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Introduction

Abstract

Background: Metformin has shown promise for cancer prevention. Prior
studies suggested that metformin might interact potential prostate cancer (PCa)
prevention agents: finasteride and statins. This study assessed if concurrent
use of statins or finasteride modified the long-term impact of metformin on PCa
risk in men with type 2 diabetes (T2DM).

Materials and Methods: The study cohort consisted of 71,999 men with
T2DM seen in the Veteran Administration Health Care System, without prior
cancer or liver diseases, nor prescription of thiazolidinediones or insulin between
FY2003-FY2013. Cox proportional hazard analyses (adjusting for covariates
and propensity scores of metformin use) were conducted to compare the hazard
ratio (HR) of PCa associated with metformin use between statins or finasteride
users and none users.

Results: Mean follow-up was 6.4+2.8 years; 5.2% (N= 3,756) of the cohort
subsequently received a PCa diagnosis. Both statins and finasteride significantly
modified the impact of metformin on PCa incidence (p-value<0.001): HR’s of
PCa associated with metformin use were 0.89 (p-value=0.02) among non-statin
/non-finasteride users, 0.73 (p-value<0.001) among statin users, and 1.42
(p-value<0.001) among finasteride users.

Conclusion: Metformin was associated with reduced PCa risk in men
with T2DM. This impact was enhanced by statins but reversed by finasteride.
Metformin, statins, and finasteride are potential PCa prevention agents. The
interaction of these drugs on PCa risk needs further confirmation in other
cohorts. Our finding of differential impacts of metformin, statins, and finasteride
(alone or in combination) on PCa risk is informative for treatment management
in men at risk for PCa and T2DM.
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Type 2

in PCa risk with metformin use [19,20]; a dose-dependent increase
was observed in a more recent study [21]. The discrepancy of these

Prostate Cancer (PCa) prevention is an attractive strategy in men
with type 2 diabetes (T2DM) as this population appears to be at a
higher risk for high-grade, potentially-lethal PCa compared to men
without diabetes [1,2]. Metformin, a biguanide drug, is commonly
prescribed as first-line glucose-lowering therapy for patients
with T2DM and endorsed by a recent consensus statement of the
American Diabetes Association and the European Association for the
Study of Diabetes [3]. Metformin has also showed promise for cancer
prevention [4-10]. The potential mechanisms of this antineoplastic
effect include a reduction of hyperinsulinemia through activation
of the AMP-Activated Protein Kinase (AMPK) pathway, inhibition
of the mammalian target of rapamycin pathway, blockade of cell
cycle progression, and alteration of anti-inflammatory properties
[4,11-16]. The effect of metformin on PCa risk is unclear. While two
observational human studies found metformin use to be associated
with a decreased PCa risk in the general population [17,18], two
studies among diabetic subjects did not find a significant reduction

findings could be due to the difference in study design, some of which
could be subject to time period bias [22].

Our group previously examined 5,042 veterans with T2DM treated
with either sulfonylureas or metformin as their sole glucose-lowering
agent [21]. In that study that carefully avoided confounding and the
time period bias by design [22], we found that the incidence of PCa
among concurrent metformin and statin users was significantly lower
as compared to the incidence among those with sulfonylureas use
but not statins. Paradoxically, the incidence of PCa was significantly
higher among metformin users without concurrent statin use [21].
Statins are 3-Hydroxy-3-Methylglutaryl-Coenzyme A (HMG-CoA)
reductase inhibitors, which are recommended for patients with
T2DM primarily for preventing cardiovascular diseases. Statins may
also affect PCa tumorigenesis by blocking the mevalonate pathway
and reducing cholesterol and/or through multiple pleiotropic effects
[23]. The favorable joint effect of metformin and statins on PCa may
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be due to their joint effects via lipid-lowering or a combination of
pleiotropic effects (e.g., via improving inflammatory conditions)
[21,24,25]. The interactive effect of metformin and statins on PCa
found in our previous analysis is yet to be confirmed in a broader
population with T2DM, especially including a comparison between a
broader range of metformin users (e.g., not limited to sole metformin
users) and non-metformin users (e.g., not limited to sulfonylurea
users).

