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Introduction

The male sex hormone testosterone influences muscle
growth and strength, body composition and insulin sensi-
tivity. These factors are also regulated by exercise, but
whether pre-training levels of circulating testosterone are
associated with exercise-induced adaptations in fat mass
(FM) and insulin sensitivity is unknown. Studies in healthy
young men suggest that endurance training induces greater
reductions in body weight and FM in subjects with the
highest baseline levels of testosterone [1]. Yet, endurance
training may also change plasma total testosterone (TT)
and sex hormone-binding globulin (SHBG) levels [2], and
changes in these hormone concentrations may correlate
inversely with changes in FM and visceral adipose tissue in
response to endurance training [1, 3, 4]. However, not all
studies find such associations [4, 5]. While these studies
imply that pre-exercise levels of TT could be a modulating
factor for FM in response to endurance training, such
correlations between pre-exercise levels of TT and insulin
sensitivity have not been investigated. Thus, we aimed to
determine whether pre-training levels of TT and SHBG are
related to endurance training-induced improvements in
body adiposity and insulin sensitivity in healthy young
men.
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Methods

Thirty-one healthy young men were included in the
training study. Results from this training study have
previously been reported [6—10]. The study was approved
by the Copenhagen and Frederiksberg Ethics Committee,
Denmark (KF 01 289, 434), and performed according to
the declaration of Helsinki. Exclusion criteria included
regular physical exercise more than two times per week,
BMI >30 kg/m?, smoking, impaired glucose tolerance
and use of medication. The subjects were initially ran-
domised to placebo (n = 10), antioxidant supplementation
consisting of 500 mg of vitamin C and 400 IU of vitamin
E daily for 16 weeks, starting 4 weeks before onset of the
training (n = 11) [7] or glucose supplementation con-
sisting of 1.0 g/(kg h) during all training sessions
(n = 10). No differences were observed between these
groups in metabolic parameters, body composition, TT or
SHBG in response to any of the interventions. Thus, the
three groups were pooled (n = 31). The training protocol
comprised of alternating interval (75-91 % P..x with
durations of 60-80 min) and continuous (55-66 % P .«
with durations of 85-155 min) cycling training sessions
five times/week for 12 weeks with P« being determined
every Monday to ensure training progression. The full
exercise protocol is described in [8]. Blood samples were
collected after an overnight fast both before (n = 31) and
after the training period (n = 25). One person in the
glucose supplementation group was missing in the pre-
samples compared to previous publications (originally
n = 32), and seven samples equally distributed among the
groups were missing after the training intervention. Serum
levels of TT and SHBG were measured by time-resolved
fluoroimmunoassays (DELFIA) with a detection limit of
0.23 nmol/l for both. Intra- and inter-assay coefficients of
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Table 1 Correlation analyses

between total testosterone, Total testosterone (pre) SHBG (pre) Total testosterone/SHBG (pre)
SHBG or total testosterone/ r p value r p value r p value
SHBG and measures of body
mass, insulin sensitivity and BMI
fitness Pre —043 <0.05 —0.49 <0.01 0.27 >0.2
Delta 0.22 >0.2 —0.053 >0.2 0.16 >0.2
Fat mass
Pre —0.48 <0.01 —0.50 <0.01 0.31 >0.2
Delta 0.088 >0.2 —0.099 >0.2 0.038 >0.2
Trunk fat mass
Pre —047 <0.01 —0.55 <0.01 0.37 0.052
Delta 0.20 >0.2 0.039 >0.2 —0.057 >0.2
GIR
Pre 0.18 >0.2 0.43 <0.05 —0.37 <0.05
Delta 0.14 >0.2 0.23 >0.2 —0.17 >0.2
HOMA
Pre —0.27 >0.2 —0.38 <0.05 0.26 >0.2
Delta 0.099 >0.2 0.19 >0.2 —0.10 >0.2
VO, max
Pre 0.31 >0.2 0.54 <0.01 —0.44 <0.05
Delta —0.073 >0.2 0.046 >0.2 —0.063 >0.2
Lean body mass
Pre 0.016 >0.2 0.050 >0.2 —0.10 >0.2
Delta 0.22 >0.2 0.057 >0.2 0.22 >0.2
Total testosterone (post) SHBG (post) Total testosterone/SHBG (post)
r p value r p value r p value
BMI
Post —-0.23 >0.2 —-040 <0.05 0.26 >0.2
Fat mass
Post —0.41 <0.05 —0.51 <0.01 0.22 >0.2
Trunk fat mass
Post —0.41 <0.05 —-0.54  <0.01 0.29 >0.2
GIR
Post 0.25 >0.2 0.34 0.07 —0.38 0.058
HOMA
Post —0.13 >0.2 —-032 >02 0.28 >0.2
VO, max
Post 0.46 <0.05 0.33 0.085 —0.14 >0.2
Lean body mass
Post 0.23 >0.2 0.21 >0.2 0.15 >0.2

