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Abstract

Purpose Although overall there is a positive association

between obesity and risk of prostate cancer (PrCa) recur-

rence, results of individual studies are somewhat incon-

sistent. We investigated whether the failure to exclude

diabetics in prior studies could have increased the likeli-

hood of conflicting results.

Methods A total of 610 PrCa patients who underwent

radical prostatectomy between 2005 and 2012 were fol-

lowed for recurrence, defined as a rise in serum

PSA C 0.2 ng/ml following surgery. Body mass index

(BMI) and history of type 2 diabetes were documented

prior to PrCa surgery. The analysis was conducted using

Cox proportional hazard models.

Results Obesity (25.6 %) and diabetes (18.7 %) were

common in this cohort. There were 87 (14.3 %) recurrence

events during a median follow-up of 30.8 months after

surgery among the 610 patients. When analyzed among all

PrCa patients, no association was observed between BMI/

obesity and PrCa recurrence. However, when analysis was

limited to non-diabetics, obese men had a 2.27-fold in-

creased risk (95 % CI 1.17–4.41) of PrCa recurrence

relative to normal weight men, after adjusting for age and

clinical/pathological tumor characteristics.

Conclusions This study found a greater than twofold as-

sociation between obesity/BMI and PrCa recurrence in

non-diabetics. We anticipated these results because the

relationship between BMI/obesity and the biologic factors

that may underlie the PrCa recurrence–BMI/obesity asso-

ciation, such as insulin, may be altered by the use of anti-

diabetes medication or diminished beta-cell insulin pro-

duction in advanced diabetes. Studies to further assess the

molecular factors that explain the BMI/obesity–PrCa re-

currence relationship are warranted.

Keywords Prostate cancer � Recurrence � Obesity �
Diabetes � Insulin signaling

Introduction

Prostate cancer (PrCa) is the most commonly diagnosed

solid tumor in men and the second leading cause of cancer-

related deaths in developed countries [1–3]. It has a com-

plex, multi-factorial etiology where both genetic and en-

vironmental/lifestyle factors contribute to prostate

carcinogenesis [4]. However, the majority of prostate tu-

mors do not progress rapidly or cause significant clinical

disease [5], and thus, research is increasingly focused on

identifying risk factors that are associated with higher rates

of cancer recurrence and/or mortality following treatment.

Obesity has been reported to be a risk factor for the de-

velopment of incident PrCa. A meta-analysis of 56 studies,

for example, reported a relative risk (RR) of 1.05 (95 % CI
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1.01–1.08) for PrCa per 5 kg/m2 increase in bodymass index

(BMI) [6]. Interestingly, though, several cohort studies of

this meta-analysis did not report such an association [6],

while others have suggested that the association between

BMI and PrCa may differ by tumor aggressiveness. That is,

obesity was associated with a 25–30 % increased risk of

advanced-grade/stage PrCa, but inversely associated with

the diagnosis of low-grade/local stage tumors [6–9].

Obesity/BMI at PrCa diagnosis has also been positively

associated with risk of PrCa recurrence in two recent meta-

analyses [10–12]; however, results of individual studies

have been somewhat inconsistent. For instance, while the

summary risk estimate for PrCa recurrence was RR = 1.16

(95 % CI 1.08–1.24) per 5 kg/m2 increase in BMI in the

most recent analysis [12], only 11 of 26 studies included in

this meta-analysis reported statistically significant positive

associations; albeit these tended to be the largest and most

comprehensive studies. Although some of the inconsis-

tency could be due to differences in ascertainment of pa-

tients’ populations, sample size, and number of events, we

noted that majority of the studies did not take into account

the complex role of BMI/obesity and diabetes in PrCa [12].

One of the major mechanisms through which adiposity is

thought to play a role in cancer is via high levels of circu-

lating insulin and insulin resistance in obese individuals [13,

14]. Insulin has mitogenic and anti-apoptotic activity, in

addition to its better-known metabolic effects [13]. For ex-

ample, studies by our group have shown strong associations

of fasting insulin levels with risk of postmenopausal breast

and endometrial cancer [15, 16]. Because of the potential

importance of insulin resistance to the obesity–cancer rela-

tionship, several prior studies of PrCa examined the relation

of type 2 diabetes with PrCa incidence [17, 18] and recur-

rence [19–21]. These studies have reported conflicting re-

sults, similar to those for the relationship of obesity with

PrCa, with the majority of the studies reporting no asso-

ciation between type 2 diabetes and risk of PrCa recurrence.