Finasteride, a 5a-reductase inhibitor used for treating benign
prostatic hypertrophy (BPH), was initially found to reduce PCa risk
by 24.8% in the Prostate Cancer Prevention Trial (PCPT); and long-
term follow-up found the risk reduction to be 30% [26,27]. Recently,
studies have shown that finasteride attenuated the insulin-like growth
factor binding protein (IGFBP2) or C-peptide induced PCarisk in the
PCPT [28,29], which suggests that the beneficial effect of finasteride
on reduced PCa could be attenuated among individuals who are less
hyperinsulinemic, such as those treated with an insulin sensitizer like
metformin. To date, no studies have examined whether finasteride
modulates the impact of metformin on PCa.

With these questions in mind, we examined an 1l-year
longitudinal historical population of 71,999 men with T2DM who
were insulin naive in the Veteran Administration Health Care System
(VAHCS) to determine if the impact of metformin on PCa risk was
modified by concurrent use of statins or finasteride.

Materials and Methods

Study cohort

We drew our study sample from the 268,136 VAHCS enrollees
who were >40 years of age in 2003, and had at least one primary
care visit (defined as any visit to the general medicine, geriatric, or
diabetes clinics) as well as a diagnosis of T2DM (diagnosis using
ICD-9 CM codes of 250.00 or 250.02) each year during FY2001-
FY2002. Our criteria of identifying patients with T2DM could miss
at most 3% T2DM who only had diagnoses of diabetes complications
[30]. We further narrowed the study cohort to 71,999 men who
also met the following criteria: (i) no prescription of any glucose-
lowering medication in FY2002; (ii) having had prescription(s) of
metformin as a glucose-lowering medication for =180 days or none
during the study period, (iii) having had prescription(s) of statin as
a lipid-lowering medication for 2180 days or none during the study
period, (iv) having had prescription(s) of finasteride for 2180 days
or none during the study period, (v) no prescription for insulin or
any thiazolidinedione (TZD) during the study period; (vi) no liver
or renal diseases during the study period; (vii) no cancer diagnosis
nor metformin exposure prior to FY2003; and (viii) no missing data
on any baseline covariates (age, race, hemoglobin Alc (HbAlc),
body mass index (BMI), and age-adjusted Charlson co-morbidity
score [31]). Regarding criterion (v), we excluded patients who were
on a TZD and/or insulin to better assess the association between
metformin and PCa risk to eliminate potential confounding effects
of other glucose-lowering medications which could themselves have
an effect on PCa incidence or progression as reported in the literature
[32,33]. All study procedures were approved by the Institutional
Review Board of the UT Health Science Center San Antonioand
Research and Development of the South Texas Audie L. Murphy
Veterans Hospital.

Data sources

We used four VAHCS datasets for this study. VAHCS Inpatient
and Outpatient Medical SAS Datasets were used to identify the cohort
of men with T2DM and their associated characteristics, including
demographic variables and comorbidities (based on diagnosis codes).
Additional clinical variables were extracted from the VA Decision
Support System (medication prescription records, HbAlc, LDL, and
prostate specific antigen (PSA) lab results and dates of measurements)
and VAHCS Corporate Data Warehouse (height and weight values
for deriving BMI) [34].

Outcomes of interest

The outcome of interest in this study is the incidence (rate) of
the initial PCa diagnosis during the study period. The dependent
variable used in our analyses is the time interval between the starting
date (October 1 2002, the starting date of FY2003) for those without
use of any oral glucose-lowering medication, the initiation of non-
metformin glucose-lowering medication for those non-metformin
glucose-lowering medication users, and the initiation of metformin
for metformin users) to the initial PCa diagnosis observed during the
study period. A PCa event was defined as having an ICD-9 diagnosis
of 185 from either primary or secondary diagnosis code. Those who
died prior to the first PCa event observed during the study period,
or those who remained alive but never had a PCa event during the
study period were treated as censored data. The study termination
date for each patient corresponded to either the date of the initial PCa
diagnosis, the date of death, or September 30, 2012 (the end of follow-
up), whichever came first.

