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ABSTRACT

Obesity is associated with an increased risk of several cancers, but inconsistent 
results have been observed between body mass index (BMI) and prostate cancer 
(PCa) risk. However, some associations have been reported with other indicators such 
as waist circumference (WC) and waist-hip ratio (WHR). We investigated the role of 
anthropometric indicators in PCa risk based on data from the Epidemiological study 
of Prostate Cancer (EPICAP). 

EPICAP is a population-based case-control study that included 819 incident PCa 
in 2012–2013 and 879 controls frequency matched by age. Anthropometric indicators 
(weight, height, WC, and hip circumference) have been measured at interview. Logistic 
regression models were used to assess odds ratios (ORs) for the associations between 
anthropometric indicators (BMI, WC and WHR) and PCa risk. 

We observed a slight, but not significant increased risk of PCa for men with a 
WC > 94 cm (OR 1.20, 95% CI 0.92–1.56) and for men with a WHR ≥ 0.95 (OR 1.30, 
95% CI 1.00–1.70 between 0.95 and 1.00, OR 1.25, 95% CI 0.96–1.61 above 1.00). 
Associations were more pronounced after adjustment and stratification for BMI and 
in men with aggressive PCa.

Our results suggest that abdominal obesity may be associated with an increased 
risk of PCa, especially aggressive PCa.
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INTRODUCTION

Prostate cancer (PCa) is the most common male 
cancer in western countries with more than one million 
men diagnosed with prostate cancer in 2012 worldwide 
[1]. In France, more than 50,000 prostate cancer cases 
were diagnosed in 2011, with almost 9,000 deaths which 
represents the third cause of cancer-related mortality 
[2, 3]. Except age, ethnic origin, and family history of 
prostate cancer that are well-established non modifiable 
risk factors, the etiology of prostate cancer remains largely 
unknown.

Obesity has been associated with an increased risk 
of several cancers, including breast in post-menopausal 
women, endometrium, kidney, colon, and pancreas [4, 5]. 
However, the link between obesity and prostate cancer is 
still under debate, with inconsistent results across studies 
and according to the indicators used to characterize 
obesity. An extensive literature, almost 80 studies, has 
focused on body mass index (BMI), and null or weak 
results have been reported, as showed in several meta-
analyses [5–9]. Nevertheless, out of the five meta-analyses 
published on BMI and prostate cancer, only two, which 
represents less than 25 studies overall [7, 8], were able to 
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distinguish the aggressiveness of prostate cancer showing 
positive associations between BMI and aggressive 
prostate cancer. The lack of epidemiological evidence 
between BMI and prostate cancer is questionable, while 
some positive associations have been reported with other 
anthropometric indicators, such as waist circumference 
(WC) or waist-hip ratio (WHR) [10–19]. Therefore, it 
has been hypothesized that BMI itself is not the adequate 
indicator to capture obesity as it is influenced by both 
adipose and non-adipose tissue and does not take into 
account adipose distribution (i.e. abdominal or peripheral 
adiposity). It is more likely that abdominal obesity 
indicators (i.e. WC and WHR) independently, or combined 
with BMI, would better capture the concept of body fat 
distribution [10].

Several biological mechanisms have been proposed 
to understand how obesity may be related to prostate 
cancer. First, obesity may be correlated with a low 
physical activity level, suspected to increase the risk of 
prostate cancer [20]. Second, obese men have higher levels 
of insulin and insulin-like growth factor [21, 22], thought 
to promote carcinogenesis and inhibit apoptosis [23–25]. 
Finally, experimental and epidemiological studies also 
suggested that chronic inflammation may be associated 
either with initiation or progression of several cancers, 
including prostate cancer [26–31]. Indeed it has been 
suggested that obesity confers a low-grade inflammation 
status that may contribute to cancer development.

In that context, we aimed to identify modifiable 
risk factors exploring associations between several 
anthropometric indicators and prostate cancer, using 
data from the Epidemiological study of Prostate Cancer 
(EPICAP). 