However, there is a complicated relationship between

diabetes and levels of insulin, as patients may use anti-

diabetic medications, and insulin levels may fall in advanced

diabetes due to reduced insulin secretion by pancreatic b-
cells [22, 23]. Thus, studies of diabetes and its relation with

risk of PrCa incidence and PrCa recurrence may be com-

plicated by variability in insulin levels among those with

frank diabetes.

If correct, then the failure to exclude diabetics from

studies of obesity and its associations with PrCa incidence

and recurrence could help explain variability in their

findings. We recently reviewed and made similar obser-

vations regarding the relationship between obesity with

breast cancer risk [24].

Therefore, in the current study, we examined association

between BMI/obesity and PrCa recurrence both with and

without diabetic patients included in the analysis. If as

predicted a stronger association of obesity with PrCa re-

currence were observed when diabetics were excluded in

our study, it would suggest that prior data from other

studies should be reanalyzed in a similar fashion to better

understand the obesity–PrCa recurrence relationship.

Moreover, it would provide strong evidence that molecular

pathways related to obesity similar to those involved in

other cancers, particularly insulin signaling pathway, may

be an important risk factor for PrCa recurrence.

Methods

Study population and data collection

We conducted a retrospective cohort study among PrCa

patients who underwent robotic-assisted laparoscopic

prostatectomy (RALP) by a single surgeon (RG) at Mon-

tefiore Medical Center (MMC) in the Bronx from October

2005 through December 2012, and were followed for dis-

ease recurrence through 31 December 2012. Detailed

electronic medical records (EMR) data were prospectively

obtained and updated at each clinical visit. Height and

weight were measured at clinic visit when PrCa diagnosis

was confirmed via biopsy, and history of type II diabetes

and diabetes medication(s) at the time of PrCa diagnosis

were abstracted from EMR for all patients. A total of

n = 640 PrCa patients underwent RALP during the 7-year

period, of which 610 (95 %) men with at least one follow-

up laboratory serum PSA measurement after surgery at

MMC were included in this analysis. Exclusion criteria

were the following: a pathologic tumor stage T0 at surgery

(n = 6); missing height and weight measurement (n = 1);

or missing follow-up data on serum PSA measurements

after surgery (n = 23). Consistent with clinical guidelines,

patients were to have PSA levels measured after surgery at

intervals of every 3 to 4 months in the first year, 6 months

in the second or third year, and annually thereafter. How-

ever, PSA measurements were done more frequently if the

postoperative serum PSA value exceeded 0.1 ng/dl. The

median number of follow-up serum PSA measurements

was seven (range 1–28) from date of surgery through date

of last visit or 31 December 2012 among the 610 patients.

Prostate cancer (PrCa) recurrence was determined as a rise

in serum PSA of C0.2 ng/ml after radical prostatectomy.

The study was approved by the Institutional Review Board

of Albert Einstein College of Medicine and MMC.

Statistical analysis

Demographic, clinical, and tumor characteristics were

compared among three groups of patients: i.e., those with
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normal weight (BMI\ 25 kg/m2), overweight (BMI

25–29.9 kg/m2), and obese (BMI C 30 kg/m2) at diagnosis

using one-way analysis of variance (ANOVA) for con-

tinuous normally distributed variables and Chi-square tests

for categorical variables. All tests were two-sided using a

significance level of a = 0.05. Among the 610 PrCa patients

included in the analysis, there were two men (0.3 %) who

had a BMI\ 18.5 kg/m2; and their exclusion from these

analyses had no impact on the results (data not shown).

Therefore, they were included in the BMI\ 25 kg/m2

category.

