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INTRODUCTION

Prostate disease, including prostate cancer, has a high disease 
burden. For example, in 2012, approximately 1.1 million new 
prostate cancers were diagnosed [1]. As such, identification of 
inexpensive, noninvasive strategies to improve survival rates 
among those with prostate disease is warranted. On such 
strategy may be physical activity, as regular physical activity 
participation is inversely associated with prostate specific 
antigen levels [2], prostate cancer risk [3], prostate cancer 
progression [4], prostate cancer-specific mortality [5-7], and 
all-cause mortality [5-7].

Although these findings are encouraging, this area of research is 
limited as only three studies, to date, have evaluated the effects 
of physical activity on mortality among those with prostate 
cancer. As such, the purpose of this short communication was to 
evaluate the association between physical activity and mortality 
risk among those with and without prostate disease.

METHODS

Study Design

Data from the 2001 to 2006 National Health and Nutrition 
Examination Survey (NHANES) were used. These cycles were 
utilized as these are the available cycles with data on the study 
variables. Data from participants in these cycles were linked to 
death certificate data from the National Death Index. Person-
months of follow-up were calculated from the date of the 
interview until date of death or censoring on December 31, 
2011, whichever came first.

The NHANES is an ongoing survey conducted by the Centers 
for Disease Control and Prevention that uses a representative 
sample of noninstitutionalized the United States civilians 
selected by a complex, multistage, stratified, and clustered 
probability design. The multistage design consists of four 
stages, including the identification of counties, segments 
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Background: Prostate disease has a high disease burden. Emerging work demonstrates that physical 
activity may have survival benefits among those with prostate disease. However, only three studies to date 
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2001-2006 cycles were employed, including 5030 adult participants (20+ years). Participants were followed 
through to 2011. Physical activity and prostate disease status were self-reported. Results: 417 participants 
at baseline had a diagnosis of prostate disease, with 4613 not having this diagnosis. After adjustments, those 
with prostate disease at baseline who met physical activity guidelines did not have a reduced risk of all-cause 
(hazard ratio [HR] = 1.09; 95% Confidence Interval [CI]: 0.64-1.85) or cancer-specific mortality (HR = 1.35; 
95% CI: 0.41-4.48) when compared to those who did not meet physical activity guidelines. However, those 
who met physical activity guidelines but did not have prostate disease at baseline had a reduced risk of all-
cause (HR = 0.58; 95% CI: 0.44-0.75) and cancer-specific mortality (HR = 0.56; 95% CI: 0.31-1.01; P=0.05). 
Conclusions: Physical activity had survival benefits among those without prostate disease, but this effect was 
not observable among those with prostate disease. The present findings suggest the importance of clinician 
promotion of prostate disease control strategies and patient education considering that the beneficial effects 
of physical activity (regarding survival) appears to be attenuated by prostate disease status.
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(city blocks), random selection of households within the 
segments, and random selection of individuals within the 
households. Procedures were approved by the National Center 
for Health Statistics review board. Consent was obtained from 
all participants before data collection. Further information 
on NHANES methodology and data collection is available on 
the NHANES website (http://www.cdc.gov/nchs/nhanes.htm). 
Notably, NHANES data are publicly accessible data and the 
authors retrieved this data for secondary analyses.

Assessment of Prostate Disease

Participants who answered “yes” to the following question were 
considered to have prostate disease, “Have you ever been told 
by a doctor or health professional that you have any disease of 
the prostate?”

Physical Activity

As discussed elsewhere [8,9], participants were asked open-
ended questions about participation in leisure-time physical 
activity over the past 30 days. Data were coded into 48 activities, 
including 16 sports-related activities, 14 exercise-related 
activities, and 18 recreational-related activities.

For each of the 48 activities where participants reported 
moderate or vigorous-intensity for the respective activity, they 
were asked to report the number of times they engaged in that 
activity over the past 30 days and the average duration they 
engaged in that activity.

For each of activity, metabolic equivalent of task (MET)-min-
month was calculated by multiplying the number of days, by 
the mean duration, by the respective MET level (MET-min-
month = days*duration*MET level). The MET levels for 
each activity are provided elsewhere [10]. Participants were 
defined as being active if they engaged in at least 2000 MET-
min-month, which is consistent with government physical 
activity guidelines [11].

Based on previous research [2,12-15] demonstrating an 
association with physical activity, prostate disease and 
mortality, covariates included: Age (years), race-ethnicity 
(Mexican American, non-Hispanic white, non-Hispanic black, 
other), measured body mass index (kg/m2), total cholesterol 
(mg/dL), mean arterial pressure (mmHg; average of up to four 
measurements of systolic and diastolic blood pressure), and 
C-reactive protein (mg/dL).

Statistical Analyses

All statistical tests (significance set at P < 0.05) were performed 
using Stata (version 12.0), with all analyses accounting for the 
complex survey design employed in NHANES. Cox proportional 
hazards models were used to examine the association between 
physical activity and mortality. Schoenfeld’s residuals were 
used to verify the proportional hazards assumption. Models 
were evaluated for those with and without prostate disease at 
baseline. Further, models were evaluated for all-cause mortality 
and cancer-specific mortality as outcome variables.

RESULTS

In the 2001-2006 NHANES, 7341 adults (20+ years) male 
participants were enrolled. Among these, 9 were excluded 
because of missing mortality status data (Nresultant = 7332). 
Among these, 1207 were excluded because of missing data 
on physical activity, prostate disease or any of the covariates 
(Nresultant = 6125). To rule out potential reverse causality, 
participants (at baseline) who had congestive heart failure 
(N = 225), coronary artery disease (N = 266), heart attack 
(N = 126), stroke (N = 118) or cancer (N = 360) (including 
prostate cancer) were excluded from the analysis, which 
constituted an analytic sample of 5030. Characteristics of the 
analyzed sample of 5030 participants are shown in Table 1.

