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Purpose: We investigated the correlations of serum total testosterone (TT) levels with body composition and physical fitness
parameters in patients with erectile dysfunction (ED) to know the best exercise for testosterone deficiency.

Materials and Methods: Eighty-seven ED patients underwent serum TT assessment as well as body composition and basic
exercise testing. The bioelectrical impedance analysis was used to assess body composition. Seven types of basic exercise
tests were used to determine physical fitness. Correlations between serum TT levels and body composition/physical function
parameters were evaluated using partial correlation analyses. A serum TT cut-off value was obtained for the parameters sig-
nificantly correlated with serum TT levels.

Results: The subjects had a mean serum TT level of 342.1 ng/dL. Among the body composition parameters, body and ab-
dominal fat percentages showed statistically significant negative correlations with serum TT levels. Among the basic exercise
test parameters, only the cycle ergometer test for cardiorespiratory fitness showed a statistically significant positive correlation
with serum TT levels.

Conclusions: Serum TT levels in patients with ED, may be increased by reducing fat percentage and improving cardiorespira-
tory fitness via aerobic exercise.
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INTRODUCTION treatment cessation. In that study, we administered an
exercise program that included 20 minutes of aerobic

In a recent publication [1], we demonstrated that exercise followed by 10 minutes of whole-body stretch-
exercise improves the efficacy of testosterone treat- ing, 30 minutes of strength exercise, and 10 minutes of
ment for patients with testosterone deficiency (TD), aerobic exercise. This training program was performed
and prolongs the duration of the treatment effect after three times per week to maximize the effects of exer-
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cise on treatment. However, it is unknown what type
of exercise would best improve symptoms and serum
testosterone levels in patients with TD. Other previ-
ous studies have mainly focused on the effects of acute
vigorous resistive strengthening exercises on serum
testosterone levels, and few studies have examined
the effects of long-term chronic resistive strengthen-
ing exercise on serum testosterone levels [2-6]. Better
knowledge regarding which type of exercise is more
effective in improving TD would aid in maximizing
the treatment efficacy by better tailoring the existing
treatment regimen. Moreover, a maximally effective
treatment regimen could reduce the risk of adverse
treatment effects by shortening the length of treat-
ment.

To determine the best exercise program, it is impor-
tant to first understand which body composition and
physical fitness parameters are most closely related to
serum testosterone levels, and then introduce exercise
programs targeting these factors. Therefore, the pres-
ent study aimed to investigate relationships between
serum testosterone levels and body composition and
physical fitness parameters in patients with erectile
dysfunction (ED). Based on these results, we sought
to derive a physical exercise that is more effective in
treating TD.
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MATERIALS AND METHODS

1. Subject

Among patients who had their serum testosterone
levels measured after visiting the hospital for ED
between January 2014 and June 2015, data were ana-
lyzed for 87 patients who additionally underwent body
composition and basic exercise testing. All men were
included consecutively in this study, were at least 35
years of age, and complained of an inability to obtain
or maintain a sufficiently firm erection for sexual in-
tercourse for more than six months. The patients who
answered ‘yes’ to one or more questions on the physical
activity readiness questionnaire were excluded except
for those patients whose blood pressure was well con-
trolled by antihypertensive drugs. Patients who experi-
enced difficulty in participating in exercise testing due
to joint problems and had a history of treatment for
hypogonadism were excluded from this study. Blood
samples were obtained before 11 am., and serum tes-
tosterone levels were measured by radioimmunoassay.
Body mass index (BMI) was calculated and bioelectri-
cal impedance analysis (BIA) was used to assess body
composition, including skeletal muscle mass, fat mass,
lean body mass, body fat percentage, abdominal fat
percentage, and visceral fat mass. The patients per-
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Fig. 1. Basic exercise testing to evaluate
individual physical fitness: (A) cardiore-
spiratory fitness by cycle ergometer test;
(B) flexibility by sit-and-reach test; (C)
muscular endurance by curl-up test; (D)
| muscular strength by grip test; (E) agility
by whole body reaction test; and (F) bal-
ance by one-leg stance test.
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formed seven types of basic exercise testing: cardiore-
spiratory fitness (cycle ergometer test), flexibility (sit-
and-reach test), muscular endurance (curl-up test),
muscular strength (grip test, vertical jump test), agility
(whole body reaction test), and balance (one-leg Stance
test) (Fig. 1).