RESULTS

The characteristics of prostate cancer cases and 
controls are presented in Table 1. Among prostate cancer 
cases, 77.3% were categorized as low or intermediate 
aggressive cancer and 22.7% as aggressive cancer. Age 
in 5-year groups was similarly distributed between cases 
and controls (p = 0.14). The EPICAP study population 
was mainly Caucasian (≥ 97%, p = 0.41), and as expected, 
family history of prostate cancer in first-degree relatives 
was more frequent in cases than in controls (24.8% 
and 9.6%, respectively) (p < 0.0001). Considering 
sociodemographic and lifestyle characteristics, cases 
and controls were similar in terms of educational level, 
smoking status and alcohol consumption (p = 0.27, 
p = 0.21, p = 0.22 respectively). Personal history of 
cardiovascular diseases (myocardial infarction, angina 
pectoris, stroke) was similarly distributed between cases 
and controls (p = 0.64). 

Associations between anthropometric indicators 
(height, BMI, WC and WHR) and prostate cancer risk, 

overall and according to PCa aggressiveness, are shown in 
Table 2. A height between 172 and 177 cm was associated 
with an increase of prostate cancer risk compared to a 
height between 168 and 172 cm (OR 1.38, 95% CI 1.04–
1.82), without any trend in the risk (p = 0.58). We did 
not found any significant association with BMI, either 
for overall PCa or for aggressive PCa. We observed a 
slight, but not significant increased risk of PCa for men 
with a WC above 94 cm (OR 1.20, 95% CI 0.92–1.56) 
and for men with a WHR greater or equal to 0.95 (OR 
1.30, 95% CI 1.00–1.70 for WHR between 0.95 and 
1.00, OR 1.25, 95% CI 0.96–1.61 for WHR above 1.00). 
Associations between WC and PCa were more pronounced 
for aggressive PCa (OR 1.72, 95% CI 1.07–2.77 for WC 
between 94 and 102 cm, OR 1.80, 95% CI 1.13–2.88 for 
WC greater to 102 cm). Associations between WHR and 
PCa were also more pronounced for aggressive PCa (OR 
1.56, 95% CI 1.01–2.42 for WHR above 1.00), while a 
modest but not significant increase of aggressive PCa risk 
was observed for WHR between 0.95 and 0.99 (OR 1.33, 
95% CI 0.84–2.10). 

Previous analyses were also adjusted for BMI in 
addition to age, family history of cancer and ethnicity 
(Table 3). Associations were more pronounced after 
adjustment for BMI (OR 1.43, 95% CI 1.07–1.91 for WC 
between 94 and 102 cm, OR 1.38, 95% CI 1.05–1.81 for 
WHR between 0.95 and 1.00). Associations regarding 
abdominal obesity indicators, adjusted for BMI, were also 
more pronounced in men with aggressive prostate cancer, 
either for WC > 94 cm (OR 2.20, 95% CI 1.32–3.69 for 
WC between 94 and 102 cm, OR 3.27, 95% CI 1.70–6.30 
for WC greater to 102 cm) or WHR ≥ 0.95 (OR 1.40, 95% 
CI 0.87–2.23 for WHR between 0.95 and 1.00, OR 1.77, 
95% CI 1.09–2.87 for WHR above 1.00).