Follow-up time (months) was determined from date of

surgery until date of first PrCa recurrence (time to event),

date of last visit, or end of follow-up (31 December 2012)

whichever occurred first. We compared demographic,

BMI, clinical, and tumor characteristics, between patients

who recurred and those who did not recur during follow-up

using Kaplan–Meier (KM) survival curves and multivariate

Cox proportional hazards models [25, 26]. We initially fit a

Cox model adjusted for age and then additionally adjusted

for clinical/pathological variables that were associated with

PrCa recurrence (based on a p\ 0.05) including preop-

erative PSA, pathological Gleason score, tumor stage, and

whether the surgical tumor margins were positive or

negative. Additional variables that have been reported to be

predictors of PrCa recurrence in prior studies, such as race/

ethnicity, percent tumor volume in the prostate gland, and

positive lymph nodes, were also assessed as potential

confounders. However, these variables were not indepen-

dently associated with PrCa recurrence in multivariate Cox

proportional hazard models in our dataset, and thus, they

were excluded from the final analyses. All the above ana-

lyses in the study were conducted first among all PrCa

patients and then repeated by excluding men with diabetes.

All statistical analyses were carried out in STATA version

13 (STATA Corporation, College Station, Texas).

Results

The majority of the 610 PrCa patients included in this study

were non-Hispanic African-American (36.2 %) or Hispanic

men (38.2 %). The prevalence of obesity (BMI C 30 kg/

m2) and type 2 diabetes at PrCa diagnosis were 25.6 % and

18.7 %, respectively. Table 1 presents demographic, clin-

ical, and histo-pathological tumor characteristics of these

PrCa patients stratified by BMI category. There were no

significant differences in these characteristics among the

three BMI groups, with the exception of ASA score, which

was slightly higher in obese men in comparison with other

two groups. While not statistically significant, however, it

is noteworthy that obese men had lower proportion of a

diagnostic PSA C 20 ng/ml (3.8 %), but slightly higher

Gleason scores 7 (4 ? 3) or 8–10 (25 %) compared with

normal weight men. We also compared demographic and

clinical characteristics of diabetic PrCa patients (n = 114;

supplemental Table S1) and non-diabetic PrCa patients

(n = 496; supplemental Table S2) stratified by BMI

category, in separate analyses. Among diabetic patients,

there was a positive association between BMI and surgical

margins, where obese diabetic patients had higher pro-

portions of positive margins in comparison with the other

two BMI categories (p = 0.02). However, among non-

diabetic patients (n = 496), there were positive asso-

ciations between BMI category and ASA score and Glea-

son score, in which obese men had significantly higher

ASA score and higher Gleason score (i.e., 7 = 4 ? 3 or

8–10 tumors) in comparison with normal weight men

(supplemental Table S2).

Among 610 PrCa patients, 14.3 % (n = 87) had a cancer

recurrence during amedian 30.8 months (interquartile range

14.2–51.6) of follow-up after surgery. Table 2 shows our

age-adjusted analyses of associations between PrCa recur-

rence and demographic variables age, race/ethnicity, BMI,

as well as clinical and histo-pathological tumor character-

istics among all men (n = 610), including those with and

without diabetes. As expected, several clinical and patho-

logical tumor characteristics were associated with PrCa re-

currence. Men diagnosed with a serum PSA C 10 ng/ml, or

pathological Gleason score of 7 (4 ? 3) or 8–10, or patho-

logical tumor stage T3a, b or c, a positive lymph node, a

higher percentage of tumor volume in the prostate gland, and

those with positive surgical margins were more likely to

recur (all p values\0.001). However, in the age-adjusted

analysis, there were no associations between PrCa recur-

rence and BMI (either as continuous or categorical variable),

or type 2 diabetes among all PrCa patients.

We then examined associations between the same

variables and risk of PrCa recurrence after excluding men

with diabetes (Table 3). A total of n = 496 non-diabetic

men were included in this analysis. In contrast to the results

among all subjects, the results in non-diabetic PrCa patients

showed a significantly increased risk of PrCa recurrence

among obese men relative to normal weight men (Table 3

and Fig. 1). In multivariate-adjusted Cox proportional

hazard models (Table 4), among non-diabetic PrCa pa-

tients, an increase of 5 kg/m2 in BMI was associated with a

38 % increased risk of PrCa recurrence (95 % CI

1.05–1.82; p = 0.02). In categorical analysis, non-diabetic

obese men (BMI C 30 kg/m2) had a 2.27-fold higher risk

of PrCa recurrence (95 % CI 1.17–4.41; p = 0.02) relative

to normal weight men, after adjusting for age, preoperative

PSA, pathological Gleason score, tumor stage, and pres-

ence of positive surgical tumor margins. Overall, there was

a monotonic increase in risk of cancer recurrence with

increasing BMI stratum; i.e., relative to normal weight
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men, there was a non-significantly higher risk in over-

weight men and then a statistically significantly elevated

risk in obese men (p-trend = 0.03).