Predictors and measures

Medication exposure: For this study, the metformin group
consisted of patients who had metformin prescription of any dose for
180 days or more but never had any TZD or insulin during the study
period. We regarded sufficient metformin exposure as a minimum
of 180 days since most clinical trials on metformin were 24 weeks
or longer and other studies have used a similar exposure cut-point
[20]. Non-metformin users were patients who had no prescription
for metformin, and never had any TZD or insulin during the study
period. Statin users consisted of patients who had any type of statin
prescription at any dose for 180 days or more during the study period.
Non-statin users consisted of patients who never had any type of
statin prescription during the study period. Finasteride users were
patients who had any finasteride prescription for 180 days or more
during the study period.

Covariates: Covariates adjusted for in the analyses included
demographic and clinical characteristics of the patient. Demographic
characteristics included age, and race/ethnicity (Caucasian, African-
American, Hispanic, others). Clinical characteristics included age-
adjusted Charlson co-morbidity score, and the mean change of low
density lipoprotein (LDL) and HbAlc levels from baseline, and the
maximum PSA during the study period.

Statistical analyses

The Cox proportional hazard model adjusting for covariates
and the propensity scores of metformin use was conducted to assess
the hazard ratio of PCa associated with metformin use, where the
propensity scores of metformin use were incorporated as the inverse
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Table 1: Cohort Description in Men with Type 2 Diabetes.

All Users Non-Metformin Users Metformin Users A
Mean Std Mean Std Mean Std
p-value
N 71,999 43,691 28,308
Statin Use (%) 78.17 73.01 86.14 <0.001
Finasteride Use (%) 13.68 13.98 13.23 0.02
Study Length (days) 2339.86 1009.37 2468.21 1080.78 2141.78 850.79 <0.001
PCa (%) 5.22 6.32 3.52 <0.001
Age 66.91 10.22 69.28 9.98 63.27 9.48 <0.001
Black (%) 17.74 17.81 17.62 0.257
3.91 2.71 4.21 2.86 3.44 2.39 <0.001
Charlson
. 6.51 0.96 6.25 0.89 6.92 0.93 <0.001
Baseline Alc
Mean Alc 6.57 0.90 6.31 0.80 6.98 0.89 <0.001
AAIC 0.06 0.83 0.06 0.78 0.06 0.90 0.5
Baseline LDL 106.71 27.09 107.30 27.77 105.81 25.98 0.002
Mean LDL 89.22 25.00 91.15 24.89 86.26 24.87 <0.001
ALDL -17.49 24.77 -16.15 24.97 -19.56 24.32 0.001
Baseline BMI 30.98 4.98 30.57 4.85 31.62 5.02 <0.001
ABMI -1.02 3.15 -1.00 3.72 -1.06 1.98 0.002
Maximum PSA 2.64 5.20 2.99 5.06 2.10 5.28 <0.001
probability weights in the analyses. Each of these propensity scoreswas ~ Results

the likelihood of being treated with metformin conditioned on each
subject’s pretreatment characteristics. Using these scores, individuals
were weighted differently to achieve balance in covariates at baseline
between the metformin users and non-metformin users, and
therefore potential confounding due to pretreatment characteristics
was minimized [35]. The propensity scores were calculated using
logistic regression analysis, where the dependent variable was the
indicator of receiving metformin treatment and the independent
variables were patients’ pretreatment characteristics. We included all
significant predictors (i.e., the pretreatment/baseline covariates) in
the propensity score models to ensure a credible estimation of the
main outcome (PCa incidence) model [35]. The propensity score
model of metformin use included HbAlc, age, and race/ethnicity,
and Charlson comorbidity score.

To assess the interactive effect between metformin and statin
and that between metformin and finasteride, we used the model
with metformin by statin interaction and metformin by finasteride
interaction. Each of these interaction terms corresponded to the
product of the associated indicators of medication use, and its
coefficient was assessed by the Wald test with p-value <0.05 being
considered significant. In the Cox regression model setup, the
interactive effect between metformin and statins compared the hazard
ratio associated with metformin use between statin users and non-
statin users, and this effect was assessed using the contrast statement.
Similarly, the interactive effect between metformin and finasteride
compared the hazard ratio associated with metformin use between
finasteride users and non-finasteride users. All statistical analyses
were conducted using SAS 9.1.

