. The study did not evaluate the length of statin 

and/or metformin use on prostate cancer survival. There 

were no patients with hyperlipidemia and radiotherapy who 

received surgical castration or ADT in NHIRD 2000–2010, 

thus the present study could not evaluate these patients.

In conclusion, the present study suggests that statins 

and metformin use after the diagnosis of prostate cancer 

may increase survival in patients with hyperlipidemia who 

received radiotherapy. These findings, along with other stud-

ies, support the use of these medications as adjuvant therapy 

for the treatment of prostate cancer. However, more studies 

are necessary to further assess their value and also the tim-

ing, length of treatment, and patient population who might 

benefit most from their use.
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Supplementary materials

Table S1 Comparison of the difference between characteristics and medicine use

Variable Medicine use P-value

Unused
(n=213)

Both
(n=121)

Only use statin
(n=174)

Only use metformin
(n=59)

age (years) 71.6±9.4 72.4±8.2 70.8±8.4 74.0±8.1 0.083
Comorbidities

Diabetes mellitus 92 (43.2) 102 (84.3) 59 (33.9) 52 (88.1) <0.001a 
hypertension 152 (71.4) 102 (84.3) 138 (79.3) 45 (76.3) 0.046a

Cardiovascular
Disease

132 (62.0) 86 (71.1) 127 (73.0) 31 (52.5) 0.009a

Peripheral artery 
Disease

12 (5.6) 11 (9.1) 13 (7.5) 5 (8.5) 0.663

atherosclerosis 17 (8.0) 9 (7.4) 18 (10.3) 7 (11.9) 0.658
Mortality 60 (28.2) 26 (21.5) 35 (20.1) 16 (27.1) 0.243

Notes: Continuous variables are shown as mean ± sD; categorical variables are shown as counts (percentages). aSignificant difference among the groups, P<0.05. 

Table S2 survival analysis of medicine use for patients with diabetes

n of 
eventsa

Mean for survival 
time (years)

SE Log-rank test,  
P-value

HR
(95% CI)

aHR
(95% CI)

Medicine use 75 7.4 0.2 0.906
Unused 21 7.5 0.4 1 1
Both 25 7.3 0.4 1.17 (0.65–2.08) 1.32 (0.73–3.06)
Only use statin 15 7.2 0.6 1.22 (0.63–2.37) 1.53 (0.76–3.06)
Only use metformin 14 6.9 0.5 1.25 (0.64–2.46) 1.43 (0.72–2.83)

Notes: ain survival analysis, any cause of death was treated as an event. The Multivariate Cox proportional hazards regression model was simultaneously adjusted for age, 
hypertension, cardiovascular disease, peripheral artery disease, and atherosclerosis.
Abbreviations: ahR, adjusted hazard ratio, se, standard error.

Table S3 survival analysis of medicine use in only use statin or metformin group for patients with diabetes

n of 
eventa

Average survival  
time (years)

SE Log-rank test, 
P-value

HR (95% CI) aHR (95% CI)

Only use statin 0.006b

Unused 21 7.5 4.1 1 1
Persistent use 8 6.2 0.8 1.71 (0.42–3.88) 2.57 (1.03–6.45)
Pre-diagnostic use 7 4.5 0.6 2.71 (1.13–6.49) 2.96 (1.18–7.41)
Post-diagnostic use 0 – – – –

Only use metformin <0.001b

Unused 21 7.5 0.4 1 1
Persistent use 8 7.1 0.6 1.19 (0.52–2.69) 1.39 (0.60–3.24)
Pre-diagnostic use 5 1.9 0.5 7.06 (2.54–19.59) 7.59 (2.58–22.33)
Post-diagnostic use 1 7.9 0.4 0.28 (0.04–2.07) 0.38 (0.05–2.87)

Notes: ain survival analysis, any cause of death was treated as an event. bRepresented a significant difference of average survival time among the groups, log-rank test, P<0.05. 
Bold represented a significant factor, P<0.05; the multivariate Cox proportional hazards regression model was simultaneously adjusted for age, hypertension, cardiovascular 
disease, peripheral artery disease, and atherosclerosis.
Abbreviation: ahR, adjusted hazard ratio, hR, hazard ratio; se, standard error.
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