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Is Associated with Decreasing Waist Circumference
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Purpose: To describe the 4-year metabolic follow-up results from the BLAST studly.

Materials and Methods: Baseline hemoglobin A1c (HbATc), weight, and waist circumference (WC) data were recorded in
185 men recruited for the BLAST randomised controlled trial (RCT) and erectile function (EF) scores were also available in an
additional 48 men screened for the RCT. Intra/inter-group associations between these parameters and testosterone replace-
ment therapy (TRT) were assessed at 1) end of the RCT (30 weeks), 2) open-label phase (82 weeks), and 3) final assessment
via non-parametric statistics.

Results: Improvement in HbATc and weight at the end of the RCT and open-label phase in men on TRT was not maintained
long-term. The convergence in HbATc could have been due to incentivised care with HbATc targets. Interestingly those on
TRT at final assessment required fewer anti-diabetic agents. The weight increase in routine care may have been due to chang-
es in diabetes medication or an increase in lean muscle mass. WC continued to decrease in men on TRT indicating possible
reduction in visceral fat. Improvement in EF scores continued with long-term TRT, this was abolished when TRT was discon-
tinued.

Conclusions: This study hints at benefits in glycaemic control, weight and WC, and long-term RCTs studying mechanisms of
benefit and clinical outcomes are necessary. Our results also show that EF scores continued to improve with long-term TRT,
even beyond the 6 months that we previously reported in the BLAST RCT.
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INTRODUCTION symptoms, is prevalent in about 70% of men with
type 2 diabetes (T2DM) [1]. Testosterone replacement

Hypogonadism (HG), characterised by low serum therapy (TRT) has been associated with improved
total testosterone (T'T) levels (<12 nmol/L) and sexual dyslipidaemia, weight, body mass index (BMI), waist

Received: Jun 17,2018 Revised: Jun 21,2018 Accepted: Jun 25, 2018 Published online Sep 12, 2018

Correspondence to: Geoffrey Hackett https://orcid.org/0000-0003-2073-3001
Department of Urology, Good Hope Hospital, Heart of England Foundation Trust, Sutton Coldfield, West Midlands, B75 7RR UK.
Tel: +44-01214242000, Fax: +44-01214249548, E-mail: hackettgeoff@gmail.com

Copyright © 2020 Korean Society for Sexual Medicine and Andrology


https://orcid.org/0000-0003-2073-3001
https://orcid.org/0000-0003-2299-4133
http://crossmark.crossref.org/dialog/?doi=10.5534/wjmh.180052M&domain=pdf&date_stamp=2020-01-01

The World Journal of

men's aealtn

circumference (WC), visceral fat mass, lean muscle
mass, insulin levels, insulin resistance and inflamma-
tory markers in men with and without T2DM [2,3]. The
BLAST (Burntwood Lichfield Atherstone Sutton Tam-
worth) randomised controlled trial (RCT) carried out
by our research group studied the association between
TRT and changes in metabolic parameters and sexual
function over 30 weeks [4,5]. It was seen that hemoglo-
bin Alc (HbAlc), WC, and BMI improved at the end
of the study when concomitant treatments were not
altered. Erectile function (EF) was seen to improve in
men with baseline TT<8 nmol/L [6,7]. Since then we
followed-up the 857 men screened for the BLAST RCT
(mean follow-up of 3.8+1.2 years) and showed that all-
cause mortality was significantly and independently
reduced with TRT and phosphodiesterase 5-inhibitor
(PDESI) use, the analysis adjusted for age and statin
treatment [8,9].

In this analysis we aim to determine if the improve-
ments seen and reported after 30 weeks of TRT in the
BLAST RCT were maintained long-term when other
treatments were potentially altered. We describe the
effects of TRT over a mean 3.8 years of routine care
on 1) HbAlc, weight, and WC in 185 men with baseline
data taking part in the BLAST RCT, and 2) interna-
tional index of erectile function (IIEF) EF scores in the
above men as well as a further 48 men screened for
the BLAST RCT with documented baseline ITEF EF
scores.