Discussion

We investigated the association between BMI/obesity and

PrCa recurrence in a racially and ethnically diverse patient

population (36 % African-American and 38 % Hispanic)

and, furthermore, addressed the importance of excluding

diabetics from the study of theBMI/obesity–PrCa recurrence

relationship. The analysis of these data in a population with a

high number of minority men is particularly relevant, given

the disproportionately higher prevalence of obesity among

African-American and Hispanic men [27–29], as well as

higher rates of PrCa recurrence and mortality especially

among African-Americans [1–3]. Prior reports regarding the

relation of obesity and PrCa recurrence had inconsistent

results [10, 12]. A priori hypothesis behind our analytic plan

was that the inconsistency in the findings of earlier studies of

obesity and PrCa recurrence could be explained, in part, by

the failure of previous investigations to exclude diabetics

from their analysis.

Our results showed a greater than twofold increased risk

of PrCa recurrence among obese men after excluding

diabetics from the analysis, but no effect when diabetics

were included. These analyses were adjusted for age and

other important clinical predictors of PrCa recurrence such

as preoperative PSA, pathological Gleason score, tumor

stage, and presence of positive surgical tumor margins. All

patients were treated by the same surgeon using robotic-

assisted laparoscopic prostatectomy at a single institution.

Of the 18 studies included in the most recent meta-ana-

lysis [12], which investigated the associations of BMI/obe-

sitywith risk of biochemical recurrence among PrCa patients

treated with radical prostatectomy, only two studies [30, 31]

reported on the prevalence of diabetes, but none of them

Table 1 Demographic, clinical,

and histo-pathological

characteristics of all prostate

cancer patients stratified by

body mass index (BMI)

Characteristics BMI\ 25 BMI: 25–29.9 BMI C 30 p*

(n = 174) (n = 280) (n = 156)

Age (year), mean SD 60.0 7.0 60.3 7.0 59.0 7.2 0.16

Race [n (%)] 0.25

African-American 69 39.7 100 35.7 52 33.3

Caucasian 10 5.7 36 12.9 22 14.1

Hispanic 68 39.1 106 37.9 59 37.8

Other/unknown 27 15.5 38 13.6 23 14.7

ASA score 2.02 0.51 2.10 0.47 2.14 0.44 0.05

Diabetes [n (%)] 36 20.7 51 18.2 27 17.3 0.71

Pre-operative PSA [n (%)] 0.91

\4.0 17 9.8 31 11.1 19 12.2

4.0–9.9 111 63.8 179 63.9 104 66.7

10–19.9 25 14.4 40 14.3 18 11.5

C20 13 7.5 16 5.7 6 3.8

Missing 8 4.6 14 5.0 9 5.8

Pathological Gleason score [n (%)] 0.09

5, 6 61 35.1 118 42.1 54 34.6

7 (3 ? 4) 88 50.6 110 39.3 63 40.4

7 (4 ? 3) 15 8.6 33 11.8 25 16.0

8–10 9 5.2 19 6.8 14 9.0

Pathological tumor stage [n (%)] 0.31

T1 or T2a/b 17 9.8 43 15.4 14 9.0

T2c 121 69.5 183 65.4 105 67.3

T3a 20 11.5 26 9.3 22 14.1

T3b/c 15 8.6 28 10.0 15 9.6

Positive lymph node [n (%)] 4 2.3 5 1.8 3 1.9 0.93

% Tumor; mean SD 12.6 12.9 12.9 12.9 13.4 13.0 0.85

Positive margins; [n (%)] 65 37.8 97 35.0 65 42.5 0.31

* p values are calculated from one-way ANOVA (continuous variables) or Chi-square tests (categorical

variables); some percentages may not add up due to missing values

824 Cancer Causes Control (2015) 26:821–830

123



excluded diabetic patients from their analysis to determine

the impact of diabetes on the relationship between BMI/

obesity and PrCa recurrence. Basset and colleagues [31]

followed 2,131 PrCa patients (90 % Caucasian) who had

undergone prostatectomy between 1989 and 2003 and were

part of the Cancer of the Prostate Strategic Urologic Re-

search Endeavor (CaPSURE) study. The prevalence of

obesity and diabeteswere 22% and 8 %, respectively, in that

cohort, and 251 (12 %) men had a PrCa recurrence during a

median 13-month of follow-up [31]. They reported a

RR = 1.31 (95 % CI 1.00–1.71) for obese versus non-obese

men, and the association was stronger for very obese men

(RR = 1.69; 95 % CI 1.01–2.84 for BMI C35 vs.\25 kg/

m2). In another study, Asmar and colleagues [30] examined

associations between BMI, diabetes, and risk of biochemical

recurrence among 1,428 PrCa patients (81 % Caucasian;