Data were analyzed with GraphPad Prism 6. All data were tested for normality of distribution using the
Kolmogorov—Smirnov test and were log-transformed to achieve an approximate normal distribution when
necessary. Associations between parameters were tested by Spearman correlation coefficients. p values

<0.05 were considered statistically significant and are depicted in bold

variation (CV) were less than 12 % for TT and less than
6 % for SHBG. Body composition was determined by
DXA scans, and insulin sensitivity was measured as
glucose infusion rates (GIR) during a euglycemia
(5 mM)-hyperinsulinemic clamp [7]. Normal distribution
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was tested by Kolmogorov—Smirnov test and log-trans-
formed if necessary. Associations between parameters
(n = 31 for baseline testing) and (n = 25 for post-training
testing) were tested by linear regression analysis with
Spearman correlation coefficients.
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Results

The subjects were 21-39 years (n = 31), non-obese with a
mean BMI of 25.1 + 2.7 kg/m* and mean VO, max was
50.5 £ 7.6 ml(O,)/(min kg). TT and SHBG levels were
9.37-23.60 and 15.0-52.0 nmol/l, respectively. One sub-
ject was hypogonadal (testosterone <10.4 nmol/l). Twelve
weeks of endurance training did not change TT or SHBG
concentration, but increased VO, max by 21.3 + 10.9 %
(p < 0.01), reduced whole-body FM by 3.3 £ 2.7 kg
(p < 0.01), lowered trunk FM by 2.0 £+ 1.7 kg (p < 0.01)
and increased lean body mass by 1.2 £+ 1.4 kg (p < 0.01).
The GIR during the euglycemic hyperinsulinemic clamps
increased by 20.1 £ 23.4 % (p < 0.01) after 12 weeks of
endurance training.

TT correlated inversely with BMI, FM and trunk FM
before the training period (r= —043, p <0.05,
r=—048, p <001 and r = —0.47, p < 0.01, Table 1)
and with FM and trunk FM after training (r = —0.41 and
r = —0.41 m both p < 0.05, Table 1). Similarly, SHBG
levels were inversely correlated with BMI, FM and trunk
FM before training (r=—-049, r = —-0.50 and
r = —0.55; all p < 0.01) and after training (Table 1). The
ratio between TT and SHBG did not correlate with BMI,
FM or trunk FM neither before nor after training. Pre-
training levels of TT and SHBG were not associated with
exercise-induced changes in BMI, FM or trunk FM.

TT did not at any time correlate with insulin sensitivity,
whereas SHBG was positively correlated with insulin
sensitivity before (r = 0.43; p < 0.05) but not after
(r = 0.34; p = 0.07) training. Of note, the ratio between
TT and SHBG correlated with GIR before (r = —0.37;
p < 0.05) and after (r = —0.38; p = 0.058) training. Pre-
training levels of TT, SHBG and the ratio between the two
were not associated with training-induced changes in
insulin sensitivity.

SHBG and the ratio TT/SHBG correlated with VO, max
before training (r = 0.47, p < 0.01, r = —0.44, p < 0.05,
respectively). TT correlated with VO, max after training
(r = 0.46, p < 0.05). Pre-training levels of TT and SHBG
were not correlated to changes in VO, max across the
training period. Neither TT nor SHBG were associated
with fat-free mass before or after training.

Discussion

Here we show that pre-training levels TT and SHBG levels
do not correlate with training-induced improvements in FM
and insulin sensitivity in non-obese young healthy men.
However, SHBG was associated with insulin sensitivity
before training. In line with previous studies, we found that

pre-training levels of TT and SHBG are associated with
measures of FM [11-13]. As TT did not change during the
exercise intervention, no correlations between changes in
TT and other physiological adaptations were performed.
The high-intensity endurance training regime induced
remarkable increases in VO, max and insulin sensitivity,
which was accompanied by 3.3 kg reduction in FM and
2.0 kg reduction in trunk FM. As pre-exercise levels of TT
and SHBG were not associated with these changes, our
findings suggest that young healthy men are not more
susceptible to endurance training-induced changes in
insulin sensitivity or body adiposity regardless of their pre-
training TT levels.

Low levels of TT is a risk factor for metabolic syndrome
and type 2 diabetes [14, 15], even in men under the age of
40 [16]. The predictive role of testosterone is thought
mainly to occur through its association with insulin sensi-
tivity and FM [16]. Thus, the ability to reduce FM and
increase insulin sensitivity despite low pre-training levels
of TT might be of clinical importance.

In conclusion, we show that pre-training levels of TT
and SHBG are not associated with exercise-induced
adaptations in FM and insulin resistance. These results give
promise for prostate cancer patients, where training can be
exploited to reduce therapy-related adverse metabolic
effects, despite their treatment-related hypogonadism.
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