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Abstract

Racial/ethnic disparity in prostate cancer (PCa) is under studied in men with diabetes who are at 

higher risk for aggressive PCa. This study assessed the race/ethnic disparity in PCa incidence for 

men with type 2 diabetes (T2D), and whether the impact of metformin on PCa incidence varied by 

race/ethnicity. We conducted a retrospective study in 76,733 male veterans with T2D during 2003–

2012. Cox proportional hazard model adjusting for covariates and propensity scores of metformin 

use and race/ethnic group membership were utilized to compute the hazard ratio (HR) of PCa 

incidence associated with race/ethnicity, and compare HR associated with metformin use between 

race/ethnic groups. Mean follow-up was 6.4±2.8 years; 7% were Hispanics; 17% were African 

American (AA); mean age was 67.8±9.8 years; 5.2% developed PCa; 38.9% used metformin. 

Among these diabetic men without metformin use, PCa incidence was higher in Hispanics and AA 

than in non-Hispanic White (NHW). Use of metformin alone or metformin+statins was associated 

with a greater PCa incidence reduction in Hispanics compared to NHW, but not between AA and 

NHW. Use of metformin+finasteride was associated with a greater PCa incidence reduction in 

Hispanics and AA compared to NHW. Our results suggested that metformin treatment could be a 

potential strategy to reduce PCa incidence in the minority populations who are at high risk for fatal 

PCa. It will be important to further examine the pleiotropic effects of metformin in multi-race/

ethnic prospective studies to better inform clinical management, and potentially reduce racial/

ethnic disparity in PCa incidence among diabetic men.
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Introduction

Racial/ethnic disparity in prostate cancer (PCa) has been well established in the general US 

population. PCa incidence is greater among African-American (AA) yet lower among 

Hispanic men as compared to non-Hispanic white (NHW) men. (1) Whether diabetes status 

has an impact on the racial/ethnic disparity pattern observed in the general population is an 

important issue that is under studied. Although US men with diabetes are at an overall lower 

risk for PCa incidence than non-diabetic men, they are at a higher risk for aggressive PCa. 

(2,3) Given the continually rising epidemic of diabetes, aggressive PCa presents a significant 

public health concern especially among minority populations (e.g., AA and Hispanics) who 

are at high risk for diabetes. One large population-based study in men with diabetes reported 

an increased PCa incidence for both AA and Hispanics as compared to NHW, which is in 

contrast to reduced PCa incidence observed for Hispanic men when diabetes status is not 

considered. (4) Thus, racial/ethnic disparity in PCa incidence for men with diabetes warrants 

further investigation.

While a reduction in racial/ethnic disparity in PCa screening knowledge and improvement in 

quality of life for cancer survivors has been achieved through nonpharmacological 

interventions (such as informed decision-making or behavioral modification),(5) no 

pharmacological intervention has yet been identified that would reduce racial/ethnic 

disparity in PCa incidence or its mortality. Identifying PCa prevention medications that can 

alter disparity in PCa incidence and its related clinical outcomes is a research priority.

Metformin, the most commonly prescribed first-line glucose-lowering medication for 

patients with type 2 diabetes (T2D), has shown some promising yet variable results for PCa 

prevention. The beneficial impact of metformin on PCa reduction was found to vary by dose 

or concomitant use of statin or finasteride. (6–9) It is also likely that the variation of 

metformin’s PCa prevention effect could be attributed to individual pharmacokinetic 

differences. Among the polymorphisms in genes that are associated with metformin 

transport or glucose-lowering effects,(10–14) the allele frequency of one ethnic-specific 

MATE1 (multidrug and toxin compound extrusion-1) that is associated with reduced renal 

excretion of metformin,(11–13, 15) is strikingly high at 5% in Hispanics. Notably, the 

expression of metformin organic cation transporter 1 (OCT1) is more pronounced in obese 

subjects (16,17) who are at increased risk for metabolic syndrome and chronic 

inflammation. This implies that better metformin response could more likely be observed in 

populations with high prevalence of metabolic syndrome or chronic inflammation, such as 

Hispanics or AA. (18,19) In fact, Williams et al. observed a greater glycemic response to 

metformin in AA adults compared to NHW. (20) These data collectively suggest that 

metformin use could potentially modify race/ethnic disparity in PCa incidence. This 

hypothesis is yet to be tested in clinical studies.