Associations between anthropometric indicators 
and prostate cancer risk, stratified on BMI (cut-point of 25 
kg/m²) are presented in Table 4. A higher risk of overall 
PCa was observed for men with a BMI under 25 kg/m² 
compared to men having a BMI over 25 kg/m², either for 
WC > 94 cm (OR 1.60, 95% CI 1.03–2.48 vs OR 1.13, 
95% CI 0.76–1.67) or WHR ≥ 0.95 (OR 1.75, 95% CI 
1.17–2.60 vs OR 1.10, 95% CI 0.81–1.49). A higher risk 
of low/intermediate PCa was also observed for normal 
weight men compared to overweight/obese men, either 
for WC > 94 cm (OR 1.49, 95% CI 0.92–2.40 vs OR 0.94, 
95% CI 0.62–1.41) or WHR ≥ 0.95 (OR 1.78, 95% CI 
1.15–2.75 vs OR 1.02, 95% CI 0.74–1.42). Associations 
were more pronounced for aggressive PCa in comparison 
to overall PCa (OR 2.03, 95% CI 1.02–4.03 vs 1.60, 95% 
CI 1.03–2.48 for men with BMI < 25 kg/m² and WC > 94; 
OR 3.50, 95% CI 1.25–9.83 vs 1.13, 95% CI 0.76–1.67 for 
men with BMI ≥ 25 kg/m² and WC > 94). Nevertheless, 
interactions were not significant for WC (p = 0.23) and 
close to significance for WHR (p = 0.07).

Sensitivity analyses limited to Caucasians revealed 
similar results (data not shown).
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Table 1: EPICAP study population characteristics
Cases

n = 819 (%)
Controls

n = 879 (%) p-value1

Gleason score
<7 341 (42.3) -
7 (only 3+4) 282 (35.0) -
≥7 (including 4+3) 183 (22.7) -

Age (years) 0.14
<55 48 (5.8) 59 (6.7)
55–59 99 (12.1) 99 (11.3)
60–64 217 (26.5) 201 (22.9)
65–69 274 (33.5) 285 (32.4)
≥70 181 (22.1) 235 (26.7)

Ethnic origin 0.41
Caucasian 795 (97.0) 859 (98.0)
Others 24 (3.0) 20 (2.0)

Family history of prostate cancer in first-degree relatives <0.0001
 No 549 (75.2) 723 (90.4)
 Yes 181 (24.8) 77 (9.6)

Educational level 0.27
Less than high school 446 (54.5) 508 (57.9)
High school graduate 113 (13.8) 110 (12.5)
College graduate 260 (31.7) 260 (29.6)

Smoking status 0.21
Never smoker 240 (29.3) 246 (28.0)
Former smoker 455 (55.7) 476 (54.1)
Current smoker 123 (15.0) 157 (17.9)

Alcohol drinking2 0.22
Never 72 (8.8) 84 (9.6)
Low drinkers 565 (69.0) 573 (65.2)
Heavy drinkers 182 (22.2) 222 (25.3)

Physical activity 0.03
Less than one hour/week during at least one year 191 (23.4) 177 (20.1)
Less than 3 hours a week during less than 19 years 108 (13.2) 126 (14.3)
More than 3 hours a week during less than 19 years 131 (16.0) 140 (15.9)
Less than 3 hours a week during more than 19 years 180 (22.0) 243 (27.7)
More than 3 hours a week during more than 19 years 208 (25.4) 193 (22.0)

Personal history of cardiovascular disease3 0.64
No 734 (89.9) 776 (89.0)
Yes 82 (10.1) 96 (11.0)

Diabetes history 0.63
No 710 (86.8) 750 (85.7)
Yes 108 (13.2) 125 (14.3)
Treated  96 (89.7) 115 (92.0)

1Adjusted for age (excepted for age).
2Never: Less than once a month during one year; Low drinkers: at least once a month during one year and zero or one 
positive answer to the CAGE questionnaire; Heavy drinkers: at least once a month during one year and two or more 
positive answer to the CAGE questionnaire.
3Myocardial infarction, angina pectoris, stroke.
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DISCUSSION

Our study showed a positive association between 
anthropometric indicators assessing abdominal obesity 
and risk of PCa in a large population-based study. While 
a modest but not significant association was observed for 
WC or WHR and PCa before adjustment for BMI, excess 
risk of PCa was observed after adjustment for BMI, with 
a dose-response trend between these anthropometric 
indicators and PCa risk. Moreover, we observed that 
associations were more pronounced for aggressive PCa. 
However, we did not observe any association with BMI 
or height and PCa. 