In our final cohort of 71,999 men with T2DM, 28,308 (39.32%)
had prescription(s) for metformin. Among 28,308 men who had
prescription(s) for metformin, 24,384 (86.14%) were statin users and
3,744 (13.23%) were finasteride users. Among 43,691 men (60.68%)
who did not receive prescription(s) for metformin, 31,900 (73.01%)
were statin users and 6,107 (13.98%) were finasteride users. Study
subject characteristics are shown in Table 1. Mean age at cohort entry
was 66.91+£10.22 years, and the mean study period was 6.41+2.76
years. The mean HbAlc at baseline was 6.51+0.96%. A total of 3,756
patients (5.2%) were diagnosed with PCa during the study period.

As seen in Table 1, we observed imbalance in subjects’
characteristics at baseline between metformin users and non-users,
and, some of these variables are associated with PCa outcome. Age,
BMI, HbAlc, Charlson comorbidity score, and race/ethnicity were
significantly different between the metformin and non-metformin
groups based on chi-square tests. Therefore, in order to assess the
impact of metformin use on PCa incidence as if they were balanced in
terms of pretreatment characteristics, subjects were weighted by the
reciprocal of their propensity scores for metformin use.

Using Cox proportional hazard model adjusted for the propensity
scores as well as covariates associated with PCa outcome, we observed
significantly different hazard ratio (HR) by medication use as shown
in Table 2. Statin use significantly modified the impact of metformin
use on PCa risk (p<0.001). Among non-statin users, the HR for
PCa associated with metformin use was 0.89 (95% CI = (0.80-0.98),
p<0.001), In contrast, among statin users, the HR for PCa associated
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Table 2: Multivariate Cox Proportional Analysis of Metformin, Statin, and
Finasteride Effects on PCa Incidence Rate in Men with Type 2 Diabetes
(N=71,999).

HR p-value
Metformin Use 0.89 0.02
Statin use 0.80 <.001
Finasteride Use 0.44 <.001
Metformin*Statin 0.82 .001
Statin*Finasteride 1.28 0.02
Metformin*Finasteride 1.60 <.001
Age 1.03 <.001
Black 1.82 <.001
Maximum PSA 1.003 <.001
Charlson Comorbidity 1.03 <.001
AA1c 1.16 <.001
ALDL 1.002 <.001
ABMI 1.01 <.001

Results adjusted for propensity score of metformin use.

with metformin use was 0.73 (95% CI = (0.62-0.85), p<0.001). Since
the 3-way interaction between metformin, statin and finasteride was
not significant, the heterogeneity of the metformin effect on PCa
incidence due to statin use did not vary by finasteride use.

Finasteride use during the study period significantly modified the
impact of metformin on PCa outcome (p<0.001). In the absence of
finasteride use, the covariate adjusted HR for metformin use vs. no
use was 0.89 (95% CI = (0.80-0.98), p<0.001), while in the presence
of finasteride use, the HR for PCa associated with metformin use was
1.42 (95% CI = (1.18-1.70), p-value<0.001).

Figure 1 summarizes the comparison of PCa risks under
different combination use of metformin, statin, and finasteride
with those who did not use any of these medications. HR’s for PCa
associated with metformin use alone, statin use alone, and finasteride
use alone were 0.89 (95% CI = (0.80-0.99), p-value<0.001), 0.80
(95% CI=(0.75-0.86), p-value<0.001), and 0.44 (95% CI=(0.36-
0.53), p-value<0.001), respectively. HR’s for PCa associated with
metformin+statin use, metformin+finasteride use, statin+finasteride
use, and metformin+statin+finasteride were 0.59 (95% CI=(0.49,
0.69), p-value<0.001), 0.62 (95% CI=(0.47, 0.81), p-value=0.001), 0.45
(95% CI=(0.33, 0.60), p-value<0.001), and 0.52 (95% CI=(0.36,0.75),
p-value=0.001), respectively.