8 % African-American) who had undergone prostatectomy

at the University of Michigan between 1994 and 2007 and

were followed for cancer recurrence. The prevalence of

obesity and diabeteswas 33%and 13 %, respectively, in that

study, and 107 (8 %) men had a recurrence during a median

follow-up of 3.6 years. Interestingly, there was a suggestion

for an increased risk of PrCa recurrence associated with

obesity in this study, albeit not statistically significant

Table 2 Associations of demographic, clinical, and histo-pathological characteristics with prostate cancer (PrCa) recurrence among all patients

Characteristics PrCa recurrencea

n = 87

No recurrence

n = 523

Age-adjusted pb

HRb 95 % CIb

Age (year), mean SD 60.8 6.6 59.8 7.2 1.02 0.99–1.05 0.20

Follow-up (months), median IQR 11.2 1.9–22.6 34.4 17.2–55.8

Race/ethnicity [n (%)]

Caucasian 10 11.5 58 11.1 1.00 – –

African-American 32 36.8 189 36.1 0.98 0.48–2.00 0.96

Hispanic 32 36.8 201 38.4 1.05 0.51–2.14 0.89

Other/unknown 13 14.9 75 14.3 0.90 0.39–2.08 0.81

BMI (kg/m2)c, mean SD 27.7 4.4 27.5 4.1 1.06 0.82–1.37 0.65

BMI Category [n (%)]

\25 24 27.6 150 28.7 1.00 – –

25–29.9 34 39.1 246 47.0 0.87 0.51–1.46 0.60

C30 29 33.3 127 24.3 1.41 0.82–2.42 0.22

Type II diabetes [n (%)] 15 17.2 99 18.9 0.97 0.56–1.70 0.93

ASA score 2.13 0.48 2.08 0.47 1.18 0.76–1.86 0.46

Pre-operative PSA [n (%)]

\4.0 2 2.3 65 12.4 1.00 – –

4.0–9.9 50 57.5 344 65.8 4.05 0.98–16.71 0.053

C10 31 35.6 87 16.6 9.04 2.16–37.90 0.003

Missing 4 4.6 27 5.2 5.95 1.08–32.76 0.04

Pathological Gleason score [n (%)]

5, 6 12 13.8 221 42.3 1.00 – –

7 (3 ? 4) 30 34.5 231 44.2 2.21 1.12–4.32 0.02

7 (4 ? 3) 23 26.4 50 9.6 7.19 3.56–14.54 \0.0001

8–10 21 24.1 21 4.0 15.58 7.56–32.12 \0.0001

Pathological tumor stage [n (%)]

T1 or T2a/b 7 8.0 67 12.8 1.00 – –

T2c 38 43.7 371 70.9 0.96 0.43–2.14 0.91

T3a 24 27.6 44 8.4 4.14 1.78–9.62 0.001

T3b/c 17 19.5 41 7.8 3.66 1.52–8.84 0.004

Positive lymph node [n (%)] 6 6.9 6 1.1 5.03 2.19–11.57 \0.0001

% Tumor; mean SD 19.94 16.72 11.78 11.80 1.03 1.02–1.04 \0.0001

Positive margins [n (%)] 49 56.3 178 34.0 2.59 1.67–4.00 \0.0001

a Prostate cancer (PrCa) recurrence is defined as the first occurrence of a rise in serum PSA C 0.2 ng/ml after radical prostatectomy
b Hazard ratios (HR) and 95 % CI are calculated from age-adjusted Cox PH models
c For continuous BMI, HR, and 95 % CI are expressed per 5 kg/m2 increase in BMI
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(RR = 1.37, 95 % CI 0.92–2.09 for obese vs. non-obese

men), but no association between diabetes and PrCa recur-

rence [30]. It is interesting to note that with the increasing

prevalence of diabetes, the association between BMI/obesity

and PrCa recurrence tends to go toward the null as it was the

case in our studywhere prevalence of diabeteswas 19 %. It is

also important to note that none of these studies carried out a

sensitivity analysis to exclude diabetics, as we did in our

analysis. Our findings suggest that all prior studies of the

obesity and PrCa recurrence should be reanalyzed now by

excluding diabetic patients.