The goal of this study is to assess (i) the race/ethnic disparity in PCa incidence among men 

with T2D who are non-users of metformin, and (ii) whether the impact of metformin on 

reducing PCa incidence is greater in the race/ethnic groups with a higher PCa incidence 

among men with T2D. To this end, we conducted a nationwide longitudinal cohort study 
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(FY2003–FY2012) of insulin naïve male veterans with T2D to examine racial/ethnic 

disparity in PCa incidence and whether the impact of metformin on PCa incidence differed 

by race/ethnicity. To strengthen the causal interpretation of our finding, two inverse 

propensity score weighting techniques (21,22) were employed in our statistical analyses to 

minimize confounding due to baseline difference between metformin users and non-users, or 

difference in post-baseline clinical characteristics between race/ethnic groups.

Materials and Methods

Study Cohort—Our study cohort was derived from the electronic medical records (EMR) 

in the nationwide Veterans Administration Health Care System (VAHCS) databases. We 

began with 268,136 eligible beneficiaries who were 40–89 years of age in FY2003, and had 

a diagnosis of T2D (ICD-9 CM code: 250.00 or 250.02) but no cancer, cardiovascular 

diseases (CVD), or any glucose-lowering medication exposure during FY2001–FY2002. To 

obtain credible EMR for each patient, we limited the study cohort to patients with at least 

one visit to the general medicine, geriatric, or diabetes clinic each year. We further narrowed 

the study cohort to those who also met the following criteria during the study period: (i) 

having had prescription(s) of metformin as a glucose-lowering medication for ≥180 days or 

none; (ii) no prescription for insulin or any thiazolidinedione (TZD); (iii) no liver or renal 

diseases; and (iv) no missing covariates. We required criterion (ii) to eliminate potential 

effects associated with TZD or insulin use on cancer incidence as reported in the literature. 

(23,24) In addition, to account for the potential interactions between metformin with statin 

and finasteride,(6–9) we limited the cohort to 76,733 men who (i) have had prescription(s) 

of statins for ≥180 days or none; and (ii) have had prescription(s) of finasteride for ≥180 

days or none. All study procedures were approved by the Institutional Review Board of the 

University of Texas Health Science Center at San Antonio and the Research and 

Development Committee of the South Texas Veterans Health Care System at San Antonio.

Data Sources—We used four linked VAHCS datasets for this study. VAHCS Inpatient and 

Outpatient Medical SAS Datasets were used to identify the cohort of men with T2D and 

their associated characteristics, including demographic variables and comorbidities. 

Additional clinical variables were extracted from the VA Decision Support System 

(medication prescription records, HbA1c, LDL, and prostate specific antigen (PSA) lab 

results and dates of measurements) and VAHCS Corporate Data Warehouse (height and 

weight values) (25).

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 and the initial PCa diagnosis observed during the 

study period. The starting date was October 1 2002 (the beginning of FY2003) for those 

without use of any glucose-lowering medication, the initiation of non-metformin glucose-

lowering medication for users of non-metformin glucose-lowering medications, and the 

initiation of metformin for metformin users. A PCa event was defined as having an ICD-9 

diagnosis of 185 during the study period. The study termination date for each patient was 

either the date of the initial PCa diagnosis, the date of death, or September 30, 2012 (the end 
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of follow-up), whichever came first. Study subjects who did not have a PCa diagnosis during 

the study period were treated as censored.

Predictors and Measures

Medication Exposure—In the primary analysis, metformin use was defined as a 

minimum of 180 days of prescription at any dose, an exposure cut-point similar to that used 

in most clinical trials on metformin. (26) Non-users of metformin were patients who had no 

prescription for metformin during the study. Similarly, statin users consisted of patients who 

had any type of statin prescription at any dose for ≥180 days during the study, and non-users 

were those who had no statin prescription during the study. Finasteride users were patients 

who had any finasteride prescription for ≥180 days during the study period, and non-users 

were those who had no finasteride prescription during the study. These medication exposure 

variables are consistent with those in our prior study. (6,8)

In secondary analyses that assessed the impact of average daily dose of metformin use, 

patients with an average daily dose of ≥1000mg were compared with those with <1000 

mg/day under ≥90, ≥120, or ≥180 days of prescription. That is, metformin users in the 

secondary analyses consisted of those in the primary analysis (all had prescription for ≥180 

days) and the augmented users who had metformin prescription for 90–179 days.

