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ORIGINAL ARTICLE
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and glucose tolerance among hypogonadal men in Japan: a case
control study

Yuki Katoa, Kazuyoshi Shigeharaa, Kazufumi Nakashimaa, Masashi Iijimaa, Shohei Kawagushia, Takahiro
Noharaa, Kouji Izumia, Yoshifumi Kadonoa, Hiroyuki Konakab, Mikio Namikic and Atsushi Mizokamia

aDepartment of Integrative Cancer Therapy and Urology, Kanazawa University Graduate School of Medical Science, Kanazawa, Japan;
bDepartment of Urology, Kanazawa Red Cross Hospital, Kanazawa, Japan; cDepartment of Urology, Hasegawa Hospital,
Toyama, Japan

ABSTRACT
Objective: This study investigated the efficacy of 5-year testosterone replacement therapy (TRT)
on lipid profile and glucose tolerance in Japanese hypogonadal men.
Methods: Fourteen patients, who received continuous TRT for 5 years, and 22 controls with 5-
year observations were enrolled. The patients in the TRT group had received intramuscular injec-
tions of testosterone enanthate (250mg) every month for 5 years. We collected the following
data: blood pressure, fasting blood sugar (FBS), hemoglobin A1c (HbA1c), total cholesterol, tri-
glyceride (TG), high density lipoprotein-Chol values, and prostate specific antigen (PSA) level at
baseline, 1-, 3-, and 5-years from initial intervention. These data were compared between the
two groups.
Results: There were no statistically significant differences in any other baseline characteristic,
excluding SBP, between the two groups. FBS was significantly improved at 3- and 5-year visits
in the TRT group compared to the control group. Furthermore, the HbA1c level and TG value
demonstrated a significant decrease at 1-, 3-, and 5-years in the TRT group. However, no signifi-
cant difference in changes to PSA levels from baseline in both groups was observed.
Conclusions: Five-year TRT could improve FBS, HbA1c, and TG levels among Japanese hypo-
gonadal men with no significant increase in PSA.
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Introduction

Late-onset hypogonadism (LOH) syndrome presents as
various clinical conditions caused by decreasing levels
of testosterone in elderly men [1,2]. Testosterone
replacement therapy (TRT) has become widely used
for the treatment of this syndrome in order to main-
tain quality of life (QOL) [3–5]. Clinical symptoms
include metabolic syndrome, which presents as vis-
ceral obesity, hypertension, diabetes mellitus, and dys-
lipidemia [6,7], and are considered to be a potential
risk for cardiovascular disease and cerebral apoplexy.
Recent studies have reported success in using TRT to
improve these metabolic factors [4,5,8].

Recently, we conducted a randomized controlled
trial (RCT; the EARTH study) to investigate the 1-year
effect of TRT on the physical and mental health of
hypogonadal men in Japan [9]. The EARTH study indi-
cated that 1 year of TRT contributed to decreases in

waist circumference and serum triglyceride (TG) levels,
but did not result in improvement in blood pressure,
glycemic control, total cholesterol (T-Chol) levels, or
high density lipoprotein (HDL)-Chol values.

Metabolic syndrome, which is a lifestyle-related dis-
ease, is a lifelong disorder correlated with decreased
QOL, fatal diseases, and mortality for elderly men.
Long-term care might be required for the manage-
ment of metabolic syndrome. Hence, providing TRT to
hypogonadal men is an approach for managing meta-
bolic syndrome and should be continued long-term.
Indeed, a recommendation by the International
Society for the Study of the Aging Male suggests that
men with LOH syndrome should be subject to lifelong
monitoring, and long-term TRT is required to achieve
maximum QOL benefits [1,2]. However, information
about the efficacy of long-term TRT for hypogonadal
men is limited. Therefore, we investigated the effects
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of 5-year TRT on lipid profile and glucose tolerance in
Japanese men with LOH syndrome.

