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Background.The association of obesity with the odds of diagnosed prostate cancer (DPC) is inconclusive.Whether grade 2 or grade
3 obesity is associated with increased odds of DPC has not been investigated. Design and Methods. Cross-sectional data of 7,974
subjects aged ≥40 years were collected from the National Health and Nutrition Examination Survey 2001–2010. Odds ratios (ORs)
of DPC associated with grade 2 or grade 3 obesity were estimated by conducting weighted logistic regression models.Results. The
unadjusted rates of DPC did not differ significantly over grades of BMI (𝑃 = 0.7044). After adjustment for different groups of
potential confounding factors, grade 2 or grade 3 obesity was not significantly associated with the odds of DPC with ORs changing
from 0.62 to 0.69 for grade 2 obesity and from 0.81 to 1.09 for grade 3 obesity. Moreover, morbid obesity (grade 2 and 3 obesity
combined) was not linked to the odds of DPC. Conclusion. Grade 2 or grade 3 obesity was not associated with the odds of DPC.
Whether they are associated with a substantially increased risk of high-grade DPC needs to be further investigated as accumulating
evidence has shown that obesity increases the risk of high-grade disease.

1. Introduction

Prostate cancer is the most commonly diagnosed non-skin
cancer and the second leading cause of cancer death in
American men [1, 2]. It is estimated that about one man
in 6 will get prostate cancer and one man in 36 will die
of this disease in the United States (US) [3]. Despite high
comorbidities associated with prostate cancer, most men
diagnosed with prostate cancer have survived from it. This
should benefit from more cases being diagnosed in the
early state due to the development of the prostate specific
antigen (PSA) testing. While we do not know exactly what
causes prostate cancer, we do know that certain risk factors
are linked to the disease. Identification of risk factors of
prostate cancer would be crucial for prevention and control
of the disease. The established risk factors for prostate cancer
include age, race/ethnicity, family history, and westernization
[4–6]. Other potential factors need to be further investigated.

The high prevalence of obesity is becoming a pandemic
problem in theUS.Medical costs associatedwith obesity were
estimated at $147 billion, and medical costs for obese people
were $1,429 higher than those of normal weight [7]. Obesity
may increase the risk of a number of health conditions
including hypertension, adverse lipid concentrations, heart
disease, stroke, type 2 diabetes, and certain types of cancer
[8]. Although weight loss reduces the risk and recurrence
of breast cancer particularly in postmenopausal women, evi-
dence for the association between obesity and prostate cancer
risk in men is still inconclusive. Some studies have reported
the inverse association of obesity with the risk of prostate
cancer [9–11], and some indicate no significant association
[12–14]. Other studies associate obesity with the increased
risk of prostate cancer, particularly high-grade cancer [11, 15].
Inconsistent findings from previous studies warrant further
research of the relation between obesity and prostate cancer
in a nationally representative sample. Moreover, although

Hindawi Publishing Corporation
ISRN Epidemiology
Volume 2014, Article ID 715939, 7 pages
http://dx.doi.org/10.1155/2014/715939



2 ISRN Epidemiology

many prospective and case-control studies have examined the
role of obesity in prostate cancer etiology, little information is
available on whether morbid obesity (grade 2 and 3 obesity)
is associatedwith prostate cancer, particularly inmiddle-aged
and elderly men at higher risk of prostate cancer.

In this study, we collected data on body weight, height,
and diagnosed prostate cancer from the National Health
and Examination Survey (NHANES) 2001–2010. The associ-
ations of grade 2 and 3 obesity with the odds of diagnosed
prostate cancer (DPC) were examined in men aged ≥40
years. We hypothesized that morbid obesity was associated
with increased odds of DPC in middle-aged and elderly
men. As the population is aging and prostate cancer is
more prevalent in men aged ≥40 years, a link between
morbid obesity and prostate cancer risk may have clinic
implications in understanding prostate cancer genesis and
screening strategies and reducing the mortality related to
prostate cancer in the high-risk population.