Covariates—Covariates adjusted for in the analyses included age, race/ethnicity (Hispanic, 

AA, or NHW), and clinical characteristics of the patient: age-adjusted Charlson co-

morbidity score,(27) and the mean change of body mass index (BMI), low-density 

lipoprotein (LDL) and hemoglobin A1c (HbA1c), and the maximum PSA level during the 

study period.

Statistical Analyses

Racial/Ethnic Disparity in PCa Incidence Among Non-users of Metformin—The 

Cox proportional hazard model was used to assess whether the covariate adjusted PCa 

incidence differed by race/ethnicity under no metformin use. Predictors in this Cox model 

included indicators of race/ethnicity groups (AA and Hispanics) with NHW being the 

referent, indicators of statin use (6,7,9) and finasteride use,(28) age, change in LDL, HbA1c, 

and BMI, and the maximum PSA level during the study period. Under this Cox regression 

model, the impact of race/ethnicity was assessed by the hazard ratio (HR) associated with 

AA or Hispanic group relative to the NHW group. The coefficient was assessed by the Wald 

test with p-value <0.05 being significant.

To enhance the causal interpretability of the racial/ethnic difference in PCa incidence, the 

inverse propensity scores (21,22) of race/ethnicity group membership were incorporated as 

the weights in the Cox regression model to minimize confounding due to imbalance in 

baseline covariates between race/ethnic groups. The propensity scores were calculated using 

logistic regression analysis, where the dependent variable was the indicator of being in a 

race/ethnic group and the independent variables included baseline age, HbA1c, PSA, BMI, 

LDL, and Charlson comorbidity score. Each propensity score was the likelihood of 

belonging to a race/ethnic group conditioned on each subject’s baseline characteristics.
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Differential Metformin Impact on PCa Incidence Between Race/Ethnic Groups
—To assess whether metformin could reduce the racial/ethnic difference in PCa incidence, 

we first conducted Cox regression analyses of the entire study cohort to compare the HR 

associated with metformin use between race/ethnic groups. Predictors in this Cox model 

included indicators of AA, Hispanics, metformin use, statin use, and finasteride use, two-

way interactions of medication indicators (based on prior studies (6–9)), interactions 

between race/ethnicity with variables involving metformin use (i.e., indicator of metformin 

use, the product of the metformin use indicator and statin use indicator, and the product of 

metformin use indicator and finasteride use indicator), age, change in LDL, HbA1c, and 

BMI, and the maximum PSA level during the study period. To enhance the causal 

interpretability of metformin’s impacts, we also incorporated the propensity scores of 

metformin use as the inverse probability weights (IPW) in the Cox regression analyses. (21) 

Each propensity score was the likelihood of being treated with metformin for a patient 

calculated by the logistic regression analysis, where the dependent variable was the indicator 

of metformin use, and the independent variables included baseline HbA1c, age, and 

Charlson comorbidity score. Using these IPWs, individuals were weighted differently to 

achieve balance in baseline covariates between the metformin users and non-users, and 

therefore potential confounding due to imbalance in baseline characteristics was minimized. 

(21, 22) The interactions between race/ethnicity with metformin use were used to compare 

the HR associated with metformin use (empirically) between race/ethnic groups. Each 

model coefficient was assessed by the Wald test with p-value <0.05 being significant.

To gain further insight about the ‘potential biological’ variation of metformin impact 

between race/ethnic groups, we further employed the generalizability weighting technique 

(22) to predict whether the impact of metformin would have differed between race/ethnic 

groups should the post-baseline clinical characteristics be equalized between groups. The 

generalizability analysis involved two steps. First, we conducted stratified Cox proportional 

hazard model to assess the HR of PCa associated with metformin use for each race/ethnic 

group with covariates and propensity scores of metformin use being adjusted for as 

described above. Second, we derived the impact of metformin on PCa incidence for AA and 

Hispanics based on their respective likelihood functions such that the post-baseline clinical 

characteristics (HbA1c, BMI, LDL, and comorbidity) were calibrated between AA/

Hispanics and NHW. The calibration was done by weighting the likelihood of the AA/

Hispanics with the ratio of the proportion of the AA/Hispanic group in the cohort to the 

propensity score of being in the AA/Hispanic group conditioned on their clinical 

characteristics. (22) The impact of metformin derived from this generalizability analysis 

could be interpreted as the projected impact of metformin for AA or Hispanics should the 

clinical characteristics during the study period be calibrated between race/ethnic groups and 

the baseline covariates be balanced between metformin users and non-users.