The current findings and literature review are consistent

with a general concern we have raised in studying the ef-

fects of obesity and insulin levels with cancer risk and

recurrence, without excluding diabetics, across different

tumor types [15, 16, 24]. The inclusion of diabetics in such

studies is problematic since serum insulin levels in indi-

viduals with type 2 diabetes may be altered by use of ex-

ogenous insulin or medications that influence insulin

sensitivity and secretion [22, 23]. Furthermore, individuals

with advanced diabetes may experience reduced insulin

secretion by pancreatic b-cells [22, 23]. While the relation

Table 3 Associations of demographic, clinical, and histo-pathological characteristics with prostate cancer (PrCa) recurrence among non-

diabetic patients

Characteristics PrCa recurrencea

n = 72

No recurrence

n = 424

Age-adjusted pb

HRb 95 % CIb

Age (year), mean SD 60.5 7.0 59.5 7.3 1.02 0.99–1.05 0.24

Follow-up (months), median IQR 13.2 2.3–22.8 36.4 17.5–56.9

Race/ethnicity [n (%)]

Caucasian 10 13.9 50 11.8 1.00 – –

African-American 26 36.1 152 35.8 0.82 0.39–1.70 0.59

Hispanic 25 34.7 161 38.0 0.86 0.41–1.80 0.69

Other/unknown 11 15.3 61 14.4 0.78 0.33–1.84 0.57

BMI (kg/m2)c, mean SD 28.3 4.2 27.5 4.1 1.29 0.98–1.69 0.07

BMI category [n (%)]

\25 16 22.2 122 28.8 1.00 – –

25–29.9 30 41.7 199 46.9 1.15 0.63–2.11 0.66

C30 26 36.1 103 24.3 1.90 1.02–3.54 0.04

ASA score 2.07 0.45 2.04 0.47 1.09 0.66–1.81 0.73

Pre-operative PSA [n (%)]

\4.0 2 2.8 53 12.5 1.00 – –

4.0–9.9 45 62.5 285 67.2 3.55 0.86–14.68 0.08

C10 23 31.9 67 15.8 7.23 1.70–30.76 0.007

Missing 2 2.8 19 4.5 3.72 0.52–26.61 0.19

Pathological Gleason score [n (%)]

5, 6 12 16.7 187 44.1 1.00 – –

7 (3 ? 4) 26 36.1 180 42.5 2.05 1.03–4.07 0.04

7 (4 ? 3) 19 26.4 41 9.7 6.17 2.98–12.79 \0.0001

8–10 14 19.4 16 3.8 12.85 5.83–28.31 \0.0001

Pathological tumor stage [n (%)]

T1 or T2a/b 7 9.7 52 12.3 1.00 – –

T2c 34 47.2 300 70.8 0.88 0.39–1.99 0.76

T3a 17 23.6 37 8.7 2.87 1.19–6.93 0.02

T3b/c 13 18.1 35 8.3 2.77 1.10–6.95 0.03

Positive lymph node [n (%)] 5 6.9 5 1.2 5.09 2.04–12.66 \0.0001

% Tumor; mean SD 19.01 16.44 11.84 12.27 1.02 1.01–1.04 \0.0001

Positive margins [n (%)] 40 55.6 147 34.7 2.54 1.57–4.10 \0.0001

a Prostate cancer (PrCa) recurrence is defined as the first occurrence of a rise in serum PSA C 0.2 ng/ml after radical prostatectomy
b Hazard ratios (HR) and 95 % CI are calculated from age-adjusted Cox PH models
c For continuous BMI, HR and 95 % CI are expressed per 5 kg/m2 increase in BMI
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between serum insulin and risks of PrCa incidence or re-

currence/mortality has not been extensively studied, we

have previously shown that the attributable risk of post-

menopausal breast cancer explained by insulin levels was

greater than that for estradiol, and in multivariate models

adjustment for insulin but not estradiol accounted for the

BMI effect on breast cancer risk [16].

