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Abstract
Objectives: To analyze the relationship between body mass index (BMI), fat tissue distribution, and total
testosterone (TT) levels in men with localized prostate cancer (PCa).

Methods: Two hundred and thirty-eight patients with either intermediate-risk PCa (60.5%) or high-risk PCa
(39.5%) treated by external beam radiotherapy (EBRT), with or without androgen deprivation therapy (ADT),
were analyzed. The visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) were identified from
patient’s radiotherapy planning computed tomography (CT) images. Patients were divided into two groups:
the first included patients whose TT levels were hypogonadal; the second included patients whose TT levels
were normal.

Results: There was a correlation between VAT and BMI (r=0.627). In an univariate model, BMI (p = 0.0174)
and VAT (p=0.0228) were both predictive for low TT; age (p=0.579) was not. In a multivariate analysis taking
into account the non-linear relationship between a low TT and BMI, BMI was the only predictive factor of a
low TT (p=0.0304). An increase in BMI from 15 to 35 kg/m2 was associated with a fairly linear increase in the
probability of having a low TT level; an increase in BMI of 5 kg/m2 resulted in an increase in probability of a
low TT of 10%. On the other hand, a BMI >35 kg/m2 had a lower probability of a low TT level.

Conclusions: There is a non-linear relationship between hypogonadal TT levels and BMI. VAT was not an
independent predictor for low TT levels. Our results emphasize the important relationship between low TT
and obesity in patients with PCa.
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Introduction
Hypogonadism and visceral adiposity are linked and often coexist in the same subjects, together with insulin
resistance and metabolic syndrome (MetS) [1], but most data are from cross-sectional studies and do not
allow to make a causal inference [2]. Not only do obesity and total testosterone (TT) seem to share a
common link, they both have a similar influence on prostate cancer. It was recently hypothesized that low
TT levels in obese patients may predispose men to more poorly-differentiated cancer, which might explain
the higher mortality rate for prostate cancer in obese men [2]. Some studies showed a relationship between
low TT levels and PCa, low TT and higher Gleason score (GS), higher tumour burden, higher rate of
bilaterality, and decreasing TT levels as risk of progression raised, and in metastatic disease, with poorer
response to androgen deprivation therapy (ADT) and shorter overall survival [3-5].

Although the literature is inconclusive regarding the influence of obesity on prostate cancer, obesity has
been associated with an increased risk for future diagnosis of high-risk prostate cancer [6, 8-9]: obesity
either protects, promotes, or has no effect at all [7]. One reason for these conflicting results could be that
there were different measures of adiposity used, such as body mass index (BMI) and hip-to-waist ratio [7],
both of which are not direct measures of visceral adipose tissue (VAT). Men have a predominantly visceral
fat accumulation [8]. Body fat distribution is regulated by sex hormones. A higher ratio of VAT is associated
with many health disorders, including many metabolic disorders [8]. VAT can be determined by computed
tomography (CT) or magnetic resonance imaging (MRI) [9]. A recent study found that visceral obesity was
significantly higher in patients with prostate cancer than in controls [10]. Since both low TT and visceral
obesity share certain links and exert a similar influence on prostate cancer aggressiveness, we investigated
the relationship between low TT and visceral obesity in patients presenting with localized prostate cancer.

Materials And Methods
Patient characteristics and treatment
Between March 2003 and September 2007, 144 patients with intermediate-risk prostate cancer were enrolled
in a prospective multicenter phase III randomized trial comparing two different dose levels of external beam
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radiotherapy (EBRT). Included were patients with clinical stage T1b-2b (American Joint Commission on
Cancer, 6th Edition), a GS of 7, prostate-specific antigen (PSA) levels of < 15 ng/mL, or GS scores of  ≤ 6 and
PSA ≥10 but ≤ 20 ng/mL. 