Our results are in line with few studies that 
considered abdominal obesity indicators (WC and WHR) 
exclusively [32] and both abdominal and global obesity 
indicators (BMI) [10, 33–35]. Studies that have examined 
abdominal obesity indicators taking simultaneously into 
account BMI also observed a significant increase of 
PCa risk overall with abdominal obesity (WC and WHR 
indicators) among individuals with a BMI under 25 kg/m² 
[10, 16, 36]. Based on the literature, we hypothesized that 
WC adjusted for BMI may be a better predictor of intra-
abdominal fat mass than WC alone [37, 38]. Although 
accurate quantification of body fat compartments requires 
imaging techniques such as magnetic resonance imaging 

Table 2: Associations between height, body mass index, waist circumference, waist on hip ratio and prostate cancer 
risk

Controls Cases

All Low and intermediate1 Aggressive2

n = 879 (%) n = 819 (%) OR (95% CI)3 n = 623 (%) OR (95% CI)3 n = 183 (%) OR (95% CI)3

Height (cm), measured at 
interview

    <168 160 (18.8) 156 (19.2) 1.18 [0.86–1.62] 119 (19.3) 1.32 [0.93–1.87] 33 (18.0) 0.80 [0.47–1.36]

    168–171 227 (26.6) 191 (23.5) 1.00 reference 141 (22.9) 1.00 reference 48 (26.2) 1.00 reference

    172–176 241 (28.2) 256 (31.5) 1.38 [1.04–1.82] 196 (31.8) 1.49 [1.10–2.02] 57 (31.2) 1.11 [0.71–1.73]

    ≥177 225 (26.4) 209 (25.8) 1.14 [0.85–1.53] 160 (26.0) 1.22 [0.89–1.68] 45 (24.6) 0.92 [0.57–1.48]

P trend = 0.58 P trend = 0.64 P trend = 0.61

Body Mass Index (kg/m2), 
self-reported (2 years prior 
diagnosis)

    <25 316 (36.6) 297 (36.7) 1.00 reference 229 (37.3) 1.00 reference 60 (33.3) 1.00 reference

    25–29 395 (45.8) 377 (46.7) 0.98 [0.78–1.23] 288 (46.8) 0.95 [0.74–1.21] 85 (47.2) 1.17 [0.80–1.73]

    ≥30 152 (17.6) 134 (16.6) 0.91 [0.67–1.23] 98 (15.9) 0.86 [0.62–1.20] 35 (19.5) 1.19 [0.73–1.96]

P trend = 0.56 P trend = 0.38 P trend = 0.43

Body Mass Index (kg/m2), 
measured at interview

    <25 248 (29.1) 231 (28.5) 1.00 reference 172 (27.9) 1.00 reference 53 (29.0) 1.00 reference

    25–29 397 (46.6) 399 (49.1) 1.07 [0.84–1.37] 312 (50.7) 1.11 [0.85–1.45] 82 (44.8) 1.02 [0.68–1.54]

    ≥30 207 (24.3) 182 (22.4) 0.88 [0.66–1.18] 132 (21.4) 0.88 [0.64–1.21] 48 (26.2) 0.97 [0.60–1.56]

P trend = 0.45 P trend = 0.48 P trend = 0.91

Waist circumference (cm),  
measured at interview

    ≤94 254 (29.7) 209 (25.9) 1.00  reference 168 (27.4) 1.00  reference 35 (19.3) 1.00  reference

    95–102 284 (33.1) 290 (35.9) 1.20 [0.92–1.56] 220 (35.8) 1.11 [0.83–1.47] 65 (35.9) 1.72 [1.07–2.77]

    >102 319 (37.2) 309 (38.2) 1.20 [0.92–1.56] 226 (36.8) 1.10 [0.83–1.46] 81 (44.8) 1.80 [1.13–2.88]

P trend = 0.20 P trend = 0.51 P trend = 0.02

Waist-Hip Ratio (WHR)

    <0.95 265 (31.0) 214 (26.5) 1.00 reference 166 (27.1) 1.00  reference 43 (23.8) 1.00  reference