MATERIALS AND METHODS

1. Patients and treatment

Eight hundred and fifty-seven men with T2DM from
patient registers of 5 English Midlands practices were
screened for TT and free testosterone (FT) during April
2007 to April 2009 as part of the BLAST RCT, a double
blind randomised placebo-controlled study designed
to investigate the effects of long acting testosterone
undecanoate (TU) (1,000 mg) on sexual function scores
and metabolic parameters [4,5]. The study included 199
men with TT<12 nmol/L or FT<0.25 nmol/L, with a con-
firmatory morning measurement taken in accordance
with European Association of Urology guidelines, after
a minimum of 2 weeks [10]. The 30 weeks of the RCT
was followed by a 52-week open-label extension period
with free TU provided. At that stage, a clinical decision
was made by the health care practitioner as to wheth-
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er TRT provided at NHS expense, was to be continued
or not. Between April to September 2014, data were
collected from the most recent diabetes attendance to
assess changes from baseline in the 857 men screened
for the BLAST RCT. Recruitment and study details of
the 199 patients who took part in the BLAST RCT are
shown in Fig. 1.

Inclusion criteria for the BLAST intervention study
were men aged 18 to 80 years with an initial finding
of either a TT (on 2 separate occasions) <12 nmol/L or
FT<0.18 nmol/L. with symptoms of HG defined by the
Ageing Male Symptom score. Exclusion criteria in-
cluded any past history of testosterone therapy, history
of prostate, breast or hepatic cancer, abnormal digital
rectal examination, severe symptoms of prostate hyper-
trophy or elevated prostate-specific antigen>4 ng/mL or
haematocrit>55%.

2. Study groups

The following men with data of weight, WC, HbAlc,
and IIEF EF scores (Table 1).

1) Patients taking part in the BLAST RCT, where data
on HbAlc, weight, and WC were available during the 30-
week trial period. All patients had TT<12 nmol/L (346
ng/dL) or FT<0.25 nmol/L (7.2 ng/dL). The randomised
groups were termed:

(1) Low testosterone/untreated

(2) Low testosterone/treated (further stratified af-
ter 82 weeks [open-label period] into low testosterone/
treated/stopped and low testosterone/treated/continu-
ous based on whether TRT was discontinued or not)

2) Patients screened for the BLAST study with
data on baseline EF scores obtained via IIEF EF ques-
tionnaires. This included the men taking part in the
BLAST RCT and 48 men (part of the BLAST screened
population) who had IIEF EF scores at baseline and at
other times during follow-up. The men were stratified
into the following groups:

(1) Low testosterone/untreated

(2) Low testosterone/treated (further stratified af-
ter 82 weeks [open-label period] into low testosterone/
treated/stopped and low testosterone/treated/continu-
ous based on whether TRT was discontinued or not)

3. Laboratory methods
Fasting morning TT was measured using the vali-

dated Roche common platform immunoassay. Serum
sex hormone-binding globulin was analysed using a
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Fig. 1. Patient recruitment for the BLAST randomised controlled trial (RCT). Of the 857 men screened 199 men took part in the BLAST RCT evalu-
ating changes in metabolic parameters and sexual function scores after 30 weeks of testosterone replacement therapy compared with placebo.
IIEF: international index of erectile function, TT: total testosterone, SHBG: sex hormone-binding globulin, HbA1c: hemoglobin A1c, PSA: prostate
specific antigen, T2DM: type 2 diabetes, FT: free testosterone, TU: testosterone undecanoate, P: placebo, T: testosterone.

Table 1. Baseline characteristics of the study group when classified by patient groups based on TRT

Baseline Low testosterone/ Low testosterone/ Low testosterone/ Low testosterone/
characteristic untreated treated treated/stopped treated/continuous
BLAST cohort: HbA1c, weight, and WC analyses
Total patient 99 86 48 38
Age (y) 61.9+9.4 61.7+£10.6 64.4+9.0 58.3+10.8
Follow-up (y) 4.00.7 3.9+1.0 4.1+0.8 3.6x1.3
HbA1c (%) 7.5+1.2 7.6x1.1 7.6x1.1 7.6+£1.4
Weight (kg) 100.4+17.8 100.2+18.8 96.6+18.6 104.7+£17.7
WC (cm) 113.6x12.9 114.4£12.6 112.4+11.8 116.9+£12.5
BLAST cohort+men with IIEF EF data: IIEF EF analyses
Total patient 110 123 53 70

IIEF EF

11.7/10 (2-20)

12.5/10 (4-22)

12.2/10 (4-20)

12.8/14 (5-24)

Values are presented as number only, mean+standard deviation, or mean/median (range).
TRT: testosterone replacement therapy, HbA1c: hemoglobin A1c, WC: waist circumference, IIEF: ational index of erectile function, EF: erectile function.