Another 94 patients were randomized to a phase III multicenter randomized study for patients with high-risk
disease, defined by at least one of the following three risk factors: clinical stage T3 or T4, GS 8-10, or PSA >
20 ng/mL. Patients received 70 Gy. Randomization occurred between 18 and 36 months of neoadjuvant and
adjuvant ADT. Both studies were approved by the Human Ethics Committee of the Centre Hospitalier de
l’Université de Montréal (ethics identification numbers ND 02.042 and ND 01.011).

Anthropometric measures of obesity 
BMI (defined as weight in kilograms divided by height in meters squared [kg/m2]) was categorized according
to the World Health Organization’s definition (normal weight, BMI < 25 kg/m2; overweight, 25-29.9 kg/m2;
obesity, ≥ 30 kg/m2). Patients of Asian descent were excluded (other BMI cut-off applicable). Weight and
height were measured and recorded at the first clinical visit.

VAT and subcutaneous adipose tissue (SAT) were measured at the iliac crest level, since this often
corresponds with the fourth lumbar vertebra. VAT and SAT were delineated with the EclipseTM (Varian
Medical System, Palo Alto, USA) treatment planning system on three 3-mm slices. VAT/SAT (%) ratio was
calculated for statistical analysis. 

Clinical follow-up and statistical analysis
Patients were followed every three months for the first two years, every six months for an additional three
years, and then annually thereafter. TT was measured at baseline within four weeks after registration by
automated immunoassay systems but before start of EBRT and ADT. Blood samples were analyzed by
different laboratories. As a result, different reference values were applied. 

Statistical analysis
The first goal was to find factors associated with low TT levels. To that aim, patients were divided into two
groups: the first group consisted of patients whose TT levels were below the normal reference values (low
TT) at baseline before start of treatment, the second group consisted of patients whose TT levels were above
the lowest reference value (normal levels). The range of TT in patients who had a value below normal at
baseline was 1-9 nmol/L (mean 6.78, standard deviation [SD] 2.5), and for patients with a normal value, it
was 7-29 nmol/L (mean 13.4, SD 4.4) (P <0.001 for difference in TT between both groups). Clinical
characteristics between both groups were compared using a chi-square test or non-parametric Mann-
Whitney U test if the distribution of the variable did not allow for the use of a parametric test. 

Univariate and multivariate logistic models were used to estimate the association between obesity and low
TT. Two multivariate models were considered and compared using Akaike’s Information Criterion: Model 1
included BMI, age, and VAT, while Model 2 included VAT/SAT, age, and VAT. Linearity of effect was assessed
by testing quadratic term for each of the independent variables.

In the second part of the statistical analysis, patients who did not receive any hormonal treatment (patients
in the intermediate risk group only), who had a normal TT before treatment and whose subsequent
TT results were under the reference value were investigated to explore which factors were potentially
associated with that change. 

Statistical analysis was done using R (R Foundation for Statistical Computing, Vienna, Austria).

Results
Two hundred and forty-three patients were available for evaluation. Five patients (2.1%) had missing values
and were therefore excluded from analysis. One hundred and forty-four patients (60.5%) were treated for
intermediate-risk prostate cancer and 94 (39.5%) for high-risk cancer. In the intermediate group, 77.1% of
patients had a normal TT, and 67% of patients in the high risk group had a normal TT at baseline. Table 1
lists patient characteristics: patients with low TT levels did not have more aggressive disease than patients
with a normal level before EBRT.
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Characteristics All Normal TT Low TT Pª

PSA (ng/mL)

Continuous - - - 0.845

< 20 81.5 (194) 59.7 (142) 21.8 (52) 0.950

≥ 20 18.5 (44) 13.5 (32) 5.0 (12) -

Gleason score

≤ 6 16.8 (40) 10.9 (26) 5.9 (14) 0.241

≥ 7 83.2 (198) 62.2 (148) 21.0 (50) -

Clinical T-stage

T1-T2 80.3 (191) 60.1 (143) 20.2 (48) 0.270

T3 19.7 (47) 13.0 (31) 6.7 (16) -

Risk classes

Intermediate-risk 60.5 (144) 45.4 (108) 15.1 (36) 0.102

High-risk 39.5 (94) 27.7 (66) 11.8 (28) -

Age (y)

