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Abstract

Objectives—Inconsistent evidence exists on whether obesity is associated with an increased risk

of prostate cancer death post-radical prostatectomy. We examined data from three large health

plans to evaluate if an increased body mass index (BMI) at prostate cancer diagnosis is related to

prostate cancer mortality.

Subjects & Methods—This population-based case-control study included 751 men with

prostate cancer who underwent radical prostatectomy. Cases were men who died due to prostate

cancer (N=323) and matched controls (N=428). We used multivariable logistic regression models

to assess the association between BMI at diagnosis and prostate cancer mortality, adjusted for

Gleason score, PSA, tumor characteristics, and matching factors.

Results—Study subjects were classified into the following BMI (kg/m2) categories: healthy

(18.5–24.9), overweight (25–29.9) and obese (≥ 30). Nearly 43% of the participants had a BMI

≥25 at diagnosis. A higher fraction of cases (30%) were obese compared to controls (22%).

Overall, obese men had more than a 50% increase in prostate cancer mortality (adjusted odds

ratio=1.50 [95% CI, 1.03–2.19]) when compared to men with healthy BMI. After stratifying by

Gleason score, the odds of mortality generally rose with increasing BMI. The strongest effect was

observed in the Gleason Score 8+ category (2.37, 95% CI: 1.11–5.09). These associations

persisted after adjusting for PSA at diagnosis and other tumor characteristics.

Conclusions—These results suggest that BMI at diagnosis is strongly correlated with prostate

cancer mortality, and that men with aggressive disease have a markedly greater odds of death if

they are overweight or obese.
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INTRODUCTION

Nearly 240,890 men were newly diagnosed with prostate cancer in 2011, and roughly

33,700 died due to the disease [1]. Known risk factors for prostate cancer incidence include

age, African-American race/ethnicity, lower socio-economic status, family history of any

cancer, and high body mass index [1–2]. However, after the initial prostate cancer diagnosis,

it is unclear which individuals are at greater risk of mortality and if lifestyle factors (such as

body weight) can impact survival. The biologic mechanism for obesity potentially affecting

prostate cancer prognosis is not established, but prior studies have hypothesized that obesity

is associated with higher grade tumors, disease progression, higher prostate specific antigen

(PSA) levels after diagnosis [3–5], or lower testosterone levels, all of which can contribute

to adverse prostate cancer outcomes [6]. Further, obtaining clear surgical margins is also

difficult in obese patients who undergo prostatectomy [5].

Recent studies suggest that obesity around the time of prostate cancer diagnosis may affect

survival, but many were limited by short follow-up time, or the timing for capturing of body

mass index (BMI) data was not clear [7–10]. Obesity was associated with an increased risk

of prostate cancer death in a pooled analysis of 424,519 participants in the Asia-Pacific

Cohort Studies Collaboration (APCSC). In that analysis, excess weight increased the risk of

prostate cancer mortality by 45% in obese men (HR=1.45 [95% CI: 0.97–2.19]) and by 41%

in overweight men (HR=1.41 [1.14–1.74]) [9]. However, in the pooled APCSC analysis, it

was unclear when BMI was captured in each of the individual studies. Rodriguez and

colleagues also examined two large cohorts of adult men in the U.S. and similarly

determined that BMI was associated with prostate cancer-specific mortality in both cohorts

(RR=1.27, 1.04–1.56 in first cohort and RR=1.21, 1.07–1.37 in the 2nd) [11]. However, BMI

was obtained before diagnosis and based on self-reported height and weight in that study. A

few other studies examined how BMI affects biochemical recurrence based on prostate

specific antigen (PSA); however, biochemical recurrence is not strongly correlated with

mortality [12,13]. In addition, other studies were based on small number of deaths or lacked

information on important covariates such as tumor characteristics [14]. Given the limitations

and results of these prior studies, the objective of this study was to determine if BMI at

prostate cancer diagnosis was related to prostate cancer mortality using height, weight and

comorbidity data captured from medical records of men diagnosed and treated with

prostatectomy in three large health maintenance organizations. Our hypothesis was that BMI

at diagnosis was related to prostate cancer survival with obese and overweight men more

likely to die due to their disease after accounting for comorbidities and other patient and

clinical factors.
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METHODS

Study design, setting and patients

The study population included men who were members of three large managed care

organizations in California, and northwest Oregon and southwest Washington (Kaiser

Permanente), diagnosed with prostate cancer from 1971– 2001 and treated with radical

prostatectomy, and were either Non-Hispanic Whites or African-American, ≤ age 80 years,

and health plan members for at least 12 months following their diagnosis. Potential subjects

were identified through the SEER-affiliated (California) and health plan (Oregon/

Washington) cancer registries. The cause of death was ascertained through electronic

linkage with each state’s death certificate files (California) or cancer registry follow-up

(Oregon/Washington) and confirmed with chart reviews conducted by the study oncologist

(KRB).