    0.95–0.99 272 (31.8) 281 (34.9) 1.30 [1.00–1.70] 218 (35.6) 1.30 [0.98–1.73] 58 (32.0) 1.33 [0.84–2.10]

    ≥1.00 318 (37.2) 311 (38.6) 1.25 [0.96–1.61] 229 (37.3) 1.18 [0.89–1.56] 80 (44.2) 1.56 [1.01–2.42]

P trend = 0.12 P trend = 0.29 P trend = 0.04
1Gleason ≤ 7 (3+4)
2Gleason ≥ 7 (4+3) 

3ORs adjusted for age, family history of cancer at first degree, ethnicity.
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(MRI) and computed tomography (CT) [39, 40], these 
techniques are not feasible in large-scale studies due to 
their expensive cost and complexity. However, WC and 
WHR are good surrogate markers to assess regional 
adiposity as they well correlate with laboratory-based 
measures of adiposity using MRI or CT [41–47].

Taking into account several anthropometric 
indicators conjointly may also better predict prostate 
cancer risk [10]. Associations with abdominal obesity 
indicators were more pronounced in aggressive PCa, 
which is in accordance with the literature [10–12, 16, 18, 
32, 33, 48]. 

Several mechanisms may underlie the association 
between obesity and PCa through metabolic, hormonal 
and inflammatory pathways. In particular, it is known that 
obese men tend to have lower levels of androgens and 
adiponectin as well as higher levels of insulin and insulin-
like growth factor (IGF-I) [21, 22]. Evidence suggest 
that high insulin and high circulating IGF-I levels are 
associated with an increased risk of PCa [23–25]. Obesity 
is also associated with a lower concentration of free 
testosterone [49, 50], resulting in the growth of aggressive 
prostate tumors [51]. In addition, obesity is associated with 
a low-grade chronic inflammatory state and inflammation 
may be involved in PCa occurrence [29, 52]. 

Our results are based on a large population-
based case-control study specifically designed to assess 
environmental and genetic factors in prostate cancer 
occurrence. Cases were identified in all cancer hospitals, 
either public or private, that recruited prostate cancer 
patients in the département of Hérault. In 2011, the Hérault 
Cancer Registry observed 770 new cases of prostate 
cancer in men aged less than 75 years old. Considering 
that the number of cases observed in 2011 was similar 
during the study period, approximately 1150 new cases 
were expected during 2012–2013 [53]. We identified 
1098 eligible cases over the study period suggesting 
that the recruitment of cases in the EPICAP study was 
quite exhaustive, thus limiting a potential selection 
bias. Controls were randomly selected from the general 
population of the département of Hérault using quotas 
defined for age (5 years) and SES. The age distribution 
of the controls reflects the age distribution of the cases. In 
order to avoid selection bias, the SES distribution of the 
control group reflects the SES distribution of the entire 
département of Hérault to yield the control group similar 
to the general population of men of the same age in terms 
of SES. After the selection process, the distribution by SES 
between our control group and the male general population 
of the département of Hérault has been compared and no 

Table 3: Associations between height, waist circumference, waist on hip ratio and prostate cancer risk, adjusted for 
body mass index

Controls Cases

n = 879 (%)

All Low and intermediate1 Aggressive2

n = 819 (%) OR (95% CI)3 n = 623 (%) OR (95% CI)3 n = 183 (%) OR (95% CI)3

Height (cm), measured at 
interview

    <168 160 (18.8) 156 (19.2) 1.19 [0.86–1.63] 119 (19.3) 1.33 [0.94–1.88] 33 (18.0) 0.80 [0.47–1.36]

    168–171 227 (26.6) 191 (23.5) 1.00 reference 141 (22.9) 1.00 reference 48 (26.2) 1.00 reference

    172–176 241 (28.2) 256 (31.5) 1.38 [1.04–1.82] 196 (31.8) 1.49 [1.10–2.02] 57 (31.2) 1.11 [0.71–1.73]