< 70.8 49.2 (117) 35.7 (85) 13.4 (32) 0.884

≥ 70.8 50.8 (121) 37.4 (89) 13.4 (32) -

TABLE 1: Patient characteristics stratified by total testosterone (TT ) (n = 238). Values are in
percentage (n)
ª Chi-square test b Mann-Whitney U test

The median BMI was 27.6 kg/m2 (range: 15.5-51.5 kg/m2). Fifty-seven patients (23.9%) had a normal BMI,
110 (46.2%) were overweight (BMI 25-29.9 kg/m2), and 71 (29.8%) were obese (BMI >30 kg/m2, including
8.8% >35 kg/m2, n=21). There was a correlation between visceral fat and BMI (r=0.627, p=<0.0001). Age
showed only a weak correlation with BMI (r= -0.292, p < 0.0001) and VAT/SAT (r = 0.204, p =0.002).

The difference in mean BMI between patients with normal compared to low TT was 1.3 kg/m2 (p=0.005).
Patients with normal TT before RT had significantly less VAT (P=0.020). Surprisingly, patients with a normal
TT were not younger than patients with a low TT (p=0.632, Table 2).

 OR 95% CI P-Value *Joint Test P-Value

Age 0.9904 0.9395 - 1.0453 0.7230  

BMI 1.6632 1.0642 - 2.8383 0.0396 0.0304

BMI squared 0.9930 0.9847 - 0.9999 0.0677  

VAT/SAT 2.1237 0.7149 - 6.2949 0.1719  

TABLE 2: Multivariate analysis for factors having an influence on low total testosterone level.
*p-value for the joint effect of BMI modelled as BMI + BMI squared.

In an univariate model, BMI (p = 0.0174) and VAT (p=0.0228) were both predictive of a low TT, whereas
VAT/SAT (0.1068) and age (p=0.579) were not. 
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In a logistic linear model, including age and VAT/SAT, BMI had a better predictive value (Akaike’s
Information Criterion, AIC = 276.85) than the model with visceral fat (AIC = 278.18). In the multivariate
model with visceral fat, none of the factors was predictive of a low TT, not even VAT (p=0.108)

The association between a low TT and BMI was not linear and was thus modelled by a linear and a quadratic
term. The effect of BMI on the probability of low TT, with 95% point-wise confidence interval, is shown in
Figure 1. This figure indicates that an increase in BMI from 15 to 35 kg/m2 is associated with a fairly linear
increase in the probability of having a low TT level but that probability decreases for larger BMI. For BMI
below 35 kg/m2, an increase in BMI of 5 kg/m2 is associated with an increase of probability of a low TT of
roughly 10%. The confidence bands are wide for large BMI; therefore, these results have to be interpreted
with caution.

FIGURE 1: Abdominal adiposity as measured on a computed
tomography image.
A. Visceral adipose tissue B. Subcutaneous adipose tissue

Factors that predict for a decline to a low TT levels in patients not receiving ADT: TT values were compared
for 142 patients in the intermediate risk group at baseline and after a median follow-up of 37.6 months. A
total of 33 (23.2%) patients had a normal TT and subsequently a low TT-level. In this sample, none of the
factors was a significant predictor of a subsequent low TT: BMI (p = 681), VAT (p = 0.895), VAT/SV (p =
0.712), and age (p = 0.592). None of the non-linearity checks gave rise to a better fit.