Roche Modular automated analyzer (Roche Diagnos-
tics, Burgess Hill, UK). FT was calculated using the
equations of Vermeulen et al [11]. HbAlc was measured
in whole blood using a Tosoh G7 ion exchange high
performance liquid chromatography analyzer (Tosoh
Bioscience Ltd., Redditch, UK) the method standard-
ized using International Federation of Clinical Chem-
istry reference material and the results were adjusted
to give derived National Glycohaemoglobin Standardi-
sation Programme units (%). All available laboratory
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data from the total cohort was obtained from primary
and secondary care databases.

4, Ethics statement

The BLAST RCT were approved by the West Mid-
lands Regional Ethics Committee (reference: 08/
H1208/30), the National Institute for Health Research
(Birmingham and the Black Country Comprehen-
sive Local Research Park—RM&G reference: 1268),
and Warwickshire Primary Care Trust (reference:
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WAR230909) with the long-term follow-up approved
as an audit by all the appropriate Primary Care Trust
Ethics Committees. The study is included in the Eu-
ropean Union Clinical Trials Register (EudraCT 2008-
000931-16) and conducted in accordance with the
revised guidelines of the World Medical Association
Declaration of Helsinki (https://www.wma.net/policies-
post/wma-declaration-of-helsinki-ethical-principles-for-
medical-research-involving-human-subjects/).

5. Statistics

Stata ver. 8 (StataCorp, College Station, TX, USA)
was used for statistical analyses with age, follow-up,
HbA1lc, weight, WC analysed via non-parametric tests
(sign-rank and rank-sum) in view of baseline values
not being normally distributed. Differences in the ITEF
EF scores were also analysed using non-parametric
tests due to the scores being ordinal. Differences in
drugs used for glycaemic control at final assessment
between the patient groups were checked by chi square
analysis.

Geoffrey Hackett, et al: Changes with Long-Term Testosterone Treatment I

RESULTS

Baseline age was similar in the low testosterone/
treated (mean age, 61.7 years) and low testosterone/
untreated (mean age, 61.9 years; p=0.67; rank-sum test)
men randomised in the BLAST RCT. No significant
difference in baseline age was observed with the ad-
dition of the 48 men with ITEF EF scores from the
BLAST screening programme (low testosterone/treated:
mean age, 61.2 years; low testosterone/untreated: mean
age, 624 years; p=0.12; rank-sum test). Follow-up was
similar in the groups randomised in the BLAST RCT
(low testosterone/treated: mean follow-up, 3.9 years;
low testosterone/untreated: mean follow-up, 4.0 years;
p=0.47; rank-sum test). Follow-up was significantly
different between the groups when the men from the
BLAST screening were included (low testosterone/
treated: mean follow-up, 3.4 years; low testosterone/
untreated: mean follow-up, 3.9 years; p=0.010; rank-sum
test).
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1. Analysis of hemoglobin Alc, weight, and