    ≥177 225 (26.4) 209 (25.8) 1.14 [0.85–1.53] 160 (26.0) 1.22 [0.89–1.68] 45 (24.6) 0.92 [0.57–1.48]

P trend = 0.58 P trend = 0.65 P trend = 0.61

Waist circumference (cm),  
measured at interview

    ≤94 254 (29.7) 209 (25.9) 1.00 reference 168 (27.4) 1.00  reference 35 (19.3) 1.00  reference

    95–102 284 (33.1) 290 (35.9) 1.43 [1.07–1.91] 220 (35.8) 1.30 [0.95–1.77] 65 (35.9) 2.20 [1.32–3.69]

    >102 319 (37.2) 309 (38.2) 1.86 [1.26–2.72] 226 (36.8) 1.63 [1.08–2.46] 81 (44.8) 3.27 [1.70–6.30]

P trend = 0.002 P trend = 0.02 P trend = 0.0004

Waist-Hip Ratio (WHR)

    <0.95 265 (31.0) 214 (26.5) 1.00 reference 166 (27.1) 1.00  reference 43 (23.8) 1.00  reference

    0.95–0.99 272 (31.8) 281 (37.9) 1.38 [1.05–1.81] 218 (35.6) 1.38 [1.03–1.84] 58 (32.0) 1.40 [0.87–2.23]

    ≥1.00 318 (37.2) 311 (38.6) 1.43 [1.07–1.90] 229 (37.3) 1.35 [0.99–1.84] 80 (44.2) 1.77 [1.09–2.87]

P trend = 0.02 P trend = 0.07 P trend = 0.02
1Gleason ≤ 7 (3+4)
2Gleason ≥ 7 (4+3) 

3ORs adjusted for age, family history of cancer at first degree, ethnicity, body mass index.
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significant difference has been found, suggesting that no 
major selection bias by SES had occurred. 

To minimize differential classification bias that can 
persist in case-control studies, data were collected by 
the same clinical research nurses for cases and controls, 
and under the same conditions using a standardized 
questionnaire. 

To minimize possible differential misclassification 
bias, we rather used anthropometric indicators that have 
been measured at interview by the nurses than the self-
declared indicators. Indeed, self-declared BMI and 
measured BMI were different in extreme categories  
(< 25 kg/m2 and ≥ 30 kg/m2).

Our results remained unchanged after adjustment for 
potential major confounding factors such as educational 
level, physical activity, and smoking status, thus limiting 
potential confounding. 

In conclusion, our results support a role of 
abdominal obesity in PCa risk, and particularly aggressive 
PCa, while BMI itself would not. Furthermore, our results 

also suggest that WC appears to be a better measure of 
abdominal obesity than WHR. The association between 
obesity and aggressive PCa is notably pertinent due to 
the large numbers of men affected by both diseases. The 
identification of abdominal obesity as a risk factor for 
aggressive PCa would be very important from a public 
health point of view and may provide new prevention 
strategies.

MATERIALS AND METHODS

Study population

EPICAP is a population-based case-control study 
carried out in the département of Hérault, a well delimited 
geographic area in the South of France. Details of the 
EPICAP objectives and study design have been previously 
described [54]. In brief, cases were men newly diagnosed 
for PCa in 2012–2013, aged under 75 and living in the 
département of Hérault at time of diagnosis. Controls 

Table 4: Associations between waist circumference, waist on hip ratio, and prostate cancer risk, stratified on body 
mass index

Controls Cases

All Low and intermediate1 Aggressive2

n = 879 (%) n = 819 (%) OR (95% CI)3 n = 623 (%) OR (95% CI)3 n = 183 (%) OR (95% CI)3

BMI < 25 kg/m²

Waist circumference 
(cm)

    ≤94 183 (73.8) 151 (65.7) 1.00  reference 117 (68.0) 1.00  reference 30 (57.7) 1.00  reference

    >94 65 (26.2) 79 (34.3) 1.60 [1.03–2.48] 55 (32.0) 1.49 [0.92–2.40] 22 (42.3) 2.03 [1.02–4.03]