The approach described above was modified for secondary analyses that examined the 

impact of the average metformin daily dose (≥1000mg vs. <1000mg) among metformin 

users. The modifications in the secondary analyses were: (i) the propensity scores of higher 

average metformin daily dose (≥1000mg per day) were incorporated as IPWs in the Cox 

regression analyses; (ii) the generalizability weights (to hypothetically equalize the post-
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baseline clinical characteristics between race/ethnic groups) were calculated only among 

metformin users; and (iii) three metformin exposure lengths, ≥90, ≥120, or ≥180 days of 

prescription, were analyzed separately.

All statistical analyses were conducted using SAS 9.1.

Results

In this study cohort of 76,733 men with T2D, the mean follow-up was 6.4±2.8 years, 59,906 

(78.1%) were NHW, 12,593 (16.4%) were AA, 4,234 (5.5%) were Hispanics, mean age was 

67.8±9.8 years, mean HbA1c was 6.5±1.0%, 3,983 (5.2%) had a PCa diagnosis, 19,805 

(25.8%) used metformin for ≥180 days, 59,952 (78.1%) used statins, and 10,282 (13.4%) 

used finasteride. Detailed study cohort characteristics are shown in Table 1.

From Table 1, we observed imbalance in subjects’ characteristics at baseline between 

metformin users and non-users as well as between race/ethnic groups, and some of these 

variables (age, BMI, HbA1c, PSA and Charlson comorbidity score) were associated with 

PCa outcome. Thus in order to assess the impact of race/ethnicity or metformin use on PCa 

incidence it is necessary to balance potential confounders between the comparison groups, 

such as weighting subjects by the reciprocal (or inverse) of their propensity scores for race/

ethnicity membership or metformin use.

Race/Ethnic Difference Under No Use of Metformin (see Table 2)

Under no use of metformin, the covariate adjusted Cox regression analysis without 

incorporating IPW (without balancing the covariates between race/ethnic groups) showed 

that HR associated with PCa for Hispanics vs. NHW was 1.79 (95% CI: 1.37–2.33, p<0.01), 

and HR for AA vs. NHW was1.88 (95% CI=(1.60,2.11), p<0.01). The increased PCa 

incidence in Hispanics and AA remained to be significant in the analysis that incorporated 

IPW: HR associated with PCa for Hispanics vs. NHW was 2.11 (95% CI=(1.90,2.33), 

p<0.01), and HR for AA vs. NHW was 1.66 (95% CI=(1.50,1.83), p<0.01). The reduction in 

the disparity between AA and NHW (from 1.88 to 1.66) associated with the IPW adjustment 

could be due to IPW calibration reducing the excessive PSA and LDL levels observed in AA 

relative to those in NHW. The increase in the disparity between Hispanics and NHW (from 

1.79 to 2.11) associated with the IPW adjustment could be due to the IPW calibration 

putting more weight on individuals with older age and higher BMI in Hispanics to match 

those in NHW. The results above suggested that both AA and Hispanics were associated 

with an increased PCa incidence even if the difference in covariates between groups would 

have been eliminated.

Impact of Metformin

Table 3 contrasts the covariates-adjusted HR associated with metformin use (alone or in 

combination with statin or finasteride) among race/ethnic groups. We reported results under 

two scenarios: clinical variables (HbA1c, LDL, comorbidity, BMI) during the study period 

were i) calibrated between race/ethnic groups using generalizability weights or ii) without 

calibration.
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Impact of Metformin Alone by Race/Ethnicity

In the analyses without adjusting for generalizability weights, metformin use alone was not 

associated with PCa incidence among NHW (HR=0.91, 95% CI=(.81,1.02), p=0.11) nor 

among AA (HR=1.10, 95% CI=(.94,1.27), p=0.23), while it was associated with a 

significant reduction in PCa incidence among Hispanics (HR=0.62, CI=(.49,.80), p<0.01). 