waist circumference

Fig. 2 shows the baseline HbAlc, and changes ob-
served during the follow-up. At the end of 30 weeks
(p=0.029, rank-sum test) and open-label phase (p=0.0048,
rank-sum test), HbAlc was lower in the low testos-
terone/treated men compared to the low testosterone/
untreated counterparts. Importantly, men in the low
testosterone/treated group saw significant reduction
HbA1c of 0.44% (p=0.0075, sign-rank test) at the end of
the open-label phase. However, at final assessment, fol-
lowing a period of guideline-based diabetes care in pri-
mary care, no difference in HbAlc was observed; either
within the low testosterone/untreated, low testosterone/
treated/stopped and low testosterone/treated/continu-
ous groups or between the low testosterone/untreated
and low testosterone/treated/continuous groups. Fig. 2
also shows that the number of drugs used to control di-
abetes in the patient groups at final assessment varied
(p<0.0001, chi-square). In the low testosterone/untreated
group 14.3%, 28.6%, 38.1%, and 17.1% of men were on 0, 1,
2, and >3 drugs, respectively. The corresponding figures
for the low testosterone/treated/stopped and low tes-
tosterone/treated/continuous groups were 12.8%, 41.0%,
25.6%, 20.5% and 48.8%, 41.5%, 4.9%, 4.9%, respectively.
Thus, fewer men in the low testosterone/treated/con-
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tinuous group were on >3 drugs for glycaemic control.

Fig. 3 shows significant reductions in weight in the
low testosterone/treated group at the end of 30 weeks
(p=0.0014, sign-rank test) and the open-label phase
(p=0.024, sign-rank test). Weight reduction was sig-
nificantly greater in the low testosterone/treated men
(p=0.006, rank-sum test) than their low testosterone/
untreated counterparts after 30 weeks, this signifi-
cance was lost at the end of the open-label phase. No
significant weight change was seen in the low testos-
terone/untreated men at any of the time points. At
final assessment no difference in weight was observed
within any of the individual groups (low testosterone/
untreated, low testosterone/treated/stopped and low
testosterone/treated/continuous) or between the low
testosterone/untreated and low testosterone/treated/
continuous groups.

A significant reduction in WC (p<0.0001, sign-rank
test) was observed in the low testosterone/treated men
after 30 weeks of treatment with TU and this was
significantly different (p=0.0007, rank-sum test) from
that seen in the low testosterone/untreated men (Fig. 4).
No change was seen in the Low testosterone/untreated
arm treated with placebo. Reduction in WC (p=0.0003,
sign-rank test) continued in the low testosterone/treat-
ed men during the open-label phase of the trial up to
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82 weeks. Interestingly, the low testosterone/untreated
men in the BLAST RCT showed a non-significant
decrease in WC after the 30-week trial period and a
significant decrease of 2.1 cm after the 82 weeks open-
label phase (p=0.030, sign-rank test). However, at final
assessment no change in WC was apparent in these
men. However, WC significantly decreased at final
assessment compared to baseline values in both the
low testosterone/treated/stopped (mean WC decrease,
4.0 cm; p=0.0043; sign-rank test) and low testosterone/
treated/continuous men (mean WC decrease, 6.0 cm;
p=0.018; sign-rank test).

2. Analysis of erectile function

We could not statistically study within-group ITEF
EF change in the low testosterone/untreated group
post open-label phase as EF data was not routinely
collected in primary care. Fig. 5 shows that IIEF EF
significantly improved in the low testosterone/treated
men during the BLAST RCT compared to the low tes-
tosterone/untreated men at 30 weeks (mean change,
+2.9; p=0.010; rank-sum test) and at the end of the
open-label phase (mean change, +4.9; p=0.020; rank-
sum test). Interestingly intra-group analysis of the low
testosterone/treated men showed significant improve-
ments at the end of the open-label phase (mean change,

+4.8; p=0.0044; sign-rank test). At the final assessment
IIEF EF was significantly higher (mean IIEF EF dif-
ference, 8.6; p<0.0001; sign-rank test) in the 32 men who
continued TRT (low testosterone/treated/continuous).
Further, change in IIEF EF was significantly improved
in the 32 men continued TRT compared to the 11 men
in whom the TRT was discontinued (p=0.0012, rank-
sum test). The significant increase in ITEF EF in the
low testosterone/treated/continuous men appeared
independent of PDESI use; mean IIEF EF increase in
the 20 men on TRT and PDES5I (9.1 [p=0.0001, sign-rank
test]), mean IIEF EF increase in the 12 men on TRT,
but not on PDESI (7.7 [p=0.021, sign-rank test]). Con-
trastingly no significant change was observed in the 11
men in whom TRT was discontinued (low testosterone/
treated/stopped).