As expected, older age (HR=1.03 for 1 year increase in age, 95% CI
=(1.028,1.034), p<0.001), black race (HR=1.82, 95% CI =(1.72,1.92),
p<0.001), and higher PSA (HR=1.0026 for 1 ng/ml increase in PSA,
95% CI= (1.0024-1.0027), p<0.001) were significantly associated with
increased risk of PCa. Greater elevation of HbAlc, LDL, or BMI during
the study period was associated with increased risk of PCa (HR=1.15
for 1% increase in HbAlc, 95% CI=(1.14-1.17), p<0.001; HR= 1.0016
for 1 mg/L increase in LDL, 95% CI= (1.0007-1.0024), p<0.001; HR=
1.01 for 1 kg/m? increase in BMI, 95% CI =(1.007,1.012), p<0.001).

HR of PCa Incidence

Non Met Sin Fst M+S M+F S+F Al

Figure 1: HR of PCa incidence by Metformin, Statin, and Finasteride Use
Groups.

Discussion

In this 11-year historical study of veterans with T2DM who
were insulin naive, we found that compared to other non-TZD
oral antihyperglycemic medication or no use of antihyperglycemic
medication, the effect of metformin on reduced PCa incidence
was significantly enhanced by concurrent use of statins, and the
combination use was associated with a greater reduction in PCa than
statin alone. This result confirmed the finding of our prior study,
which was conducted in men with T2DM who used metformin or
sulfonylureas as the sole antihyperglycemia medication [21]. We
note that both these two studies obtained cohorts from the veteran
populations, and used the same definition of metformin/statin
exposure. Also, both studies assessed the impact of metformin
on PCa incidence as if they were balanced in terms of baseline
covariates (pretreatment characteristics) by weighting subjects by
their propensity scores for metformin use group membership. In the
present study, metformin use (compared with no metformin use)
was associated with decreased PCa risk, while our previous report
showed that metformin use alone compared to sulfonylurea use
alone was associated with an increased PCa risk [21]. The discrepancy
of the metformin effect between our previous study [21] and this
study could be due to their differences in the composition of the
metformin and non-metformin groups. In the present study, the
metformin group consisted of those who used metformin as the sole
antihyperglycemia medication only (28.2%), those who used both
metformin and sulfonylurea (71.5%), and those who used metformin
and other non-sulfonylurea antihyperglycemia medication (0.3
%); while in the non-metformin group, 51.6% used sulfonylurea as
the sole antihyperglycemia medication, 48.1% did not use any oral
antihyperglycemia medication, and 0.3 % used non-sulfonylurea
antihyperglycemia medication with or without sulfonylurea.

Our investigation of the interaction between metformin and
finasteride (as shown in Figure 1) suggested that finasteride alone
without metformin or statin (HR=0.44, 95% CI=(0.36-0.53)) could be
a potential PCa prevention drug for men with T2DM who remained
insulin naive, and this PCa prevention benefit was greater compared
to that found in PCPT which comprised a cohort with 6.6% of
diagnosed diabetic subjects [36]. Although in this study the beneficial
impact of finasteride on decreased PCa risk was attenuated in diabetic
patients with metformin use (HR=0.70 with 95% CI=(0.55-0.89)),
the magnitude of the finasteride impact was similar to that found in
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Table 3: Comparison between Patients without Missing Covariates and Patients
With Missing Covariates.