The testing of the interaction between metformin use alone and race/ethnicity indicators 

suggested that the impact of metformin alone on PCa incidence differed significantly by 

race/ethnicity: the HR associated with metformin alone was 31% less in Hispanics compared 

to NHW (p<0.01), and it was 21% greater in AA compared to NHW (p<0.01).

The differential impact of metformin use alone between NHW and Hispanics persisted even 

with the post-baseline clinical characteristics being calibrated between race/ethnic groups 

using IPW (see Table 3): metformin use alone was associated with a significant reduced PCa 

incidence in Hispanics (HR=0.50, p<.01) but not in NHW (HR=0.91, 95% CI=(0.82–1.01)) 

nor in AA (HR=0.92, 95%CI=(0.82–1.04)).

Metformin Dose Effect

Among metformin users who were not on statins or finasteride, for Hispanics, those who had 

an average daily dose of ≥1000 mg metformin (compared to <1000 mg) was associated with 

less PCa prevention benefit, while no differential dose effect was observed among AA. For 

AA, the IPW adjusted HR’s associated with an average daily dose of ≥1000 mg (vs. <1000 

mg) were 1.34 (p=0.15), 0.91 (p=0.50), 1.06 (p=0.67) under ≥180, ≥120, and ≥90 days of 

prescription. In contrast, for Hispanics, the IPW adjusted HR’s associated with an average 

daily dose of ≥1000 mg were 1.35 (p=0.10), 1.75 (95% CI=(1.38,2.21), p<0.01), 1.98 (95% 

CI=(1.57,2.51), p<0.01) under ≥180, ≥120, and ≥90 days of prescription. For NHW, 

although metformin did not appear to have an overall impact on PCa incidence (see Table 3), 

there appeared to be some variation in dose effect among metformin users: the IPW adjusted 

HR’s associated with an average daily dose of ≥1000 mg (vs. <1000 mg) were 1.35 (95% 

CI=(1.13,1.61), p<0.01),1.52 (95% CI=(1.35,1.71), p<0.01), and 1.48 (95% CI=(1.31,1.66), 

p<0.01) under ≥180, ≥120, and ≥90 days of prescription.

In summary, metformin use alone could reduce the excess PCa incidence in Hispanics 

(compared to NHW) but not the excess PCa incidence in AA. However this beneficial effect 

of reducing ethic disparity in PCa could vary by daily dose of metformin use.

Impact of Combination Use of Metformin and Statins by Race/Ethnicity

In the analyses without adjusting for generalizability weights, the HR associated with 

combination use of metformin and statins relative to no use of either drug was 0.58 (95% 

CI=(0.49,0.69) p<0.01) for NHW, 0.70 (95% CI=(0.58,0.86, p<0.01) for AA, and 0.40 (95% 

CI=(0.30,0.53), p<0.01) for Hispanics. The beneficial impact of combination use of 

metformin and statin on reduced PCa incidence was greater in Hispanics compared to that in 

NHW (p<0.01), while it was less in AA compared to that in NHW (p<0.01). In the analyses 

adjusting for generalizability weights, the HR associated with combination use of metformin 

and statins relative to no use of either drug was 0.58 (95% CI=(0.49–0.69), p<0.01) for 

NHW, 0.59 (95% CI=(0.48–0.72), p<0.01) for AA, and 0.32 (95% CI=(0.28–0.35), p<0.01) 
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for Hispanics. That is, the impact of combination use of metformin and statins differed 

significantly between NHW and Hispanics but not between NHW and AA. However, when 

(hypothetically) equalizing the clinical characteristics between the race/ethnic groups, the 

HR associated with the combination use of metformin and statins was similar between AA 

and NHW.