3. Adverse events

We investigated adverse events in the 637 men
screened for the BLAST RCT with TT<12 nmol/L or
FT<0.18 nmol/L. There was no apparent difference in
non-fatal Major Adverse Cardiac Events between the
groups; 26 (19.8/1,000 years) and 10 (15.2/1,000 years)
events in low testosterone/untreated and low testos-
terone/treated groups, respectively. Similarly prostate-
related outcomes were low and similar in the screened
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groups; 10 in low testosterone/untreated (7.6/1,000
years) and 4 in low testosterone/treated (6.1/1,000
years).

DISCUSSION

This is the first longitudinal long-term study (mean
follow-up, 3.8 years) to describe the effect of TRT in
men with T2DM undergoing routine primary care
management of glycaemic control. Published data from
registry studies with up to 8 years of TRT suggest pro-
gressive weight loss, BMI and WC reduction with im-
proved glycaemic control in men with T2DM or pre-di-
abetes [2,3]. We were unable to wholly confirm all these
findings at final assessment following routine care,
although at the end of the open-label phase significant
reductions in HbAlc, weight, and WC were observed.

Several studies have considered the impact of testos-
terone therapy on metabolism. Conclusions from meta-
analyses of RCTs are that TRT improves lean muscle
mass and moderately lowers insulin resistance [12,13].
Effects on HbAlc are variable, but some studies have
reported benefit in men with poorly controlled diabetes
[5]. Results appear improved when therapy was com-
bined with appropriate diet and lifestyle intervention
[14]. Variable results in lipid profiles have been demon-
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strated [12,13]. Similarly, some studies have shown re-
duction in inflammatory markers with others showing
little or no change [13,15]. Interestingly some long term
longitudinal studies for up to 10 years from a single
centre have shown improvements in WC, BMI, and
HbAlc [2,3].

Instead of providing clarification, meta-analyses
have led to confusion possibly due to clustering of tri-
als with differing duration and inclusion criteria [12,16].
Although RCTs could be considered to provide robust
high-level evidence, many were of short duration, often
between 12 to 26 weeks (mean, 34 weeks) [16]. Further,
considerable heterogeneity in trial populations and
treatment formulations existed [17,18].

In our study there are possible reasons for the ini-
tial HbAlc decrease not being maintained at long-
term follow-up. T2DM is a progressive pathology [19]
and over the follow-up any within-group improvement
could be lost. Further, the care of diabetes in primary
care is target driven and incentivised in England [20].
It is possible that the trend in HbAlc that we observed
might be the result of ‘target driven’ treatment, where
patients with HbAlc above target were treated actively
whereas those below the target were left alone until
their levels crossed the target. Thus, both groups could
be expected to converge. This phenomenon was ob-
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served in a longitudinal study by Clarke et al [21] when
patients with diabetes were followed-up over 9 years
of target driven care. This phenomenon is important
for long-term interventional studies conducted within
a ‘target driven’ health care system. Our findings hint
that men continued TRT required fewer drugs to con-
trol diabetes, this potentially could have a significant
impact on healthcare.

Our data shows that weight appeared to fall signifi-
cantly in the men on TRT until the end of the open-
label phase, this being followed by a rise. Once again
there are many possible reasons. Many agents used to
treat T2DM are associated with weight gain; sulpho-
nylureas, thiazolidinediones, and insulin. Although
we had data on therapeutic agents the patients were
prescribed at final assessment, treatment duration and
baseline therapy were unavailable. It could be that
measurement of weight and BMI miss the more sig-
nificant improvement in lean muscle mass associated
with increased muscle strength, physical fitness and
reduced frailty [22]. Frailty, defined as “an age-related
state of vulnerable health with a serious impact on
physical dependence and quality of life” was strongly
related to increased mortality and hospital admission
[23]. The gathering evidence has led to the American
College of Endocrinology recommending testosterone
measurement in all men with T2DM, BMI>30 cm/
kg’ or WC>102 cm [24]. Further, the recent American
Urology Association Guidelines (2018) [25] recommends
testosterone measurement in men with either T2DM or
erectile dysfunction, adding that men with low testos-
terone be warned that they are at increased cardiovas-
cular risk. In contrast the guidelines of the Endocrine
Society (2018) [15] do not recommend screening of these
groups or informing them that they may be of higher
cardiovascular risk.