No . With .
L Covariates - Covariates
Missing Missing A
Std Std
Mean Mean p-value
N 71,999 102202
Metformin Use (%) 38.80 14.59 <0.001
Statin Use (%) 78.17 52.23 <0.001
Finasteride Use 13.68 9.56 <0.001
(%)
Study Length 2339.86 | 1009.37 1838.27 1268.99 | <0.001
(days)
PCa (%) 5.22 5.68 <0.001
66.91 10.22 71.94 10.15 <0.001
Age
Black (%) 17.74 14.87 <0.001
3.91 2.71 3.04 2.50 <0.001
Charlson
Baseline Alc 6.51 0.96 6.65 1.16 <0.001
Mean Alc 6.57 0.90 6.52 1.02 <0.001
AAIC 0.06 0.83 -0.02 0.95 <0.001
Baseline LDL 106.71 27.09 105.06 28.92 <0.001
Mean LDL 89.22 25.00 90.29 26.95 <0.001
ALDL -17.49 24.77 -14.96 27.35 <0.001
Baseline BMI 30.98 4.98 30.54 7.01 <0.001
ABMI -1.02 3.15 -0.96 9.88 0.02
Maximum PSA 2.64 5.20 3.60 7.71 <0.001

PCPT. Our finding that metformin countered the finasteride effect
on reduced PCa seems to be consistent with the interaction between
finasteride and IGFBP2 reported in the PCPT study, where serum
IGFBP2 (a modulator of insulin-like growth factors) and C-peptide
(a measure of insulinemia) levels were positively associated with
increased PCarisk in non-finasteride users, but not in finasteride users
[28,29]. This interaction indicates that finasteride might interfere
with some of the effects common to metformin use, such as those on
IGFBP2 and C-peptide. Future studies are needed to confirm whether
this is directly related to insulinemia or insulin resistance.

We have also examined the interaction between statins and
finasteride on PCa incidence. As shown in Table 2, HR associated
with statin use in non-finasteride users was 0.80, while this effect
was significantly diminished in finasteride users (HR=1.02, p=0.42).
These results suggest that while both statins and finasteride could be
potential PCa chemo-preventive agents, simultaneous use of both
could be less effective than each used alone. This is potentially related
to the involvement of Cytochrome P450 Isoenzyme 3A4 (CYP3A4)
in the oxidative metabolism of statins (predominantly CYP3A4 and
CYP2C9) and in the oxidation of finasteride [37].

Our study found that greater increase in HbAlc, LDL, or BMI
was associated with increased risk of PCa. These results are consistent
with the literature which reported that insulin resistance, obesity,
and high LDL are risks factors for PCa [26,28,29]. Metformin has

been shown to improve insulin resistance and lower LDL and BM],
and hence could potentially prevent PCa. These effects could be
consequences of the activation of the AMPK pathway and alteration
of anti-inflammatory properties [4,11-16]. However, the impact of
metformin on these metabolic biomarkers found in our long-term
observational clinical cohort did not reach clinical significance (see
Table 1). Thus the potential anti-PCa effect of metformin might be
attributed to other actions of mechanism, such as its inhibition of
cell senescence [38] or its influence on the TWIST/N-cadheri/NE-
kB signaling pathway [39]. These actions are yet to be confirmed in
clinical studies.

Our study has limitations. Confounding by indication could occur
if patients with certain characteristics that are associated with the risk
of PCa were also related to the use metformin, statins, or finasteride
(see Table 1 for the baseline differences between the metformin and
non-metformin groups). Nevertheless, we have managed to minimize
the bias due to confounding by indication using the propensity
score weighting technique in our analyses. We have also employed
strategies to avoid time-related biases [22] by using a cohort study
design, carefully defining the medication exposure groups, and
adjusting for confounding associated with diabetes duration using
data available (i.e., age, baseline HbAlc, and comorbidities). In
particular, note that in the analyses (not shown) that included those
who used glucose-lowering medications prior to FY2003 (i.e., a study
design that is likely to subject to time-related bias [22] since the
starting dates for those with prior glucose-lowering medication use
fell outside the study period), the impact of metformin on PCa was
found to be neutral, while the rest of the results remained similar to
those shown in Table 2. The contrast of this result and Table 2 further
confirms the time-related bias associated with the metformin impact
on PCa observed in [22].