Metformin Dose Effect

The PCa prevention effect associated with the combination use of metformin and statins in 

NHW or AA did not differ by the average daily dose of metformin. For NHW who were on 

the combination of metformin and statins, the IPW adjusted HR’s associated with an average 

daily dose of ≥1000 mg (vs. <1000 mg) were 0.93 (p=0.86),1.03 (p=0.52), and 1.05 

(p=0.65) under ≥180, ≥120, and ≥90 days of prescription of metformin; similarly, the 

corresponding IPW adjusted HR’s for AA were 1.02 (p=0.95), 0.75 (p=0.23), and 0.79 

(p=0.36), respectively. In contrast, the PCa prevention effect associated with the combination 

use of metformin and statins for Hispanics was significantly reduced under a higher average 

daily dose of metformin use. The IPW adjusted HR’s associated with an average daily dose 

of ≥1000 mg among Hispanics were 1.92 (95% CI=1.00–3.66, p=0.05), 2.14 (95% CI=1.33–

3.42, p<0.01), 2.22 (95% CI=1.36–3.63, p<0.01) under ≥180, ≥120, and ≥90 days of 

prescription.

In summary, the combination use of metformin and statins could reduce the disparity in PCa 

incidence between Hispanics and NHW. However this ethic disparity reduction effect could 

be attenuated by higher daily dose of metformin use.

Impact of Combination Use of Metformin and Finasteride by Race/Ethnicity

In the analyses without adjusting for generalizability weights, the HR associated with 

concurrent use of metformin and finasteride (compared to no use) was 0.48 (95% CI=0.37–

0.63, p<0.01) for NHW, 0.58 (95% CI=0.44–0.77, p<0.01) for Hispanics, and 0.61 (95% 

CI=0.37–0.99, p=0.02) for AA. The impact of combination use of metformin and finasteride 

(compared to no use) on reduced PCa incidence did not differ significantly between NHW 

and Hispanics (p=0.27), while this impact was greater in NHW compared to that in AA 

(p<0.01).

In the analyses adjusting for generalizability weights, HR associated with the combination 

use of metformin and finasteride (compared to no use) was 0.48 (95% CI=0.37–0.63, 

p<0.01) for NHW, 0.25 (95% CI=0.16–0.39, p<0.01) for AA, and 0.25 (95% CI=0.20–0.30, 

p<0.01) for Hispanics.

Metformin Dose Effect

The PCa prevention effect associated with the combination use of metformin and finasteride 

did not vary by metformin daily dose in NHW nor Hispanics regardless of the length of 

metformin prescription. For NHW under the combination use of metformin and finasteride, 

the IPW adjusted HRs of PCa incidence associated with an average daily dose of ≥1000 mg 

metformin (vs. <1000 mg) were 1.11 (p=0.65), 1.43 (p=0.05), and 1.20 (p=0.32) under 

≥180, ≥120, and ≥90 days of prescription, and the corresponding HRs for Hispanics were 
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1.78 (p=0.19), 1.07 (p=0.83), and 1.21 (p=0.60), respectively. In contrast, the effect of 

combination use of metformin and finasteride among AA varied by the average daily dose of 

metformin use under ≥90 or ≥120 days of metformin prescription, but not under longer 

period (≥180 days). The IPW adjusted HR’s associated with an average daily dose of ≥1000 

mg (vs. <1000 mg) of metformin among AA were 1.77 (95% CI=0.82–3.80, p=0.14), 2.27 

(95% CI=1.28–4.00, p<0.01), and 2.61 (95% CI=1.45–4.70, p<0.01) under ≥180, ≥120, and 

≥90 days of prescription.

In summary, the combination use of metformin and finasteride could reduce the excess PCa 

incidence in both Hispanics and AA. This beneficial effect of reducing ethnic disparity in 

PCa did not vary by daily metformin dose. However, the racial disparity reduction effect 

could be attenuated by higher daily dose of metformin use.

Impact of Metformin on PCa Grade

We conducted further Cox regression analyses to examine the impact of metformin on high 

vs. low grade PCa among PCa patients. In this study of men with T2D, those with PCa and 

age similar to those in the PCPT, 50.4% had high grade cancer, while the PCPT, consisting 

of 8% diabetics, found 40% high grade cancer cases. The high grade PCa prevalence in our 

study is also consistent with Abdollah et al.’s study (2) where the prevalence of high grade 

PCa was 49% in patients with diabetes. Similar metformin effects were found in the high 

and low grade cases.

Covariates Associated with PCa Incidence by Race/Ethnicity

Covariates adjusted for in the Cox regression analyses and their associations with PCa 

incidence for each race/ethnic group are shown in Table 4. Older age was associated with 

increased PCa incidence, and the magnitude was similar between race/ethnic groups. 