2. Methods

2.1. Study Design. The continuous NHANES program has
been conducted by the National Center for Health Statistics
and Centers for Disease Control and Prevention (CDC)
since 1999. It includes a continuous series of two-year
cross-sectional, nationally representative health examination
surveys. Each survey used a complex, stratified, multistage
probability cluster sampling design to obtain a nationally
representative sample of the US civilian noninstitutionalized
population [16].TheNHANES sampling procedure consisted
of 4 stages, including selections of primary sampling units
(single counties or groups of contiguous counties), segments
within selected counties (generally city blocks or their equiv-
alents), random sample of households within segments, and
random sample of individuals residing in selected households
[17]. Approximately 10,000 persons from 30 counties across
the countrywere examined in each cycle of survey.The survey
included two sections: interview and examination. Interview
was performed in the participants’ home to obtain informa-
tion regarding sociodemographic characteristics and history
of diseases. Examination was conducted in the mobile exam-
ination center to obtain examination and clinical/laboratory
measurements.

2.2. Study Participants. Since individuals selected in 1999–
2001 did not participate in the PSA testing for prostate
cancer screening, the participants in this cycle were not
considered in the present study. We included 5 cycles of
NHANES data from interviews and examinations collected
during 2001–2010. In NHANES 2001–2010, overall response
rates of participants for interview and examination were
83.4% and 78.6%, respectively. The combined survey sample
consisted of 8,457men aged ≥40 years, of whom all were both
interviewed and examined. After removing 483 participants
without information for prostate cancer screening, we had
7,974 (377 cases) middle-aged and elderly men included
in the study. All participants provided informed consent,
and the data received approval from the CDC Institutional

Review Board and Research Ethics Review Board to ensure
confidentiality.

2.3. Outcome Measure: Diagnosed Prostate Cancer. Diag-
nosed prostate cancer (DPC) was defined by a positive
response to any of these questions, “Have you ever been told
by a doctor or health professional that you have prostate
cancer?” “Have you had surgery for prostate cancer?” “Have
you ever had radiation treatments for prostate cancer?”
or “Have you ever been prescribed medicines for prostate
cancer?” A participant had DPC if she/he answered one of
the above questions by “Yes.” This definition of DPC did not
include patients with undiagnosed prostate cancer.

2.4. Primary Factors: Grade 2 and 3 Obesity. Weight and
height were measured in a mobile examination center using
standardized techniques and equipment. Body mass index
(BMI) was calculated as weight in kilograms divided by
height in meters squared, rounded to the nearest tenth. For
men aged 40 years or older, overweight was defined as a BMI
of 25.0 to 29.9 kg/m2 and obesity was defined as a BMI of
30.0 kg/m2 or higher. Obesity may be divided into grade 1,
grade 2, and grade 3. A man was determined to have grade 2
obesity if his BMI was from 35.0 to 39.9 kg/m2, and grade 3
obesity if his BMI was from 40.0 kg/m2 or higher [18].

2.5. Other Factors. Individuals were grouped by age at the
interview: middle-aged men (40–59 years) and elderly men
(60 years or older). Race and ethnicity were self-reported;
for the purposes of this study, race and ethnicity were clas-
sified as non-Hispanic white, non-Hispanic black, Hispanic
(including Mexican Americans and other Hispanics), and
other. The participant’s level of education was categorized
as receiving education of high school or less and college
or above, based on the number of years in school. Persons
were defined to be poor if the family’s poverty index ratio
(PIR) < 1.0; the PIR was the ratio of the family’s total income
to the family’s appropriate poverty threshold. Alcohol use
was categorized as “Yes” (current drinking) and “No” (not
drinking). History of smoking was obtained from household
interview for the studied men. Smokers were defined as
subjects who smoked ≥100 cigarettes in their lives. Current
smokers included smokers who reported current smoking;
former smokers included smokers who did not report current
smoking.

2.6. Statistical Analyses. Since NHANES included a series of
surveys using stratifiedmultistage clustered sampling design,
sampling weights were incorporated into data analyses to
generalize the results to the represented population in theUS.
Calculation of sampling weights took into account unequal
probabilities of selection resulting from the sample design,
nonresponse, and noncoverage. All analyses considered the
complex sampling design and differential sampling probabil-
ities.

The rates and 95% confidence intervals (CI) of obesity
and DPC by individual characteristics were estimated by
integrating sampling weights and complex sampling design.
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Table 1: Unadjusted rates and 95% CIs of overweight and grade 1–3 obesity by selected factors in men aged 40 years or older in NHANES
2001–2010.