Patients and methods

Study patients

Patients (n¼ 14) who had received continuous TRT for
4 years following the end of the EARTH study were
enrolled (Figure 1). In addition, 22 patients who had
undergone observations over 4 years in our hospital
were included as controls from the EARTH study.

A biochemical diagnosis of hypogonadism was
based on the Japanese criteria of a free testosterone
(FT) level �11.8 pg/mL [10]. FT was measured by
radioimmunoassay using a DPC Free Testosterone kit
(Mitsubishi Kagaku Iatron) in serum collected between
9:00 and 11:00 h at the screening visit for the EARTH
study. Exclusion criteria were based on those for the
EARTH study. Patients who had been administered a
dutasteride, finasteride, anti-androgen agent, or any
testosterone supplement during the trial were
excluded. The study protocol was approved by the
Kanazawa University Hospital Institutional Review
Board and all patients gave written informed written
consent before participation in the EARTH study.

Study protocol

We collected the following data from the EARTH study
database: systolic blood pressure (SBP), diastolic blood
pressure (DBP), fasting blood sugar (FBS), hemoglobin
A1c (HbA1c), T-Chol, TG, HDL-Chol values, and pros-
tate specific antigen (PSA) level at baseline and the 1-
year visit. In addition, we retrospectively collected
these parameters at 3- and 5-year intervals after the
initial intervention of the EARTH study. These data
were compared between the TRT and control groups.

The patients who were assigned to the TRT group
had received intramuscular injections of testosterone
enanthate (250mg; Enarmon DepotTM, ASKA
Pharmaceutical Co., Ltd., Tokyo, Japan) every month
for 5 years. The control group received no testosterone
treatment during this trial.

Statistical analysis

The background data from each group were com-
pared using the Mann–Whitney test. Changes in each
parameter from baseline were evaluated using the
Mann–Whitney test with Bonferroni correction to ana-
lyze the efficacy of 5-year TRT. For each group, fluctua-
tions in levels of PSA were compared by Wilcoxon t-
test with Bonferroni correction; and variations in each
parameter from baseline were evaluated using the
Mann–Whitney test with Bonferroni correction. All stat-
istical analyses were performed using SPSSTM version
22 (SPSS Inc., Chicago, IL, USA). In all analyses, p< .05
was considered statistically significant.

Results

The mean ages (±standard deviation [SD]) of patients
in the TRT and control groups were 62.6 ± 7.8 and
66.1 ± 8.4 years, respectively (Table 1). The mean (SD)
FT values in the TRT and control groups were
7.90 ± 1.91 and 7.30 ± 1.92 pg/dl, respectively. In the
data available from the background patients, SBP was
significantly higher in the control than TRT group
(122 ± 10 vs. 135 ± 17mmHg, p¼ .0171). There were no
statistically significant differences in any other baseline
characteristics between the two groups.

Comparison of the changes in each parameter in
both groups showed that variations from baseline to
3- and 5-years in FBS value were significantly
decreased in the TRT group compared with the con-
trol group (Figure 2). Furthermore, there were

Figure 1. Flowchart of subjects enrolled from the EARTH study. TRT: testosterone replacement therapy.
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significant decreases in HbA1c level and TG value at
the 1-, 3-, and 5-year visits in the TRT group. No sig-
nificant alterations from baseline in measures of SBP,
DBP, T-Chol, and HDL-Chol were seen at each visit in
either group. The level of PSA did not significantly
vary between each visit in the TRT group. The level of
PSA was significantly higher in the control group, but
within the normal reference range, and there were no
significant changes in level of PSA from baseline
between the two groups (Figure 3). No patients were
given a diagnosis of prostate cancer or had worsening
voiding symptoms.

Discussion

This is the first longitudinal study undertaken to inves-
tigate the efficacy of 5-year TRT on lipid profile and
glucose tolerance in Japanese men. In addition, this is
a case control study comprising patients receiving TRT
and controls who had been randomly assigned in the

EARTH study. This study demonstrates that 5-year TRT
may contribute to significant improvement in FBS
value, HbA1c level, and TG value among Japanese
hypogonadal men.