With regard to PrCa mortality, Ma and colleagues [32]

examined the role of both pre-diagnostic BMI and plasma

C-peptide (reflecting insulin secretion) on PrCa-specific

mortality among 2,546 men (95 % Caucasian) with inci-

dent PrCa from the Physician’s Health Study who were

followed for mortality (n = 281 PrCa deaths during a

median 7 years of follow-up). Overall, there was a linear

increase in risk of PrCa-specific mortality per one kg/m2

increase in BMI (RR = 1.07; 95 % CI 1.02–1.12) and the

risk was highest among obese men (RR = 1.95; 95 % CI

1.17–3.23 when comparing obese vs. normal weight men)

[32]. Since the prevalence of diabetes was very low in this

cohort (1.5 %), the association between BMI and PrCa-

specific mortality remained the same after exclusion of

diabetics. To our knowledge, no other studies conducted

analyses stratified by diabetes or by excluding diabetic

patients. Ma and colleagues [32] also assessed association

between C-peptide levels and PrCa-specific mortality

among 825 PrCa patients in this study and reported a RR of

2.38 (95 % CI 1.31–4.30) for highest versus lowest quartile

(p-trend = 0.03). Inclusion of BMI in this model slightly

attenuated the association of C-peptides with PrCa mor-

tality; however, inclusion of both BMI and PrCa

clinical/pathological features in the same model attenuated

the associations for both obesity (RR = 1.87, 95 % CI

0.80–4.37) and C-peptide (RR = 1.72, 95 % CI 0.92–3.24,

for Q4 vs. Q1; p-trend = 0.11) [32]. This finding suggested

0.
00

0.
25

0.
50

0.
75

1.
00

P
ro

ba
bi

lit
y 

of
 P

S
A

 F
re

e-
R

ec
ur

re
nc

e

129 77 43 20 1BMI ≥ 30
229 147 92 46 2  BMI 25-29.9
138 95 60 26 3BMI < 25

Number at risk

0 20 40 60 80

Follow-up (months)

BMI<25 BMI 25.0-29.9
BMI ≥30

Log-rank test p=0.04

Fig. 1 Kaplan–Meier survivorship curves for prostate cancer (PrCa)

recurrence by body mass index (BMI) among non-diabetic patients

Table 4 Covariate-adjusted models for associations of body mass index (BMI) with prostate cancer recurrence among all patients and in non-

diabetics

No events Person-months at risk Age-adjusted model Multivariate-adjusted modela

HR 95 % CI p HRa 95 % CI p

All patients (n = 610)

BMI continuous (kg/m2)b 87 20,170.9 1.06 0.82–1.37 0.65 1.09 0.85–1.41 0.49

BMI category (kg/m2)

\25 24 5,816.3 1.00 – 1.00 –

25–29.9 34 9,399.1 0.87 0.51–1.46 0.60 1.07 0.62–1.84 0.82

C30 29 4,955.5 1.41 0.82–2.42 0.22 1.48 0.84–2.61 0.18

Non-obese (BMI\ 30) 58 15,215.4 1.00 – 1.00 –

Obese (BMI C 30) 29 4,955.5 1.53 0.98–2.39 0.06 1.42 0.90–2.27 0.14

Non-diabetic patients (n = 496)

BMI continuous (kg/m2)b 72 16,885.4 1.29 0.98–1.69 0.07 1.38 1.05–1.82 0.02

BMI category (kg/m2)

\25 16 4,928.8 1.00 – 1.00 –

25–29.9 30 7,873.7 1.15 0.63–2.11 0.66 1.32 0.70–2.51 0.39

C30 26 4,082.9 1.90 1.02–3.54 0.04 2.27 1.17–4.41 0.02

Non-obese (BMI\ 30) 46 12,766.5 1.00 – 1.00 –

Obese (BMI C 30) 26 4,082.9 1.74 1.07–2.82 0.02 1.90 1.14–3.14 0.01

a HR and 95 % CI were estimated from Cox proportional hazards models adjusted for age, Gleason score, tumor stage, preoperative PSA, and

positive surgical margins
b For continuous BMI, HR, and 95 % CI are expressed per 5 kg/m2 increase in BMI
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that the association between BMI and PrCa-specific mor-

tality was partly mediated through C-peptide (proxy for

insulin).