Characteristics Overweight
(𝑛 = 3,281)

Grade 1
obesity (𝑛 = 1,729)

Grade 2
obesity (𝑛 = 599)

Grade 3
obesity (𝑛 = 275) 𝑃 value∗

Age
Middle-aged 43.1 (41.0, 45.2) 22.8 (21.2, 24.5) 8.4 (7.3, 9.5) 4.1 (3.4, 4.9) 0.038
Elderly 42.6 (40.8, 44.5) 22.8 (21.2, 24.4) 7.7 (6.6, 8.8) 2.9 (2.1, 3.6)

Race
Hispanic 48.3 (45.5, 51.2) 23.2 (21.0, 25.5) 7.7 (6.1, 9.3) 2.4 (1.6, 3.2)

<0.0001Non-Hispanic white 43.6 (41.7, 45.5) 23.1 (21.5, 24.7) 8.4 (7.3, 9.5) 3.7 (3.0, 4.3)
Non-Hispanic black 35.6 (33.2, 38.0) 22.1 (19.6, 24.6) 8.7 (7.1, 10.2) 5.4 (4.2, 6.5)
Other 34.4 (28.0, 40.9) 17.6 (11.3, 23.9) 4.4 (0.3, 8.5) 3.2 (0.4, 6.0)

Education
College or above 43.8 (41.5, 46.0) 22.8 (21.3, 24.4) 8.3 (7.0, 9.6) 3.3 (2.5, 4.1) 0.398
High school or below 41.8 (39.5, 44.1) 22.8 (21.0, 24.6) 8.0 (6.7, 9.3) 4.2 (3.4, 5.1)

Poverty
No 43.0 (41.4, 44.6) 23.3 (21.9, 24.7) 8.4 (7.4, 9.3) 3.8 (3.2, 4.4)

<0.0001
Yes 39.6 (35.8, 43.5) 19.0 (15.7, 22.2) 7.6 (5.3, 9.9) 2.6 (1.2, 4.0)

Alcohol use
No 37.9 (34.6, 41.3) 23.2 (20.2, 26.2) 8.8 (6.4, 11.2) 6.3 (4.5, 8.1) 0.0005
Yes 44.0 (42.3, 45.8) 22.9 (21.5, 24.2) 8.0 (7.0, 9.0) 3.3 (2.7, 3.9)

Smoking
Nonsmoking 44.2 (41.8, 46.6) 21.4 (19.2, 23.7) 9.2 (7.5, 10.9) 4.4 (3.5, 5.3)

<0.0001Previous smoking 45.8 (43.2, 48.3) 24.6 (22.6, 26.6) 8.4 (6.8, 10.0) 3.3 (2.4, 4.2)
Current smoking 38.0 (35.0, 41.0) 22.5 (19.9, 25.0) 6.8 (5.6, 8.1) 3.5 (2.4, 4.5)

Note: sampling weights were incorporated into data analyses.
∗
𝑃 value is for testing the significance of association of individual characteristics with grades of obesity.
NHANES: National Health and Examination Survey.

Standard errors were estimated with survey procedures using
Taylor series linearization. Rao-Scott chi-square statistics
were provided for testing the significance of associations
of individual factors with grades of obesity and DPC, and
a 𝑃 value of less than 0.05 was considered statistically
significant. To examine the associations of grade 2 and 3
obesity with the risk of DPC, unadjusted odds ratios (OR),
adjusted OR, and their 95% CIs were derived by conducting
weighted logistic regressionmodels, controlled for the groups
of confounding factors. Statistical analyses were performed
using SAS software version 9.2 (SAS Institute Inc, Cary, North
Carolina).

3. Results

Average age of selected men in this study was 56.08 ± 0.19
years; 65.52 ± 0.72% of men were middle-aged and 34.48 ±
0.72%were elderly. Hispanics accounted for 9.28 ± 0.95% and
non-Hispanic blacks accounted for 9.30 ± 0.66%.The rates of
grade 2 and 3 obesity were 8.16 ± 0.45% and 3.70 ± 0.27%,
respectively. The overall rate of DPC in the study sample was
3.05 ± 0.22%.