Although we could not exclude residual confounding, such as
diabetes duration, life style, behaviors, or an increased likelihood of
PCa referral/detection/screening due to elevated PSA, the impact of
confounding could require a substantial imbalance among exposure
groups. In fact, the guidelines for PCa screening by American
Urology Association [40] and National Comprehensive Cancer
Network [41] are mainly based on patient’s age, race, family history of
PCa, prior PSA levels and results from the digital rectal examination.
Among these factors, age probably is the only factor that could be
associated with metformin use or glucose control in patients with
diabetes. Although in general men of older age are more likely to be
recommended for PCa screening, and the non metformin group in
this study was older than the metformin group, the potential PCa
screening bias due to age difference between the metformin and non-
metformin groups is likely to be limited due to the propensity score
adjustment used in the analyses. Moreover, our preliminary analyses
of PSA data showed that metformin, statins, or the combination of
both were significantly associated with a similar increase (1.03 ng/
ml) in PSA; finasteride was significantly associated with 0.87 ng/ml
reduction in PSA; and the combination of finasteride and metformin
was not associated with the change in PSA. These analyses further
confirmed that the medication impacts on PCa found in this study
could have been subject to very limited bias associated with PCa
referral/detection/screening. Second, the impact of metformin on
PCa risks could vary by the metformin dosage [21,38]. However,
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Table 4: Multivariate Cox Proportional Analysis of Metformin, Statin, and
Finasteride Effects on PCa Incidence Rate in Men with Type 2 Diabetes:
Comparison between Patients Without Missing Covariates and Patients With
Missing Covariates.

No Missing | Covariates | With Missing | Covariates
HR p-value HR p-value
Metformin Use 0.89 0.02 0.87 <.001
Statin use 0.80 <.001 0.75 <.001
Finasteride Use 0.44 <.001 0.50 <.001
Metformin*Statin 0.82 001 0.84 <001
Statin*Finasteride 1.28 0.02 1.09 0.10
Metformin* 1.60 <.001 1.48 <.001
Finasteride
1.03 <.001 1.03 <.001
Age
Black 1.82 <.001 1.83 <.001
Maximum PSA 1.003 <.001 1.003 <.001
Charlson
Comorbidity 1.03 <.001 1.02 <.001
AAdC 1.16 <.001 1.17 <.001
ALDL 1.002 <.001 1.003 <.001
ABMI 1.01 <.001 1.01 <.001

Results adjusted for propensity scores of metformin use and propensity scores
of having missing covariates.

we were bound to assess this variation given the data available in
this study. Third, our results were derived from patients who had
no missing covariates, and whether the results reported here can be
generalizable to patients with missing covariates remain to be seen.
To address this concern, we compared the patients’ characteristics
between those without and with any missing covariates. Table 3
suggests that compared to those without missing covariates (or
included in the analyses), those with missing covariates (or excluded
from the analyses) were relatively old, had less comorbidity, and had
shorter follow-up period. We then used the generalizability technique
[42], and conducted further Cox regression analyses to assess the
medication effects among those with missing covariates based on
the likelihood with the covariate distribution for those without
missing covariates being weighted to match the observed covariate
distribution for those with missing covariates. As shown in Table 4,
the medication effects were similar between those with and without
missing covariates (with the exception that the statin by finasteride
interaction was not significant among those with missing covariates).

The results of our study need to be confirmed in other non-
veteran cohorts of men with T2DM. However, our results may
help manage the treatments of men with T2DM. Metformin,
statins, and finasteride used alone or in combination could lead to
differential reduction in the risk of PCa: according to Figure 1, (i)
the combination use metformin and statins could be more effective
for PCa prevention compared to metformin or statin alone; (ii) the
combination use metformin and finasteride could be more effective
compared to metformin alone but not as effective as finasteride use
alone; (iii) the combination use statins and finasteride or finasteride
alone could be more effective compared to statin use alone. In
addition the consideration of PCa risk, clinical decisions regarding

prescribing metformin, statins and finasteride in men with diabetes
also requires careful evaluation of patients’ glucose/lipid control and
cardiovascular diseases.

Conclusion

Furthermore, while men with T2DM are at a greater risk for high-
grade PCa [1,2], they are commonly prescribed with metformin and
statins that can potentially reduce the risk factors associated with
high grade PCa such as metabolic syndromes and high LDL [43-46].
Future studies are needed to examine the impact of these drugs on
high grade PCa prevention.
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