The correlations between serum testosterone levels
and the results from the body composition and basic
exercise tests were investigated. Partial correlation
analyses with age as a confounding factor were per-
formed. For parameters determined to be significantly
correlated with serum testosterone levels, the serum
testosterone cut-off value at which significant differ-
ences occurred in those parameters was calculated by
multiple independent t-tests after dividing 87 patients
into two groups based on each serum testosterone level.

2. Ethics statement
The present cross-sectional study protocol was re-

Table 1. Baseline characteristics (n=87)

Variable Value
57 (36-73)
342.1(83.4-1,030.0)

Age (y)
Serum total testosterone (ng/dL)
Comorbidities

None 55(63.2)

More than one comorbidities 10(11.5)
LUTS BPH 17 (19.5)
HTN 8(9.2)
Hyperlipidemia 8(9.2)
Diabetes mellitus 7 (8.0)
Others 4(4.6)

Body composition
BMI (kg/m?) 25.50 (18.50-34.20

( )
Skeletal muscle mass (kg) 30.20 (28.70-34.40)
Fat mass (kg) 24.50 (20.78-28.43)
Lean body mass (kg) 17.85 (13.60-21.75)
Body fat percentage (%) 24.50 (20.78-28.43)
Abdominal fat percentage (%) 0.93 (0.91-0.96)
Visceral fat mass (g) 121.90 (95.75-147.00)
Physical fitness

Cardiorespiratory fitness 28.00 (24.25-34.00)

Flexibility
Muscular endurance
Muscular strength

0.00 (-6.25-8.73)
19.00 (14.00-25.25)
39.35(33.90-43.04)

(
Agility 391.50 (358.00-446.00)
Balance (

5.50(3.00-11.50)

Values are presented as median (interquartile range) or number (%).
LUTS: lower urinary tract symptoms, BPH: benign prostatic hyperpla-
sia, HTN: hypertension, BMI: body mass index.
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viewed and approved by the Institutional Review
Board of Seoul Paik Hospital, Seoul, Republic of Korea.
Informed consent was obtained by all enrolled subjects.

3. Statistical analyse
All statistical analyses were performed using PASW

ver. 180 (IBM Co., Armonk, NY, USA). For all statisti-
cal tests, two-tailed p-values lower than 0.05 were con-
sidered to be statistically significant.

RESULTS

The mean age of the subjects was 57 years (range,
36—73 years), and the mean serum total testosterone
level was 342.1 ng/dL (range, 83.4—1,030.0 ng/dL). There
were 55 patients with no underlying diseases (63.2%),
while 10 patients had more than 1 underlying diseases
(11.5%). For each disease, there were 17 patients with
lower urinary tract symptoms suggestive of benign
prostatic hyperplasia (19.5%), 8 patients with hyperten-
sion (9.2%), 8 patients with hyperlipidemia (9.2%), 7
patients with diabetes mellitus (8.0%), and 4 patients
with other diseases (4.6%) (Table 1). The mean BMI was
2550 kg/m”® (range, 18.50—34.20 kg/m®) and was nega-

Table 2. Correlations between serum testosterone level and body
composition and physical fitness parameters

Testosterone
Variable
r p-value
Body composition
Body mass index -0.200 0.082
Skeletal muscle mass -0.099 0.385
Fat free mass -0.020 0.858
Body fat mass -0.214 0.062
Body fat percentage -0.244 0.033*
Abdominal fat percentage -0.254 0.026*
Visceral fat mass -0.203 0.077
Physical fitness
Cardiorespiratory fitness 0.292 0.010*
Flexibility 0.082 0.464
Muscular endurance 0.064 0.568
Muscular strength (grip test) 0.191 0.083
Muscular strength (vertical jump test) 0.115 0.301
Agility -0.103 0.355
Balance 0.041 0.711
Partial correlation analyses with age as a confounding factor were
performed.
r: Pearson correlation coefficient.
*p<0.05.
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tively correlated with serum testosterone levels (Pear-
son correlation coefficient (r)=—0.200); however, the cor-
relation was not statistically significant (p=0.082).