We conducted a case-control study whereby cases were prostate cancer patients who

subsequently died as a result of the disease and controls were prostate cancer patients who

were alive at the time of the matched cases’ death. Controls were individually matched on

the following factors: 1) race, 2) age at diagnosis, 3) stage at diagnosis (American Joint

Commission on Cancer TNM classification), 4) year of diagnosis, 5) health plan site, 6)

duration of health plan membership before diagnosis and 7) at least as long duration of

health plan membership after diagnosis. Among white participants, we matched 1 control

per case, and among African-Americans the proposed ratio was 1:2 (however, for some AA

cases, we only found one match). The study included 323 cases and 428 controls. The

Institutional Review Boards from each of the three study sites reviewed and approved this

study

Data elements

Information on the exposure and covariates were abstracted from standardized chart reviews

by trained chart abstractors, and the SEER affiliated cancer registries. The exposure variable

of interest was BMI (kg/m2) at prostate cancer diagnosis. Because BMI was not always

noted in the medical charts at the time of diagnosis, we captured height and weight six

months pre or post-diagnosis. BMI was classified into three categories: healthy (18.5–24.9);

overweight (25.0–29.9); and obese (≥30) [15,16]. Covariates included years of membership

in the health plan, symptoms at diagnosis (e.g., urinary voiding; musculoskeletal pain;

sexual dysfunction; abdominal pain), history of hypertension, diabetes and tobacco use

before diagnosis, and prostate cancer recurrence. We also extracted information on prostate

specific antigen (PSA) level at diagnosis, primary cancer treatment (mainly radiotherapy)

and any adjuvant hormonal or neo-adjuvant treatment. Pathologic variables were assessed

by an expert prostate cancer pathologist (BK). These variables included tumor grade,

positive surgical margins, and lymph node status (positive or negative), and Gleason score.

Gleason score was based on review of diagnostic pathology slides from the radical

prostatectomy. Gleason score was categorized into three categories: <7; 7 (either 3+4 or 4+3

pattern); and ≥8.

Haque et al. Page 3

Obes Res Clin Pract. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Statistical Analysis

We initially examined proportions of BMI categories and covariates by case-control status.

Distributions of these variables were compared using chi-square tests. In multivariable

analyses, we performed conditional and unconditional logistic regression analyses to

estimate crude and adjusted odds ratios (ORs), and 95% confidence intervals (CIs). Because

the results were similar from the two models, we presented the unconditional results to

enhance precision and power [17–19]. In addition to the potential confounding factors

accounted for by matching (health plan site, race, age at diagnosis, year of diagnosis and

stage at diagnosis, duration of health plan membership), we also included the following

variables in unconditional logistic regression models: tumor grade, lymph node status, PSA

at diagnosis, adjuvant radiotherapy, and surgical margins. Only those factors deemed to be

significant in the descriptive analyses were ultimately included in the multivariate model.

Because Gleason score is an important predictor for aggressive disease and may be related

to BMI, we conducted separate analyses stratified by Gleason score. In all models, a two-

sided test with an alpha level of 0.05 was used, and the healthy BMI group (BMI<25) was

used as the reference group. All analyses were conducted using SAS version 9.2.

RESULTS

The final study group included 323 cases and 428 controls for a total of 751 men. The cases

included 277 Caucasian and 46 non-Caucasians. The controls included 331 Caucasians and

97 non-Caucasians. Table 1 displays the demographic and clinical characteristics of the case

and control groups. Of the 323 fatal cases, the majority of cases (n=266, 82%) were initially

diagnosed with early stage disease (TNM stage II-III). (Note, among the men with stage IV

disease who underwent radical prostatectomy, all had localized lymph node only disease).