Age, race, poverty, alcohol use, and smoking were signif-
icantly associated with grades of BMI (all 𝑃 < 0.05, Table 1),

showing the confounding influence in the association of
grades of BMI with the odds of DPC. Elderly men, poor men,
and men with alcohol use and current smoking were more
likely to have lower grade to normal weight. Among men
grouped by selected factors, the overweight rate was highest
in each group from 34.4% (95% CI: 28.0–40.9%) in men
with other race to 48.3% (95% CI: 45.5–51.2%) in Hispanics.
Overall, the rates of grades of BMI decreased significantly
from overweight to grade 3 obesity except for the groups of
men with other race and men without drinking alcohol.

Table 2 lists the unadjusted rates and 95% CIs of DPC by
selected factors in middle-aged and elderly men in NHANES
2001–2010. From this table, we can see that age, race, poverty
status, alcohol use, and smoking status were significantly
associated with the unadjusted rates of DPC (all 𝑃 < 0.05).
Compared with middle-aged men, elderly men had higher
rate of DPC (7.96%, 95% CI: 6.91–9.01% versus 0.46%, 95%
CI: 0.15–0.78%). Non-Hispanic blacks had higher rate ofDPC
than Hispanics. The rates of DPC were lower in men who
are poor, drinking alcohol, and currently smoking than men
in the corresponding reference groups (1.57% versus 3.13%,
2.87% versus 4.20%, and 1.18% versus 2.79%, resp.).

The unadjusted rates of DPC over grades of BMI are pre-
sented in Figure 1. Men with grade 2 and 3 obesity appeared
to have lower rates of DPC, but the overall difference in rates
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Table 2: Unadjusted rates and 95%CIs of diagnosed prostate cancer
by selected factors in men aged 40 years or older in NHANES 2001–
2010.

Characteristics Diagnosed prostate
cancer (%) 𝑃 value∗

Age
Middle-aged 0.46 (0.15, 0.78)

<0.0001
Elderly 7.96 (6.91, 9.01)

Race
Hispanic 1.37 (0.78, 1.97)

0.0001Non-Hispanic white 3.22 (2.69, 3.75)
Non-Hispanic black 3.85 (3.10, 4.61)
Other 1.78 (0.53, 3.04)

Education
College or above 2.97 (2.26, 3.69) 0.7313
High school or below 3.12 (2.68, 3.57)

Poverty
No 3.13 (2.64, 3.62) 0.0003
Yes 1.57 (0.97, 2.18)

Alcohol use
No 4.20 (2.95, 5.45) 0.0306
Yes 2.87 (2.38, 3.37)

Smoking
Nonsmoking 2.79 (2.19, 3.39)

<0.0001Previous smoking 4.97 (4.09, 5.86)
Current smoking 1.18 (0.65, 1.71)

Note: sampling weights were incorporated into data analyses.
∗
𝑃 value is for testing the significance of association of individual character-
istics with the risk of prostate cancer.
NHANES: National Health and Nutrition Examination Survey.
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Figure 1: Rates of diagnosed prostate cancer over grades of body
mass index.

of DPC did not attain the significance level compared with
men with normal weight (𝑃 = 0.7044).

Odds ratios and 95% CIs of DPC for grade 2 and grade 3
obesity calculated from weighted logistic regression models
are shown in Table 3. This table shows that grade 2 and
3 obesity were not significantly associated with the odds
of DPC after adjustment for different groups of potential

confounding factors (Model I–Model V). Furthermore, there
were no associations between morbid obesity (grade 2 and
3 obesity combined) or general obesity (grade 1–3 obesity
combined) and the odds of DPC. In the complete model
(Model V), non-Hispanic black men were more likely and
Hispanic men were less likely to have DPC than non-
Hispanic white men. Poverty status and alcohol use were not
associated with the odds of DPC, but current smoking was
still associated with lower odds of DPC after adjustment for
other factors in the model (results not shown).