It is widely accepted that various metabolic factors,
such as obesity, hypertension, dyslipidemia, and insu-
lin resistance, are associated with testosterone defi-
ciency [4,6,7]. In addition, some previous longitudinal
studies have demonstrated the prospective association
of testosterone deficiency with the incidence of vari-
ous lifestyle-related diseases. Men with testosterone
levels in the lower quarter of the measured range are
likely to have an approximate 2-fold higher risk of
developing metabolic syndrome and diabetes than
other men [10–12]. One previous study described low
levels of testosterone as being significantly correlated
with increases of intra-abdominal fat and visceral
obesity after 7 years [10]. Another longitudinal study
that included 702 middle-aged men with 11 years of
follow-up found that lower total testosterone resulted

Table 1. Comparisons of background characteristics in TRT and control groups.
Variables TRT group (n¼ 14) Control group (n¼ 22) p value

Age (year) 62.6 ± 7.8 66.1 ± 8.4 .142
Free testosterone (pg/ml) 7.90 ± 1.91 7.30 ± 1.92 .224
Systolic blood pressure (mmHg) 122 ± 10 135 ± 17 .0171
Diastolic blood pressure (mmHg) 76 ± 11 77 ± 10 .444
FBS (mg/dl) 136.4 ± 49.7 135.0 ± 39.0 .436
HbA1c (%) 5.96 ± 0.79 6.00 ± 0.96 .349
Tchol (mg/dl) 183.7 ± 25.8 180 ± 29.5 .330
TG (mg/dl) 131.9 ± 60.1 120.6 ± 61.2 .182
HDL-chol (mg/dl) 50.1 ± 9.4 52.8 ± 14.4 .230
PSA (ng/ml) 0.722 ± 0.381 1.016 ± 0.585 .0591

TRT: testosterone replacement therapy; FBS: fasting blood sugar; HbA1c: hemoglobin A1c Tchol:
total cholesterol; TG: triglyceride; HDL-chol; high density lipoprotein-cholesterol PSA: prostate spe-
cific antigen.

Figure 2. Comparison of the changes in each parameter from baseline in TRT and control groups. Significant improvement in FBS
was observed at the 3- and 5-year visits. Moreover, the HbA1c level and TG value showed significant decreases at 1-, 3-, and 5-
years. Border line with blue (TRT group); Straight line with red (control group); � significant difference; SBP: systolic blood pres-
sure; DBP: diastolic blood pressure; FBS: fasting blood sugar; HbA1c: hemoglobin A1c; Tchol: total cholesterol; TG: triglyceride;
HDL-Chol: high density lipoprotein-cholesterol.

THE AGING MALE 3



in a risk of developing metabolic syndrome and dia-
betes mellitus, with odds ratios (OR) of 2.3 (95% CI;
1.5–3.4) and 2.3 (95% CI; 1.3–4.1), respectively [11]. A
Massachusetts population-based study that included a
random sample of 1156 men aged 40–70 years
revealed that low levels of testosterone resulted in a
risk of developing type 2 diabetes with an OR of 1.58
for a decrease of 1 SD in free testosterone [12].
Hypogonadism is significantly associated with future
development of several clinical conditions, which may
lead to fatality, and therefore long-term interventions
are likely to be required.

Many previous studies state that TRT can improve
body composition, metabolic parameters, and the
symptoms of metabolic syndrome in hypogonadal
men [1,2,4,5,8,13]. However, a consensus regarding the
period of time over which TRT should be administered
has not yet been reached. As described above, many
lifestyle-related diseases, including various metabolic
conditions, are lifelong and hence clinical interven-
tions are often required for the remainder of the
patient’s life. If TRT is offered to assist in the manage-
ment of these conditions, it should be provided
long-term.