The majority of cases and controls were enrolled in the health plan for more than five years,

with controls having longer membership duration (P<0.05). As expected, the distribution of

age and year at diagnosis (matching factors) were similar in both groups. Also, as expected,

higher percentage of fatal cases were symptomatic at diagnosis (i.e., had urinary voiding

problems, musculoskeletal or abdominal pain, sexual dysfunction) versus controls

(P=0.001). Among the cases initially diagnosed with TNM IV disease (18% of the cases),

the prevalence of such symptoms was greater in such cases than in cases initially diagnosed

with TNM II-III (P<0.05). The majority of cases were also more likely to ever use alcohol

(P=0.004). In contrast, lower percentages of cases had hypertension (P=0.04). Prevalence of

diabetes was similar in both groups (P=0.09). Regarding BMI at diagnosis, nearly 52% of

the subjects were overweight or obese (i.e., had a BMI≥25 kg/m2). A higher percentage of

cases were obese compared to controls (P=0.05).

Table 2 describes the tumor characteristics and treatment by case and control status. Cases

were more likely to have higher stage tumors (P<0.001), have a Gleason score of 8+, higher

tumor grade, more positive lymph nodes, and higher PSA levels at diagnosis (P<0.05 for all

variables) than controls. As expected, fatal cases were more likely to have higher grade

tumors (P<0.001). Regarding treatment, cases were more likely to undergo radiotherapy for

curative intent following prostatectomy (P<0.001), however, we found no difference by case

and control status regarding use of neoadjuvant hormone treatment (which was not widely
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used) nor receipt of additional curative treatment >6 months post diagnosis. When we

further compared tumor characteristics and treatment stratified by case-control status and

BMI, more overweight/obese cases had higher Gleason score (P=0.03), positive surgical

margins (P<0.0001), positive lymph nodes (P=0.02), and higher tumor grade of 3 (difference

not statistically significant) than overweight/obese controls (Table 3).

The results of overall and multivariable unconditional logistic regression (based on the

matched sets) are presented in Table 4 stratified by Gleason score. In addition to the

matching variables, we also adjusted for PSA at diagnosis, surgical margins, tumor grade,

lymph node status, and adjuvant radiotherapy. Overall, men who died from prostate cancer

were 1.5 times more likely to be obese at diagnosis when compared to men who did not die

from prostate cancer (adjusted OR: 1.55, 95% CI: 1.05, 2.28) (Table 4). For comparison,

adjusted OR for this analysis obtained via conditional logistic regression was 1.62, 95% CI:

1.08, 2.44). Gleason score modified the association between BMI at diagnosis and prostate

cancer mortality. After stratifying by Gleason score, the odds of mortality generally rose

with increasing BMI. The highest effect measure was observed in the Gleason Score 8+

category (AOR=2.45, 95% CI: 1.11–5.42). These associations persisted after adjusting for

PSA at diagnosis.

DISCUSSION

In this population based study, fatal prostate cancer was strongly associated with being

overweight or obese at diagnosis, and further, this association was stronger in men with

higher Gleason scores. Of note, the effect of BMI on prostate cancer mortality was

independent of treatment in addition to radical prostatectomy, PSA at diagnosis, surgical

margin status, lymph node status, and other clinical or patient factors we examined. Because

the majority of the fatal cases were initially diagnosed with early stage disease (82%, TNM

stage II–III), our results suggest that behavioral interventions to reduce weight might help

prolong survival.

Our results are concordant with previous studies which determined that BMI at or near

diagnosis were associated with increased prostate cancer deaths [11, 20–21]. Also, previous

studies suggest that BMI is associated with more aggressive disease [22,23]. Our results

support these findings in that the highest risk of prostate cancer mortality was seen among

obese men with aggressive disease (Gleason score >8). Moreover, the magnitude of the

effect of BMI on prostate cancer mortality (particularly in obese or overweight men with

Gleason scores 8+) is similar or greater than those reported of clinical trials that compared

mortality risks in patients who underwent surgery versus active surveillance [24].