         95–102 58 (23.4) 71 (30.9) 1.65 [1.05–2.58] 49 (28.5) 1.53 [0.94–2.50] 20 (38.5) 2.09 [1.04–4.20]

         >102 7 (2.8) 8 (3.5) 1.07 [0.27–4.18] 6 (3.5) 1.04 [0.23–4.60] 2 (3.8) 1.35 [0.15–12.42]

 Waist-Hip Ratio (WHR)

    <0.95 143 (57.7) 108 (47.0) 1.00  reference 81 (47.1) 1.00  reference 25 (48.1) 1.00  reference

    ≥0.95 105 (42.3) 122 (53.0) 1.75 [1.17–2.60] 91 (52.9) 1.78 [1.15–2.75] 27 (51.9) 1.54 [0.80–2.99]

         0.95–0.99 63 (25.4) 81 (35.2) 1.92 [1.23–3.02] 59 (34.3) 1.94 [1.19–3.17] 19 (36.5) 1.75 [0.84–3.64]

         ≥ 1.00 42 (16.9) 41 (17.8) 1.45 [0.83–2.54] 32 (18.6) 1.51 [0.82–2.77] 8 (15.4) 1.22 [0.47–3.13]

BMI ≥ 25 kg/m²

Waist circumference 
(cm)

    ≤94 71 (11.8) 58 (10.0) 1.00  reference 51 (11.5) 1.00  reference 5 (3.9) 1.00  reference

    >94 533 (88.2) 520 (90.0) 1.13 [0.76–1.67] 391 (88.5) 0.94 [0.62–1.41] 124 (96.1) 3.50 [1.25–9.83]

         95–102 225 (37.3) 219 (37.9) 1.07 [0.70–1.62] 171 (38.7) 0.89 [0.58–1.39] 45 (34.9) 3.15 [1.09–9.12]

         >102 308 (51.0) 301 (52.1) 1.18 [0.78–1.77] 220 (49.8) 0.97 [0.63–1.48] 79 (61.2) 3.77 [1.32–10.72]

 Waist-Hip Ratio (WHR)

    <0.95 122 (20.2) 106 (18.4) 1.00  reference 85 (19.3) 1.00  reference 18 (14.0) 1.00  reference

    ≥0.95 482 (79.8) 470 (81.6) 1.10 [0.81–1.49] 356 (80.7) 1.02 [0.74–1.42] 111 (86.0) 1.52 [0.86–2.69]

         0.95–0.99 209 (34.6) 200 (34.7) 1.06 [0.75–1.49] 159 (36.0) 1.03 [0.71–1.48] 39 (30.2) 1.26 [0.67–2.38]

         ≥1.00 273 (45.2) 270 (46.9) 1.13 [0.81–1.57] 197 (44.7) 1.02 [0.72–1.45] 72 (55.8) 1.73 [0.96–3.14]
1Gleason ≤ 7 (3+4)
2Gleason ≥ 7 (4+3) 

3ORs adjusted for age, family history of cancer at first degree, ethnicity.
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were men randomly selected from the general population, 
frequency-matched to the cases by 5-year age group, living 
in the same département as the cases and with no history 
of PCa at the time of inclusion. Quotas by socioeconomic 
status (SES) were set a priori to control for potential 
selection bias arising from differential participation rates 
across SES categories. These quotas were computed from 
the census data available in the département of Hérault, 
in order to obtain a distribution by SES among controls 
identical to the SES distribution among general male 
population, conditionally to age. 

Overall, 819 incident prostate cancer cases and 
879 population-based controls were recruited with a 
participation rate of 75% and 79%, respectively. All 
participants included in the study provided a written 
consent. The EPICAP study was approved by the review 
board of the French national institute of health and 
medical research (INSERM, n°01–040, November 2010) 
and authorized by the French data protection authority 
(CNIL n°910485, April 2011).