Increased levels of PSA, BMI and LDL over time were also associated with increased PCa 

incidence for all race/ethnic groups. However, the magnitudes of these associations were 

stronger in Hispanics than those in non-Hispanics. Higher comorbidity score and decreased 

HbA1c level during the study period were associated with increased PCa incidence in NHW 

but not non-NHW.

Discussion

In this cohort of 76,733 male veterans with T2D who were free from cancer and CVD at 

baseline and remained insulin and TZD naïve during FY2003–FY2012, we found that under 

no use of metformin, both AA and Hispanics were associated with a higher PCa incidence 

than NHW men after adjusting for covariates (Table 2). Our finding of the higher PCa 

incidence in AA was consistent with the data in the general population, yet our observation 

of higher PCa incidence among Hispanic men contradicts the reported lower risk for 

Hispanic men in the general population. (1) However, our results are consistent with those 

reported by Waters et al. (4) The reason for the higher PCa risk in Hispanic men who are 

diabetic is not completely known. Based on prior studies in patients with T2D, one potential 

explanation for the impact of diabetes on PCa disparity between race/ethnic groups could be 

due to worse metabolic outcomes (e.g., higher HbA1c or cholesterol levels) among 

Wang et al. Page 9

Cancer Prev Res (Phila). Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hispanics or AA (compared to NHW),(18,19) that subsequently leads to chronic 

inflammation, hyperinsulinemia and dyslipidemia, and then increased the risk of PCa. In 

contrast, in our cohort, among non-users of metformin, glycemic control seemed similar 

between race/ethnic groups, and LDL was slightly higher in AA and Hispanics (see Table 1). 

Since no direct measures of chronic inflammation or hyperinsulinemia was available in our 

study, our IPW adjusted analyses implied that the racial/ethnic disparity could partly be due 

to chronic inflammation or hyperinsulinemia that was not mediated via glycemic control. 

The possibility of screening bias due to ethnic differences in PSA levels is not supported by 

our data as they were similar between NHW and Hispanic men.

Results from this study showing that a reduction in PCa incidence due to metformin use 

alone or in combination with statins was greater in Hispanics compared to NHW supports 

the hypothesis that metformin alone or in combination with statins could potentially reduce 

ethnic disparity in PCa incidence. Since the impact of statins did not differ by race/ethnicity, 

the superior impact of the combination use of metformin and statins in Hispanics could be 

driven by the superior impact of metformin use in Hispanics. In addition, the greater 

reduction in PCa incidence due to combination use of metformin and finasteride in 

Hispanics or AA (relative to NHW) suggests that metformin in combination with finasteride 

could reduce racial/ethnic disparity in PCa incidence. Like prior studies, (6–9) there 

appeared to be an add-on beneficial effect of finasteride or statins to metformin on reduced 

PCa incidence in this study (Figure 1) However, the heterogeneous impacts of metformin 

(dose and duration) seen in this study remains to be confirmed by prospective studies.

Our finding of a greater impact of metformin on PCa prevention in Hispanics or AA 

compared to NHW could be a reflection of the emerging evidence that approximately 30% 

of metformin response is heritable (29,30) Although drug response in these studies was 

measured in terms of metabolic measures such as HbA1c, preclinical studies have shown 

significant physiologic alterations in metformin transport that can affect its bioavailability in 

general and these genetic variants significantly differ in allele frequency by ethnic group. 

(10) Therefore pharmacogenomics of metformin response in terms of PCa prevention 

warrants further investigation as a plausible explanation for the differences observed.

Our study found that older age, increased PSA, BMI and LDL to be associated with 

increased PCa incidence across all race/ethnic groups (see Table 4),, suggesting that the 

management of PSA, BMI, and LDL could be crucial for PCa prevention in men with T2D. 