Obesity may influence prostate cancer prognosis in various ways. Molecular studies have

delineated metabolic pathways related to insulin signaling and lipid deregulation that may

directly foster cancer development [25]. In addition, obesity increases the prostate cancer

recurrence [21,24,26], and may also negatively influence prostate cancer outcomes by

potentially delaying prostate cancer detection [27–28]. Also, it is plausible that obesity’s

influence on testosterone levels and growth factors may contribute to its effect on prostate

cancer aggressiveness and mortality. Obese men have lower testosterone levels, which may

Haque et al. Page 5

Obes Res Clin Pract. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



predispose them to more aggressive disease [29–30]. Also, growth factors such as insulin

growth factor-1 (IGF-1) and adipocytes are increased among obese men and are associated

with carcinogenesis [31–32]. Taken together, the combination of promoting aggressive

carcinogenesis, delaying detection, increasing risk of positive surgical margins (due to

difficulty of surgery), and increasing risk of recurrence may all contribute to an increased

risk of prostate cancer mortality among obese men. Additionally, higher BMI may be a

surrogate marker for other factors associated with poor prostate cancer outcomes, such as

lower physical activity or poor diet.

This study comprehensively evaluated the association between BMI and prostate cancer

mortality using electronic medical record data and a large number of verified prostate cancer

deaths. It utilized a diverse population of men who were long-term members of health

maintenance organizations and thus had equivalent access to health care. However, in

addition to these strengths, there are potential limitations that need to be considered. BMI

may not be the most accurate way to measure obesity; however, height and weight were

collected via medical record and not self-report, thus limiting the potential for recall bias.

We did not collect information on prostate volume, which could have been larger in obese

men. However, this factor is associated with stage and because we matched on stage, the

confounding effect of prostate volume is minimized. Although the study covered only

insured men, the memberships of these organizations broadly reflect the general population

in California and Oregon in terms of race/ethnicity and sociodemographic characteristics.

Because this study was conducted on men who underwent radical prostatectomy,

generalizing to other treatment groups (e.g., active surveillance, radiation) should be done

with caution. Although we did not adjust for cardiovascular disease, we did examine risk

factors of cardiovascular disease in the analysis. Further, although the number of incident

prostate cancer cases was high in this health plans (roughly 3,000 men were diagnosed with

the disease annually), the paucity of deaths due to the disease limited the number of eligible

cases for our study. Hence, larger studies with prostate cancer deaths are needed to confirm

our findings. Finally, because this was an observational study, inferences regarding causality

may be limited. However, we had uniform access to all data on nearly all eligible subjects.

In conclusion, results for this study suggest that obese men are more likely to die from

prostate cancer when compared to non-obese men and this association is strongest among

men with higher Gleason scores. Because the majority of the fatal cases were diagnosed at

early stage disease, future studies are needed to determine the optimal lifestyle

modifications, such as diet or physical activity that could prolong survival.
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Table 1

Characteristics of the Study Groups

Cases N=323 (N, %) Controls N=428 (N, %)

Health Plan

KPNW 37 (11%) 38 (9%)

KPNC 152 (47%) 190 (44%)

KPSC 134 (41%) 200 (47%)

P=0.27

Years in health plan before diagnosis

< 5 years 58 (18%) 24 (6%)

≥ 5 years 252 (78%) 351 (82%)

Missing 13 (4%) 53 (12%)

P <0.0001

Age at diagnosis, y

48–59 78 (24%) 98 (23%)

60–64 75 (23%) 108 (25%)

65–69 102 (32%) 142 (33%)

70–81 68 (21%) 79 (18%)

Missing 0 (0%) 1 (0.2%)

P=0.78

Race

Caucasian 277 (86%) 331 (77%)

Non-Caucasian 46 (14%) 97 (23%)

P=0.004

Year of diagnosis

1971–1984 26 (8%) 27 (6%)

1985–1989 87 (27%) 91 (21%)

1990–1994 163 (50%) 230 (54%)

1995–2001 47 (15%) 80 (19%)

P=0.14

Symptomatic at diagnosis

Yes 196 (61%) 211 (49%)

No 124 (38%) 215 (50%)

Missing 3 (1%) 1 (0.2%)

P=0.003

Prior BPH but not symptomatic at diagnosis

Yes 44 (14%) 69 (16%)

No 279 (86%) 359 (84%)

P=0.34

TNM Stage at diagnosis

2 98 (30%) 217 (51%)

3 168 (52%) 174 (41%)
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Cases N=323 (N, %) Controls N=428 (N, %)