Data collection

Cases and controls provided information about 
socio-demographic characteristics, occupational and 
residential history, lifestyle and leisure activities, 
personal and family medical history and anthropometric 
factors using a face-to-face standardized computerized 
questionnaire (CAPI, Computer Assisted Personal 
Interview) realized by research clinical nurses. 

Anthropometric factors of interest included height, 
weight, waist and hip circumferences. Self-reported height 
at 20 years old and weight two years before the reference 
date (i.e., date of diagnosis for cases or date of interview 
for controls) were asked in the questionnaire and height, 
weight, waist and hip circumferences were measured at 
interview by the research clinical nurses. 

For cases, medical data such as Gleason scores, 
Prostate Specific Antigen (PSA) levels, and tumor stage 
at diagnosis were extracted from patient’s medical records 
and validated by the Hérault Cancer Registry.

Statistical analysis

For alcohol consumption, men were asked during 
interview whether they drink more than once a month 
during one year (No/Yes). For those who answered “Yes”, 
the level of alcohol consumption was assessed using the 
CAGE questionnaire [55]. Alcohol consumption has been 
categorized into three classes: never drinkers (less than 
once a month during one year), low drinkers (at least once 
a month during one year and zero or one positive answer 
to the CAGE questionnaire), and heavy drinkers (at least 
once a month during one year and two or more positive 
answers to the CAGE questionnaire).

Physical activity level was categorized using the 
median number of years of sport practice and the median 

number of hours per week of practice for the same sport, 
calculated in the control population. If the participant 
reported practicing more than one sport during his entire 
life, we used the sport he practiced the longest. Therefore, 
physical activity level was categorized into five categories 
classes: no activity (less than one hour per week during at 
least one year), less than 3 hours per week during less than 
19 years, more than 3 hours per week during less than 19 
years, less than 3 hours per week during more than 19 years, 
and more than 3 hours per week during more than 19 years.

Height was categorized at the quartile values of the 
control series. BMI was calculated as either self-reported 
or measured weight divided by the square of the height. 
We categorized BMI according to the definition of the 
World Health Organization (WHO) into three classes: 
under-weight and normal weight (BMI < 25 kg/m2), 
overweight (BMI: 25–29.9 kg/m2), and obese (BMI ≥ 30 
kg/m2). All analyses used the BMI computed from the 
measured weight and height.

WC was measured horizontally around the waist 
at the level of the navel and hip measurement was taken 
at the widest lateral extension of the hips. WHR was 
calculated by dividing the WC by the hip circumference. 
We used the WHO recommended cut-points related to an 
increase risk of metabolic and cardiovascular diseases for 
European populations [56]. For WC, we used 94 and 102 
centimeters cut-points; for WHR, we used 0.95 and 1.00 
cut-points. 

Unconditional logistic regression models were used 
to estimate odds ratios (ORs) and their 95% Confidence 
Interval (CI). Analyses were systematically adjusted for 
age (5-year groups), family history of prostate cancer in 
first-degree relatives and ethnic origin (caucasians, others). 
Analyses were adjusted for other potential confounding 
factors such as educational level or physical activity.

Analyses with WC and WHR were also adjusted for 
BMI (continuously) to better capture abdominal obesity. 

Separate analyses were also conducted by prostate 
cancer aggressiveness according to the Gleason score at 
diagnosis (low or intermediate aggressiveness: Gleason 
score < 7 or Gleason score = 7 including subjects for 
whom the two most commonly represented grades in the 
tumor are 3 + 4, high aggressiveness: Gleason score ≥ 8 
or Gleason score = 7 including subjects for whom the two 
grades are 4 + 3)).

Seeking for interaction with BMI, we performed 
stratified analyses splitting EPICAP population according 
to BMI overweight cut-point (< 25 kg/m² / ≥ 25 kg/m²). 
P-values testing for interaction were based on the Wald test.

All statistical analyses were performed using SAS 
(version 9.4; SAS Institute Inc., Cary, NC, USA). 

Abbreviations

BMI: Body Mass index; CI: Confidence Interval; 
cm: centimeters; IGF: Insulin-like Growth Factor; OR: 
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