Among the body composition test parameters, body
and abdominal fat percentages showed statistically
significant negative correlations with serum total tes-
tosterone levels (r=—0.244, p=0.033; r=—0.254, p=0.026,
respectively). In addition, body and visceral fat masses
showed marginally significant negative correlations
with serum total testosterone levels (r=0.214, p=0.062;
r=0.203, p=0.077, respectively) (Table 2). Fat free mass
and skeletal muscle mass were not significantly cor-
related with serum testosterone levels, and the cor-
relations were smaller compared to that between fat-
related parameters and serum testosterone levels
(r=0.020, p=0.858; r=0.099, p=0.385, respectively). Most
of the basic exercise test parameters were positively
correlated with serum total testosterone levels. How-
ever, only the cycle ergometer test for cardiorespira-
tory fitness showed a statistically significant positive
correlation with serum total testosterone levels (r=0.292,
p=0.010) (Table 2). The cut-off value for the serum to-
tal testosterone level at which significant differences
in body fat percentage, abdominal fat percentage, and
cardiorespiratory fitness occurred was determined to
be 384.9 ng/dL.

DISCUSSION

Only limited data regarding the effects of regular
exercise on serum testosterone—the most important
factor in TD—are available, and existing studies have
mainly focused on determining whether resistive
strengthening exercise increases serum testosterone
levels. Although acute vigorous resistive strengthen-
ing exercise is speculated to increase serum testoster-
one levels, few studies have examined the effects of
long-term chronic resistive strengthening exercise on
serum testosterone levels [2-5]. Smilios et al [6] demon-
strated that an acute elevation in testosterone is not
always observed after vigorous resistive strengthen-
ing exercise; the total amount of exercise appears to
be more important in increasing testosterone levels. A
few additional studies have combined other types of
exercises with resistive strengthening exercise and ex-
amined their effects on serum testosterone. Heufelder
et al [7] conducted a 52-week, double-blind clinical trial,
examining the effects of supervised exercise, with or
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without testosterone treatment, on components of met-
abolic syndrome and newly diagnosed type 2 diabetes
in hypogonadal men. Serum testosterone was signifi-
cantly improved after 52 weeks of supervised exercise
without testosterone treatment. In a recent study, we
developed an exercise program consisting of aerobic
exercise, whole-body stretching, and resistive strength
exercises [1], and determined that the exercise group
with testosterone treatment had significantly higher
serum testosterone levels compared to those in the con-
trol group. Furthermore, the increased serum testoster-
one levels were relatively well maintained in the group
that continued to perform the exercises after cessation
of the testosterone treatment. Regular exercise that
significantly reduces BMI, induces an elevation in se-
rum testosterone levels via the following mechanism:
the serum insulin level [8], oxidative stress [9,10], and
conversion of testosterone to estradiol by aromatase in
adipose tissue are reduced [11], and the muscular and
plasma dihydrotestosterone concentrations are directly
increased [1,12,13].

These findings clearly imply that exercise is deeply
associated with the serum testosterone level and thus
with ED, a classic symptom of TD [14]. However, it
1s unclear which type of exercise would be better for
improving symptoms and the endocrinologic status of
patients with TD. Identifying the specific body com-
position or physical fitness parameters closely related
to serum testosterone levels is beneficial for TD treat-
ment development, as serum testosterone levels may
be more effectively elevated through exercises target-
ing the related body composition and physical fitness
parameters. Therefore, we administered seven simple
exercise tests to measure physical fitness, as in Whaley
et al [15], and conducted BIA testing to determine body
composition. Body and abdominal fat percentages were
found to have statistically strong, significant negative
correlations with serum testosterone levels. Other fat-
related parameters (body fat mass and visceral fat
mass) also showed relatively high r-values and border-
line statistical significance. On the other hand, muscle
mass parameters, such as skeletal muscle mass and
fat-free mass, lacked statistical significance and had
near-zero r-values. These findings attest to the close
association between serum testosterone levels and fat,
suggesting that exercise targeting reductions in fat
would effectively increase the serum testosterone level.
With regard to physical fitness parameters, only car-
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diorespiratory fitness was found to have a significant
positive correlation with serum testosterone levels, im-
plying that exercise targeting cardiorespiratory fitness
would be helpful in increasing serum testosterone lev-
els. Thus, aerobic exercise, which reduces fat mass and
improves cardiorespiratory fitness, is expected to be
more beneficial than strengthening exercise in increas-
ing serum testosterone levels.