4. Discussion

In the present study, we examined the association among
grade 2 obesity, grade 3 obesity, and the odds of DPC in men
aged 40 years or older using the data from NHANES 2001–
2010. The results showed that whether or not we adjusted for
the confounding influence from age, gender, race/ethnicity,
alcohol use, or smoking status, neither grade 2 nor grade 3
obesity was significantly associated with the odds of DPC in
the middle-aged and elderly men.This indicated that morbid
obesity (BMI ≥ 35 kg/m2) did not appear to be linked to
DPC. We combined different grades of obesity into general
obesity (BMI ≥ 30 kg/m2) and then examined the association
between general obesity and DPC. Like morbid obesity,
general obesity was not found to be associated with the odds
of DPC in this study.

Many studies have shown that obesity is not associated
with the prostate cancer risk [12–14]. Whether grade 2 and
grade 3 obesity were associated with the odds of prostate
cancer has not been investigated. As far as we know, our
study is the first study that has investigated the associations
of grade 2 and 3 obesity with the odds of DPC in middle-
aged and elderly men. We anticipated that grades of obesity
might differentially affect the odds of prostate cancer, and
grade 2 and 3 obesity had significant associationwith the odds
of total DPC. However, in the present study, we did not find
that grade 2 and grade 3 obesity were associatedwith the odds
of total DPC. NHANES does not provide information on the
grades or stages of prostate cancer. A study with the disease
grade or stage information is needed to further investigate
whether grade 2 and grade 3 obesity are associated with
the grades/stages of DPC. It is likely that morbid obesity is
associated with the increased risk of high-graded disease and
the reduced risk of low-grade disease while it is not related to
the risk of the disease.

The result of no association between obesity and DPC in
this study is consistent with the findings from several previ-
ous studies [12–14], and nonsignificant association between
morbid obesity and DPC (grade 2 and 3 obesity) further
supports the previous findings in the sense that not only
general obesity but also grade 2 and grade 3 obesity were not
associatedwith the odds of DPC. Although some studies have
reported associations of obesity with a lower risk of total can-
cer [19] or a higher risk of high-grade cancer [20], our study,
along with other studies, has found no association between
obesity/morbid obesity and total prostate cancer [12–14].
Conclusive evidence has shown that obesity is associated
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Table 3: Adjusted odds ratios and 95% CIs of diagnosed prostate cancer associated with grades of obesity in men aged 40 years or older in
NHANES 2001–2010.

Levels of obesity Odds ratios and 95% CIs
Model I Model II Model III Model IV Model V

Overweight
(25 ≤ BMI < 30 kg/m2) 0.99 (0.69, 1.42) 1.05 (0.74, 1.50) 1.05 (0.74, 1.50) 1.04 (0.72, 1.52) 0.98 (0.66, 1.44)

Grade 1 obesity
(30 ≤ BMI < 35 kg/m2) 0.95 (0.66, 1.37) 1.00 (0.70, 1.42) 1.00 (0.70, 1.43) 0.93 (0.64, 1.36) 0.89 (0.60, 1.32)

Grade 2 obesity
(35 ≤ BMI < 40 kg/m2) 0.62 (0.36, 1.07) 0.67 (0.38, 1.17) 0.67 (0.38, 1.18) 0.69 (0.39, 1.24) 0.63 (0.35, 1.14)

Grade 3 obesity
(BMI ≥ 40 kg/m2) 0.81 (0.28, 2.30) 1.03 (0.35, 3.03) 1.04 (0.36, 3.05) 1.09 (0.37, 3.20) 1.08 (0.36, 3.18)

Morbid obesity
(BMI ≥ 35 kg/m2) 0.68 (0.39, 1.17) 0.77 (0.44, 1.34) 0.77 (0.44, 1.35) 0.80 (0.45, 1.41) 0.75 (0.42, 1.33)

General obesity
(BMI ≥ 30 kg/m2) 0.86 (0.62, 1.18) 0.92 (0.67, 1.27) 0.93 (0.67, 1.28) 0.89 (0.63, 1.25) 0.84 (0.60, 1.19)

Note: reference category in the first column is normal weight (BMI < 25 kg/m2).
Model I: unadjusted model including the primary factor (obesity status) only; Model II: Model I plus age and race; Model III: Model II plus education; Model
IV: Model III plus poverty status; Model V: Model IV plus alcohol use and smoking use; NHANES: National Health and Nutrition Examination Survey; CI:
confidence interval; BMI: body mass index.

with an increased risk of prostate cancer mortality [21, 22].
One potential explanation for these conflicting results is that
obesitymay differentially affect the development of aggressive
and nonaggressive prostate cancers [23]. Of the studies that
stratified by grade, there is growing evidence that obesitymay
increase the risk of high-grade disease and decrease the risk of
low-grade disease [11, 20]. The study of obesity that does not
stratify by cancer grade may detect little or no association of
obesity with this cancer’s risk. Nevertheless, the differences in
study populations, definitions of obesity, and classifications of
aggressive disease may make summary interpretation of this
literature difficult.