Recent trials have supported the long-term use of
TRT to obtain beneficial effects for various metabolic
parameters and hypogonadal symptoms. Francomano
et al. reported that 5-year TRT with 1,000mg T-unde-
canoate injections every 12weeks in 20 hypogonadal
men contributed to a significant reduction in waist

circumference and improvements in glycemic control,
lipid profile, SBP, and DBP compared to 20 matched
non-TRT controls [14]. A separate longitudinal study
demonstrated that TRT given using parenteral T-unde-
canoate at 1,000mg every 12weeks for 60months
improved all metabolic parameters including T-Chol,
LDL-Chol, TG, HDL-Chol, SBP, DBP, FPG, and HbA1c in
255 men with mild symptoms of LOH [15].
Interestingly, that study also determined that C-react-
ive protein levels, which are known to predict cardio-
vascular events [16], decreased through the use of
TRT, suggesting that TRT could decrease the risk of
cardiovascular disease by improving various metabolic
factors. Another study of 185 hypogonadal men
declared that 4-year TRT showed benefits in glycemic
control, weight, waist circumference, and erectile func-
tion [17]. The results of the present study are likely to
be similar to those reported previously in confirming
that long-term TRT may also be beneficial for lipid
profile and glucose tolerance among Japanese hypo-
gonadal men.

In the present study, the fluctuations in levels of
PSA were within the normal range and there was no
significant difference in changes of PSA levels from
baseline between visits among the two groups. This
finding suggests that 5-year TRT may have no impact
on the level of PSA and is not associated with a risk of
developing of prostate cancer. A previous study dem-
onstrated that 5-year TRT resulted in a significant
increase in PSA levels within the normal range. This

Figure 3. Changes in PSA levels for TRT (blue) and control (red) groups. Mean levels of PSA in TRT and control groups at 1-, 3-,
and 5-years are indicated. In the control group, PSA levels showed a significant increase at each visit compared to the baseline
level (� significant changes, p< 0.05). However, the TRT group showed no significant change in PSA level at any visit (A). The
changes in PSA level from baseline in both groups were compared. There was no significant change in both groups (B).
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rise occurred within the first 12months of treatment
and remained stable for the rest of the study period
[14]. Another report demonstrated that 5-year TRT led
to a slight increase in PSA levels and prostate volume,
but not to increased risk of worsening urinary symp-
toms and incidence of prostate cancer [15]. Moreover,
safety and efficacy in delivering TRT at 12-week inter-
vals for a maximum of 11 years has recently been
reported [18]. Some recent studies suggest some
beneficial effects of TRT on urinary functions [19–21].
Therefore, long-term TRT is likely to be well tolerated
by patients and safe to use. However, in the EARTH
study, patients with a baseline PSA level of over
2.0 ng/ml or severe voiding symptoms were elimi-
nated; therefore, further studies that include patients
with various levels of PSA and voiding symptoms are
necessary to reach more definite conclusions regard-
ing the long-term safety of TRT among Japanese
hypogonadal men.

There are certain limitations to the present study.
First, this study comprised a small number of subjects.
Next, there is a population bias, especially in the TRT
group. As patients in the TRT group may have experi-
enced benefits from the therapy, they may have been
biased toward continuing the treatment for 5 years.
Additionally, many participants received other internal
medicine interventions and were administered with
treatments including antihypertensive drugs, lipid-low-
ering drugs, and anti-diabetic medications. Therefore,
some metabolic parameters may have been affected
by these biases. Moreover, patients receiving TRT
might have greater motivation to improve their meta-
bolic condition. However, the present report lacked
information about patient exercise and eating habits.
On the other hand, the study included subjects that
had been assigned at random to TRT and control
groups and comparisons between the two groups
strengthen our results. Further prospective random-
ized studies to include more participants and long-
term observations are required to corroborate the
results of this study.

In conclusion, 5-year TRT may improve FBS, HbA1c,
and TG levels among Japanese hypogonadal men with
no significant increase in PSA.
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