Table 2 displays the weighted multivariable Cox proportional 
hazard results. After adjustments, those with prostate disease 
at baseline who met physical activity guidelines did not have a 

Table 1: Weighted characteristics of the study variables, 2001-2006 NHANES (N=5030)
Characteristics Entire sample

(N=5030)
No prostate disease

(N=4613)
Prostate disease

(N=417)

All-cause deaths,N 401 319 82
Cancer-specific deaths,N 106 86 20
Follow-up period, months 93.3 (91.0-95.6) 93.5 (91.2-95.8) 89.5 (86.0-93.0)
Mean Age, years 42.3 (41.7-43.0) 41.2 (40.6-41.8) 58.5 (56.9-60.0)
Race-ethnicity, %

Mexican American 9.2 9.5 3.8
Other Hispanic 4.4 4.4 3.3
Non-Hispanic white 71.7 70.8 83.9
Non-Hispanic black 10.0 10.3 6.8
Other 4.7 4.9 2.3

Mean BMI, kg/m2 28.1 (27.8-28.3) 28.1 (27.8-28.3) 28.3 (27.6-28.9)
Mean Total cholesterol, mg/dL 200.5 (198.8-202.3) 200.6 (198.7-202.4) 200.5 (196.1-204.9)
Mean arterial pressure, mmHg 89.5 (89.0-90.1) 89.5 (89.0-90.0) 90.4 (89.0-91.6)
Mean CRP, mg/dL 0.32 (0.29-0.34) 0.32 (0.29-0.35) 0.30 (0.25-0.35)
Mean MVPA MET-min-month 5783.8 (5318-6249) 5826.3 (5338-6314) 5175.1 (4057-6293)
% >2000 MVPA MET-min-month 50.1 50.0 52.0

BMI: Body mass index, CRP: C-reactive protein, MVPA: Moderate-to-vigorous physical activity, MET: Metabolic equivalent of task
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reduced risk of all-cause (hazard ratio [HR] = 1.09; 95% conflict 
interest [CI]: 0.64-1.85) or cancer-specific mortality (HR = 1.35; 
95% CI: 0.41-4.48) when compared to those who did not meet 
physical activity guidelines. However, those who met physical 
activity guidelines but did not have prostate disease at baseline 
had a reduced risk of all-cause (HR = 0.58; 95% CI: 0.44-0.75) and 
cancer-specific mortality (HR = 0.56; 95% CI: 0.31-1.01; P = 0.05). 
Notably, results were unchanged when treating physical activity 
as a continuous variable and when considering unadjusted 
results (data not shown). Similarly, results were unchanged 
when those with the aforementioned chronic diseases were 
not excluded from the analyses (data not shown).

DISCUSSION

Although limited in investigation, emerging work suggests that 
physical activity may attenuate the progression of, and reduce 
the risk of, mortality among those with prostate disease [4-7]. 
Based on this under-investigated topic, the purpose of this 
brief study was to evaluate the association between physical 
activity and all-cause and cancer-specific mortality risk among 
those with and without prostate disease. The present findings 
suggest survival effects of physical activity among those without 
prostate disease. Such an effect, however, was not observed for 
those with prostate disease.

Despite the notable strengths of this study, which include the 
novel topic and national sample, the null findings for those 
with prostate disease should be interpreted within the context 
of the study’s limitations. Prostate disease was not based on 
objectively-measured clinical data; the duration and type of 
prostate disease was not identifiable; evaluation of prostate-
specific cancer mortality was not identifiable; physical activity 
was based on self-reported data; and like most observational 
studies, the exposure variable (physical activity) was only 
assessed at one time period (baseline). Although prostate-
specific mortality could not be assessed in men diagnosed with 
prostatic disease, we included reference in the introduction to 
the high disease burden of prostate disease, including prostate 
cancer. We also cited evidence identifying diagnosis of nearly 
1.1 million new prostate cancers [1]. Further, given the relatively 
young age of the population it is possible prostate cancer was 
the major malignant pathology diagnosed in this cohort. To this 
end, our results may be related to the three previously published 
studies cited. Rationale for the inclusion of cancer-specific 
mortality as an outcome variable of interest is supported by 

the likelihood that prostatic disease may have evolved into a 
neoplastic pathology over the data collection period. Therefore, 
the probability for some cancer-related deaths to result from 
prostate cancer diagnosis is high.

Further, the null findings for those with prostate disease may, 
also, be a result of the relatively few observed deaths among this 
group. It is plausible the beneficial effects of physical activity 
on survival were attenuated by prostatic disease diagnosis. 
The diagnosis of prostatic disease may have influenced levels 
of physical activity at baseline; thus, introducing increased 
likelihood for reverse causation that could not be fully addressed 
given the limitations of our access to this retrospective dataset. 
Future work overcoming these limitations is needed to help 
provide conclusive evidence of the association between physical 
activity and survival among those with prostate disease.

The present findings suggest the importance of clinician 
promotion of prostate disease control strategies considering that 
the beneficial effects of physical activity (regarding survival) 
appears to be attenuated by prostate disease status. Thus, if 
confirmed by future work, it is critical that prostate cancer 
patients be educated on strategies that can be adopted to 
reduced early mortality risk.
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