One of several mechanisms that could explain the asso-
ciations of obesity/morbid obesity with prostate cancer risk
is through steroid hormones. In men, obesity is associated
with various endocrine aberrations and grade 2 and grade 3
obesity are associated with more severe aberration, including
substantially higher serum estrogen [24] and substantially
lower levels of testosterone and sex hormone-binding glob-
ulin [25]. In contrast to the accepted dogma that high
testosterone levels increase the risk, more recent studies of
steroid hormones and prostate cancer risk have shown that
high levels of testosterone are associated with reduced risk of
high-grade and increased risk of low-grade disease [26], and
high levels of estradiol are associated with decreased risk of
“nonaggressive” cancer but not aggressive cancer [27]. Thus,
obesity-related changes in the overall pattern of sex hormone
concentrations may support the biological plausibility of our
finding that grade 2 or grade 3 obesity was not associatedwith
the odds of the total DPC with high grade and low grade of
cancer combined.

Current smoking has been inversely associated with the
odds of DPC in our study, which conflicts with the reports
from the previous studies [28, 29]. The possible explanation
is that NHANES is a program with a cross-sectional design.
Themen who were smoking when being diagnosed as having

prostate cancer might realize the risk of smoking related
to prostate cancer and quit smoking after that. Hence the
inverse association between smoking and the risk of prostate
cancer in this study may not reflect the association of current
smoking with DPC but the association of DPC with current
smoking status. While it has never been directly shown that
smoking causes prostate cancer, previous studies have shown
that smoking is associatedwith higher rates of prostate cancer
[28]. In addition, studies have shown that men who smoke
have a greater risk of dying of their prostate cancer [29].

Continuous NHANES survey was a large stratified, mul-
tistage national survey of noninstitutionalized participants
with complex probability design. By considering the sampling
weights, our results could be directly generalized to the
general population of middle-aged and elderly men in the
United States. There were several limitations in this study.
First, NHANES was a cross-sectional survey without any
follow-up information of participants. While the findings in
the study could reflect the association of grade 2 or grade
3 obesity with the odds of DPC, they could not be used
for causal effects of grade 2 and 3 obesity on the risk of
DPC in the population of men with follow-ups in the cohort
design. Second, there might be unrecognized measurements
confounding the association between grade 2 and 3 obesity
and prostate cancer odds although we had adjusted for the
potential confounding influence of age, gender, education,
alcohol use, and smoking status. Finally, there was no detailed
grade/stage information for prostate cancer in the NHANES
survey. This prevented us from examining the association
between grade 2 and 3 obesity and the odds of high-grade
and low-grade prostate cancer.

In conclusion, there were no significant associations
between grade 2 or grade 3 obesity and the odds of DPC
in this study. Compared with men with normal weight,
obese or morbidly obese men with similar odds of prostate
cancer might not increase the sensitivity of disease screening,
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leading to delayed diagnosis of aggressive types of disease
as accumulative evidence has shown that obese men are
associated with an increased risk of high-grade and thus
clinically significant prostate cancer [11, 20]. As the preva-
lence of obesity in the US is high and the rates of obesity
around the world are increasing, the population-attributable
risk for high-grade prostate cancer due to obesity will be
substantial. Reduced risk of prostate cancer should be added
to the list of benefits of weight control, and this message may
motivatemen, especiallymenwith a family history of prostate
cancer, to better follow recommendations for healthful diets
and increased physical activity. In addition, the significant
association between obesity and risk of high-grade prostate
cancermay indicate that grade 2 or grade 3 obesity is linked to
substantially higher risk of high-grade disease. Whether they
are actually associated with high-grade or low-grade prostate
cancer will need to be further investigated.
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