Since metformin could be associated with PSA, BMI, or LDL in some of the race/ethnic 

groups (Supplement Table), whether the greater PCa prevention benefit by metformin seen 

in AA and Hispanics with T2D was mediated through PSA, BMI or LDL remains to be 

seen. Increased HbA1c was associated with decreased PCa incidence only among NHW, 

which is consistent with the lower PCa prevalence in diabetics reported in the literature. (32) 

However it is not clear about the null association between HbA1c and PCa among non-

NHW men with T2D. Comorbidity was associated with increased PCa incidence only 

among NHW but not non-NHW, which could be due to the larger sample size in NHW or 

the lower likelihood of aggressive tumors among NHW that intrinsically rendered 

comorbidities more prognostically important. (33)
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The more favorable metformin impact in Hispanics vs. non-Hispanics found in this study is 

unlikely to be subject to PCa detection bias since we found no association between 

metformin use with PSA level or benign prostatic hyperplasia (BPH) diagnosis in any race/

ethnic group. The null association between metformin use and PSA level was also reported 

in Randazzo et al.’s recent study (34) and the null association between metformin use and 

BPH diagnosis was seen in Murff et al.’s large retrospective VA study. (35)

There are limitations to this historical observational study. The duration of T2D and the 

starting dates of non-pharmacological treatments for T2D among patients who were non-

users of glucose-lowering medications, two key variables for our analyses, were not 

available to us. However, all race/ethnic groups in our study cohort appeared to have similar 

T2D history to the extent that all patients were free from cancer and CVD at baseline, 

insulin naive, and with well glycemic control (with a slightly greater HbA1c level among the 

metformin users). Thus the interpretability of the impacts associated with race/ethnicity and 

metformin use derived from this study might depend on the similarity of the diabetes 

duration between the comparison groups and the accuracy of the starting date used in the 

analyses. In addition, due to the limited cancer grade data available in the VA cancer 

registry, our finding of metformin’s impact on PCa grade should be further validated. Lastly, 

to strengthen the causal interpretability of the result as in this non-randomized study, we 

employed inverse propensity score weighting methods to balance covariates between 

comparison groups. While these adjusted results could shed light on the biological 

explanation of variation in metformin response, further sensitivity analyses are necessary to 

assess the impact of unmeasured confounding on estimation bias. (36)

In conclusion, our study is the first to show that in men with T2D, metformin use could 

potentially reduce racial/ethnic disparity in PCa incidence. Given that metformin is currently 

a first-line choice to treat T2D, these results may appear inconsequential to clinical 

management. However, as with all anti-diabetic drugs, the use of metformin may gradually 

fade, especially as other glycemia-lowering drugs such as those in the incretin pathway 

come into favor. It will be important to thoroughly examine the potential pleiotropic effects 

of metformin in order to maximize the benefits given its well-defined safety profile and 

generic availability. It will also be important to confirm these results in clinical trials 

designed to examine ethnic-specific effects especially given the historical 

underrepresentation of the growing Hispanic population and the potential effect of ethnic-

specific genetic variation on drug and/or therapeutic response. Likewise, investigating other 

new T2D treatments with respect to reducing race/ethnic disparity in PCa incidence will be 

beneficial for clinical management for diabetic and possibly pre-diabetic men.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
HR Associated with Metformin Use for ≥180 days by Race/Ethnicity (Adjusting For 

Covariates, Propensity Score of Metformin Use But Without Generalizability Weights)
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Table 2

Covariate adjusted HR (95% CI) of PCa Incidence Associated Race/Ethnicity Among Non-Users of 

Metformin

AA vs. NHW Hispanic vs. NHW

Without IPW adjustment 1.88 (1.60–2.21) 1.79 (1.37–2.33)

With IPW adjustment 1.66 (1.50–1.83) 2.11 (1.90–2.33)
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Table 3

HR (95% CI) of PCa Incidence associated with Metformin use by Race/Ethnicity

NHW AA Hispanics

Metformin 0.91 (0.82–1.01) 1.10 (0.94–1.27) 0.63 (0.49–0.80)

0.92§ (0.82–1.04) 0.50*§ (0.47–0.52)

Metformin+Statin 0.58 (0.49–0.69) 0.70 (0.58–0.86) 0.40 (0.30–0.53)

0.59§ (0.48–0.72) 0.32*§ (0.28–0.35)

Metformin+Finasteride 0.48 (0.37–0.63) 0.61 (0.44–0.77) 0.58 (0.37–0.99)

0.25*§ (0.16–0.39) 0.25*§ (0.20–0.30)

*
significantly different from NHW based on 95% CI of HR

§
generalizability weights were used to calibrate post-treatment clinical characteristics between comparison groups
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