4 57 (18%) 37 (9%)

P=<0.0001

Personal history of cancer

Yes 29 (9%) 70 (16%)

No 292 (90%) 358 (84%)

Missing 2 (1%) 0 (0%)

P=0.004

History of hypertension (co-morbidity)

Yes 156 (48%) 234 (55%)

No 167 (52%) 194 (45%)

P=0.08

History of diabetes (co-morbidity)

Yes 41 (13%) 75 (18%)

No 282 (87%) 353 (82%)

P=0.07

History of tobacco use

Ever 189 (59%) 228 (53%)

Never 125 (39%) 191 (45%)

Missing 9 (3%) 9 (2%)

P=0.25

History of alcohol use

Ever 209 (65%) 245 (57%)

Never 94 (29%) 162 (38%)

Missing 20 (6%) 21 (5%)

P=0.04

BMI (kg/m2)

Normal (18.5–24.9) 64 (20%) 109 (25%)

Overweight (25–29.9) 162 (50%) 226 (53%)

Obese (30+) 97 (30%) 93 (22%)

P=0.02
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Table 2

Tumor Characteristics & Cancer Treatment

Case (N, %) Control (N, %)

Gleason score

<7 19 (6%) 123 (29%)

7 157 (49%) 188 (44%)

8+ 126 (39%) 41 (10%)

Missing 21 (6%) 76 (17%)

P<0.0001

Tumor grade

1 4 (1%) 7 (2%)

2 37 (11%) 153 (36%)

3 282 (88%) 262 (61%)

Missing 0 (0%) 6 (1%)

P<0.0001

Positive Margins

Yes 146 (45%) 154 (36%)

No 149 (46%) 197 (46%)

Missing 28 (9%) 77 (18%)

P<0.0001

Lymph nodes

Yes 44 (14%) 29 (7%)

No 211 (65%) 272 (64%)

Missing 68 (21%) 127 (29%)

P<0.0001

PSA at diagnosis

0–6 59 (18%) 86 (20%)

7–10 50 (15%) 101 (24%)

11–18 57 (18%) 93 (22%)

19+ 77 (24%) 70 (16%)

Missing 80 (25%) 78 (18%)

P=0.002

Curative txt >6 months after diagnosis

Yes 222 (69%) 285 (67%)

No 101 (31%) 143 (33%)

P=0.73

Radiation txt for curative intent plus prostatectomy

Yes 99 (31%) 65 (15%)

No 224 (69%) 363 (85%)

P<0.0001

Neoadjuvant hormone treatment

Yes 18 (6%) 19 (4%)
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Case (N, %) Control (N, %)

No 305 (94%) 409 (96%)

P=0.48
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Table 4

Association between BMI & Prostate Cancer Mortality by Gleason Score

Cases
N (%)

Controls
N (%)

Crude OR (95% CI) Adjusted OR* (95% CI)

Gleason Score < 7

Healthy BMI (0–24.9) 6 ( 33.3) 31 ( 27.0) referent referent

Overweight/Obese (BMI>25) 12 ( 66.7) 84 ( 73.0) 0.74 ( 0.25, 2.14) 1.41 ( 0.43, 4.62)

Gleason Score = 7

Healthy BMI (0–24.9) 22 ( 15.2) 41 ( 23.6) referent referent

Overweight/Obese (BMI>25) 123 ( 84.8) 133 ( 76.4) 1.72 ( 0.97, 3.06) 1.49 ( 0.84, 2.64)

Gleason Score = 8+

Healthy BMI (0–24.9) 25 ( 21.7) 15 ( 40.5) referent referent

Overweight/Obese (BMI>25) 90 ( 78.3) 22 ( 59.5) 2.45 ( 1.11, 5.42) 2.06 ( 0.93, 4.59)

Overall

Healthy BMI (0–24.9) 53 ( 19.1) 87 ( 26.7) referent referent

Overweight/Obese (BMI>25) 225 ( 80.9) 239 ( 73.3) 1.87 ( 1.15, 3.05) 1.55 ( 1.05, 2.28)

*
Adjusted unconditional multivariate models accounted for the following matching factors (health plan site, race, age at diagnosis, year of

diagnosis, stage at diagnosis, duration of health plan membership) and other significant covariates (PSA at diagnosis, surgical margins status, and
lymph node status).
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