Our results also provide novel but indirect evidence that

as with several other common cancers (e.g., breast) insulin

signaling may play a biologic role in PrCa recurrence. This

is important since in addition to obesity being a readily

modifiable risk factor, insulin signaling is itself potentially

modifiable. Higher insulin levels have been positively as-

sociated with prostate carcinogenesis [32, 33]. Also the

direct measurement of insulin signaling in the tissues such

as expression of insulin receptor (IR) has been reported to

be higher in prostate tumors versus benign prostate ep-

ithelial cells [34]. However, the relationships between total

IR as well as activated IR expression levels, in relation to

PrCa recurrence have not, to our knowledge, been studied.

Inflammatory factors may also help explain the relation

of obesity with PrCa recurrence. Adipose tissue is known

to secrete both adipokines and inflammatory cytokines that

induce proliferation and suppress apoptosis of cancer cells

and hence promote growth of primary tumors [35–37].

Inflammatory cells also produce various pro-inflammatory

chemokines, which, in addition to recruiting leukocytes to

infiltrate the local inflammatory site, may act as angiogenic

factors or growth factors that further stimulate tumor pro-

gression [38–40]. Chronic inflammation is frequently ob-

served in prostate tumors and correlates with higher

Gleason score and higher serum PSA levels [41–43]. A

recent study of 287 prostatectomy specimens showed that

markers of intra-tumor inflammation were associated with

a 2.1-fold increased risk of PSA recurrence (95 % CI

1.02–4.24), although this association was attenuated when

accounting for tumor pathological features [44]. Further-

more, treatment for diabetes might result in reduction in

systemic inflammation, leading to disconnect that we ob-

served between obesity and PrCa recurrence.

Several limitations of the study must be considered in

the interpretation of the current data. In particular, we

studied only PrCa recurrence and not the development of

metastases or PrCa-specific mortality. Longer follow-up

will be required to conduct such analyses. Nonetheless,

PrCa recurrence is a well-established endpoint, and it is an

important step in PrCa progression to metastasis and can-

cer-related mortality. We also did not assess other mea-

sures of obesity such as waist circumference, waist-to-hip

ratio, or weight change and their association with PrCa

recurrence in the current study. Other studies have shown

that weight gain in men is associated with increased risk of

PrCa recurrence [45, 46]. Also some of the non-diabetic

patients (i.e., those without known history of type 2 dia-

betes) could have had potentially undiagnosed diabetes.

However, if this were the case, the strength of the asso-

ciation between BMI/obesity and PrCa recurrence that we

observed in this study would be an underestimate of the

true association. In this study, diabetic patients had similar

BMI in comparison to non-diabetic men at the time of PrCa

diagnosis: 27.3 ± 4.3 versus 27.6 ± 4.1 kg/m2 (p = 0.49).

One potential explanation for the apparent lack of a posi-

tive association between BMI and type 2 diabetes among

PrCa patients could be that men with long-term type 2

diabetes could have lost weight due to dietary changes or

oral metformin medication [47, 48]. For example, in the

Diabetes Prevention Program, diabetic patients who were

taking metformin had significantly higher weight loss and

reduced waist circumference during follow-up in compar-

ison to patients who were taking placebo [47]. Potential

mechanisms by which metformin could affect weight loss

include the reduction in food intake by decreasing the

orexigenic peptides, neuropeptide-Y, and agouti-related

protein in the hypothalamus; by improving leptin and in-

sulin sensitivity and by increasing glucagon-like peptide-1

levels; as well as by creating favorable changes in fat

metabolism via lowering both circulating and hepatic lipid

levels [48]. Finally, we could not directly study the mole-

cular mechanisms that we hypothesize underlie the relation

of PrCa recurrence with obesity given the data available in

this study. Future studies with appropriate specimens to

assess insulin/insulin-like growth factor (IGF)-axis signal-

ing in PrCa recurrence are warranted.

In summary, the current study showed a strong asso-

ciation between obesity and PrCa recurrence among non-

diabetic PrCa patients, and it also provided evidence that it

is critical to exclude diabetics when studying this rela-

tionship. Prior studies of the obesity–PrCa recurrence re-

lationship should consider reanalyzing their data by

restricting analysis to non-diabetics, particularly if the

prevalence of diabetes is high. Molecular studies to directly

assess the biologic factors that explain the BMI/obesity–

PCa recurrence relationship are now warranted.
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