Discussion
The diagnosis of hypogonadism requires the presence of low serum TT levels and the presence of
hypogonadal symptoms [11]. Hypogonadism can affect general health and quality of life by decreasing sex
drive and performance, decreasing muscle mass and strength, decreased bone mineral density, and
increasing body fat, particularly abdominal fat [12]. Adipose tissue is an active endocrine and metabolic
organ that produces numerous adipokines, vascular endothelial growth factor (VEGF), tumour necrosis
factor-alpha (TNF-α) and interleukin-6 (IL-6) [13]. The association between hypogonadism and obesity is
complex. There is an intricate relationship between sex hormones, adiposity and body fat distribution; TT
levels are reduced in abdominal obesity [8, 14-15]. Visceral obesity can probably be considered a relevant
cause of hypogonadism, but at the same time, hypogonadism could be a cause of obesity, establishing a
vicious cycle [2, 16]. 

A hypothesis for the association between TT and obesity is that high estrogen levels generated by the
aromatization of TT in adipose tissue suppress testicular TT production [17-18]. In addition, it has been
hypothesized that androgen deficiency plays a central role in the process of adipogenesis and increased VAT
[16]. Travison, et al. [19] reported in a prospective cohort study that men who became obese (BMI ≥30 kg/m2)
experienced a decline in TT comparable to that associated with 10 years of aging. 

To our knowledge, this is the first study to investigate in intermediate and high risk PCa, TT and abdominal
fat distribution measured by CT. Measuring visceral fat by CT is more accurate than BMI because  BMI does
not account for muscle mass which varies with age.  Nevertheless, we found that BMI is superior to direct
VAT measurements in predicting for low TT in patients with localized prostate cancer. Interestingly, it
seems that TT levels seem to increase in very obese patients, yet the 95% confidence intervals are very large
and this must be confirmed in a separate study.  

Our data contradicts Tsai, et al. (20) who reported a significant but not strong (r= -0.26, P= 0.006) inverse
relationship between TT levels and intra-abdominal fat measured by abdominal CT in Japanese-American
men. To our surprise, age did not have an influence on TT levels. The lack of association between low TT
levels and age is probably due to the fact that there was relatively little variance of age in our patients
(median 70.8 y, SD 6 y). Others have shown that TT levels decrease with age: the prevalence of hypogonadal
levels in the Baltimore Longitudinal Study of Aging [21] was 20% for men in their sixties and 30% for men in
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their seventies.

An expert roundtable discussion about testosterone measurements in prostate cancer [4] concluded that
current evidence linking more aggressive prostate cancer with low TT is equivocal. In their review on the
relationship between obesity and prostate cancer, Freedland and Platz [7], state that it is possible that lower
free testosterone in obese men predispose them to more aggressive prostate cancer. For patients in this
study, low TT levels was not associated to GS, PSA or clinical T-stage. Because of the short follow-up, we did
not analyze the influence of low TT levels on treatment outcomes and we can not exclude that on follow-up,
patients with hypogonadal levels will respond unfavourably to treatment. However, we do not anticipate
this, since others have recently shown that TT does not influence biochemical failure after EBRT [22] or
brachytherapy [23]. 

Our study is a retrospective study and has its limitations. We did not have data on waist circumference or
waist-to-hip ratio. Most studies analyzed the relationship between TT and BMI and waist-to-hip ratio as a
marker for central abdominal obesity [15]. Some could argue that only one sample of TT at a given time yet is
insufficient to confirm a hypogonadal TT level. But previous studies have also relied on one unique
measurement [24]. Yet, we refrained from categorising our patients as hypogonadal nonetheless. Another
shortfall of our study can be that TT was not taken at a precise time, given the circadian variability of TT.
Yet, it has been shown that the circadian variation is blunted or non-significant in elderly men, which
comprises the vast majority of our patients [25-26].

Conclusions
In conclusion, we found that low TT levels at diagnosis of prostate cancer and on follow-up after primary
radiotherapy depended not on age, but on a patient’s BMI and not on intra-abdominal fat distribution. A
relatively small reduction in BMI could potentially lead to normal TT levels and better quality of life.
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