Significant reduction in WC was observed in men
commenced on TRT. Fig. 4 hints that when TRT was
discontinued the reduction in WC ceases. This is an
important finding as central obesity is a major driver
of the metabolic syndrome [26]. Thus, it is best to con-
sider changes in weight and WC together. Studies have
indicated that TRT is associated with a reduction in
visceral fat and increase in lean muscle mass [12,14].
The testosterone trial confirmed positive benefits from
TRT in terms of walking distance, physical function,
mood and vitality, all of which might result in frailty
in ageing men [27]. Further, a meta-analysis by Corona
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et al [13] involving 59 RCTs involving 3,029 treated
and 2,049 controls men concluded that TRT was associ-
ated with reduced fat mass and increased lean muscle
mass. They also suggested that TRT improved insulin
resistance and glycaemic control, this association more
marked in men with metabolic diseases.

There have been suggestions that the initial ap-
proach in obese men with HG should be weight loss
strategies rather than TRT [12]. A recent double blind
RCT found that, in such men, intensive diet and exer-
cise combined with placebo reduced both fat and lean
mass, whereas in the testosterone group, the weight
loss was almost exclusively body fat [14]. Overall
weight and BMI reduction was similar in both groups,
but men treated with testosterone markedly increased
their physical activity and grip strength. These find-
ings alone suggest that TRT may play an important
part in preservation of lean muscle mass, contributing
to reduced frailty and improved metabolic health.

The progressive improvement in EF at final visit
(nearly 4 years), independent of PDESI use is perhaps
the finding that has greatest practical benefit, sug-
gesting that guidelines recommending short duration
TRT would result in sub-optimal benefit [28]. It was
also suggested that PDE5SI and not TRT should be the
front-line treatment in men with erectile dysfunction
[27]. There is a case for combining both agents due to
the benefit on EF being independent. Further, this
independence extended to reduced all-cause mortality
[89]. We previously reported that the benefits in EF fol-
lowing TRT were seen almost exclusively in men with
baseline TT levels<8 nmol/L or FT<0.18 nmol/L [6,7],
although patient numbers prohibited us from analys-
ing this sub-group separately in this paper. A recent
meta-analysis by Ponce et al [29] concluded that TRT
improved sexual desire, EF, sexual satisfaction but in-
creased erythrocytosis. However, there have been other
studies demonstrating inconclusive results. Some of
these have included a majority of men with minimally
reduced testosterone levels with short-term follow-up
[12]. Perhaps these variable results were due to a fail-
ure to appreciate the threshold for symptoms and signs
of HG described by Zitzmann et al [30] or the impor-
tance of treatment duration. It 1s important that meta-
analyses should stratify their cohort by such factors
influencing outcomes.
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Strengths and limitations

This study is a long-term follow-up of the BLAST
RCT/screened population which demonstrated impor-
tant findings during the RCT. The strengths of the
long-term findings are that they represent what can
be expected in routine care as opposed to the controlled
RCT scenario which cannot be expected to continue
long-term. However, there are study limitations stem-
ming from the transition from RCT to routine care.
There were considerable data missing, this could have
been due to data not being recorded or patient care be-
ing transferred to other primary care practices. Thus,
bias could have been introduced at the final assess-
ment. We would have also wished to have good quality
data on baseline treatment and duration of diabetes.
Regardless our findings appear consistent with back-
ground data and the findings of the preceding RCT.

CONCLUSIONS

Our study provides some interesting findings, al-
though adequately powered, long-term prospective con-
firmatory studies are required. It would be interesting
to see if our finding of fewer agents needed to achieve
HbAlc targets in men on TRT is confirmed. Further,
the relationship between weight and WC changes must
be investigated mechanistically as it could reflect im-
provement in lean muscle mass and visceral fat. Our
findings also clearly demonstrate that improvement
in EF continues long-term and premature cessation of
TRT in men without adverse effects must be avoided
in both routine care and RCTs.
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