In a study by Khoo et al [16] of 90 sedentary male
patients with obesity (BMI>27.5 kg/m® waist circum-
ference>90 cm), aerobic exercise of more than 200 min-
utes per week over 24 weeks significantly increased
the International Index of ED-5 score and testosterone
levels in serum. They also reported that the exercise
reduced urinary tract symptoms and improved the
quality of life. In addition, Hayes et al [17] confirmed
that, through a 12-week high-intensity interval train-
ing using aerobic exercise, the testosterone levels in
serum increased 1n 22 lifelong sedentary male patients
(average age: 62 years). In these studies, not all partici-
pants were TD patients whose testosterone levels were
below 350 ng/dL. Furthermore, the number of partici-
pants was small, with a limited period. Nevertheless,
these studies demonstrate that there is a possibility of
increasing serum testosterone levels through aerobic
exercise.

It has already been reported from numerous studies
that the testosterone level threshold can vary depend-
ing on the age or symptom. Zitzmann et al [18] showed
that a decrease in libido or vitality can begin to mani-
fest at 15 nmol/L, which is higher than the commonly
used TD standard of 12.1 nmol/L, while depression
or diabetes occurs at a significantly high frequency
in men whose serum testosterone levels are below 10
nmol/L. In cases of ED adjusting for smoking or other
metabolic syndrome-related factors, a significant in-
fluence is reported on testosterone levels that were
decreased to below 8 nmol/L [18]. In this study, the
threshold of serum testosterone level used for analysis
was also confirmed with respect to body composition
and physical fitness factors that showed a significant
correlation with serum testosterone levels. The cut-
off value for the serum testosterone level inducing
significant differences in body fat percentage, abdomi-
nal fat percentage, and cardiorespiratory fitness, was
determined to be 384.9 ng/dL. This value is close to the
current clinical standard for TD treatment (350 ng/dL)
[19,20], strongly implying that TD is related to body fat
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percentage, abdominal fat percentage, and cardiorespi-
ratory fitness.

The present study has a few limitations. First, the
study was exploratory in nature and involved a rela-
tively small sample size, which may have reduced the
statistical power. Further, some patients with normal
testosterone levels and only relatively healthy patients
with ED who were able to undergo the basic exercise
testing were included in the present study. Another
limitation is that the BIA testing used in the present
study has relatively lower accuracy in measuring body
composition compared to dual-energy x-ray absorptiom-
etry [21]. Lack of measuring other hormone levels, such
as dehydroepiandrosterone, insulin-like growth factor,
free testosterone, and sex hormone-binding globulin,
which can give more accurate result was another
limitation. Finally, erectile function scores and TD
symptom scores were not included in the correlation
analyses. Despite these limitations, the present study
provides valuable information as the first explorative
study identifying the specific body composition or
physical fitness parameters closely related to serum
testosterone levels and suggesting that aerobic exercise
may be more beneficial than resistive strengthening
exercises in enhancing testosterone treatment for TD
patients with ED. In the future, large-scale prospective
studies examining the impact of the type of exercise on
changes in serum testosterone levels are needed to sub-
stantiate the findings of the present study.

CONCLUSIONS

In patients with ED, serum total testosterone levels
were negatively correlated with body and abdominal
fat percentages, and positively correlated with cardio-
respiratory fitness. Thus, serum total testosterone lev-
els, which are closely related to erectile function, may
be increased in patients with ED by reducing fat per-
centage and improving cardiorespiratory fitness. These
results suggest that aerobic exercise, which reduces fat
and improves cardiorespiratory fitness, would be more
beneficial for patients with TD and ED than strength-
ening exercises.
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