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Background: Testosterone treatment in obese dieting men augments the diet-associated loss 34 

of fat mass, but protects against loss of lean mass. We assessed whether body composition 35 

changes are maintained following withdrawal of testosterone treatment. 36 

Methods: We conducted a pre-specified double-blind randomised placebo-controlled 37 

observational follow-up study of a randomized controlled trial (RCT). Participants were men 38 

with baseline obesity (body mass index >30kg/m2) and a repeated total testosterone level 39 

<12nmol/L, previously enrolled in a 56-week testosterone-treatment trial combined with a 40 

weight loss program. Main outcome measures were mean adjusted differences (MAD) (95% 41 

confidence interval), in body composition between testosterone and placebo-treated men at 42 

the end of the observation period.   43 

Results: Of the 100 randomised men, 82 completed the RCT, and 64 the subsequent 44 

observational study. Median [IQR] observation time after completion of the RCT was 82 45 

weeks [74; 90] in men previously receiving testosterone (cases) and 81 weeks [67; 91] in men 46 

previously receiving placebo (controls), p=0.51. At the end of the RCT, while losing similar 47 

amounts of weight, cases had, compared to controls, lost more fat mass, MAD -2.9kg (-5.7, -48 

0.2), p=0.04, but had lost less lean mass MAD 3.4kg (1.3, 5.5), p=0.002. At end of the 49 

observation period, the former between group differences in fat mass, MAD -0.8kg,  (-3.6, 50 

2.0), p=1.0, in lean mass, MAD -1.3kg (-3.0, 0.5), p=0.39, and in appendicular lean mass, 51 

MAD -0.1kg/m2 (-0.3, 0.1), p=0.45, were no longer apparent. During observation, cases lost 52 

more lean mass, MAD -3.7kg (-5.5, -1.9), p=0.0005 and appendicular lean mass, MAD -53 

0.5kg/m2 (-0.8, -0.3), p<0.0001 compared to controls. 54 

Conclusions: The favourable effects of testosterone on body composition in men subjected to 55 

a concomitant weight loss program were not maintained at 82 weeks after testosterone 56 

treatment cessation.  57 

While dietary measures are first line treatments of obesity, weight loss achieved with caloric 59 

restriction is modest, and difficult to sustain in the long term 

Introduction 58 

1. In addition, the beneficial 60 

effects of dieting on reducing body fat are mitigated by a concomitant loss of muscle mass. 61 

Exercise interventions attenuate, but do not fully prevent this diet-associated loss of muscle 62 

mass: a systematic review of interventional studies concluded that the addition of exercise to 63 

caloric restriction reduced the loss of muscle mass by only 50% 2

 65 

. 64 

In men, testosterone treatment increases lean body mass and reduces fat mass 3, 4. We recently 66 

conducted a 56 week placebo controlled randomised controlled trial (RCT) of testosterone 67 
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treatment among obese men with a lowered testosterone level but no evidence of pathological 68 

androgen deficiency due to pituitary or testicular disease 5. All participants were subjected to 69 

a rigorous weight loss program. As expected, men receiving placebo lost both fat mass and 70 

lean mass during diet. In contrast, testosterone treatment prevented the diet-associated loss of 71 

lean mass, and the weight loss among testosterone treated men was almost exclusively due to 72 

loss of fat mass 5

 74 

.    73 

The long term risks of testosterone treatment in men without recognisable medical disease of 75 

the hypothalamic-pituitary-gonadal axis are unknown. While not powered for safety, short 76 

term (< 12 months) testosterone treatment trials have generally not demonstrated a consistent 77 

increase in clinically important adverse events. In the 12-month Testosterone Trials, the rates 78 

of adverse events in carefully selected men were similar in the testosterone and placebo-79 

treated men 6. A meta-analysis of smaller mostly short term testosterone RCTs of medium to 80 

low quality reported an increase in haemoglobin and haematocrit and a small decrease in 81 

high-density lipoprotein cholesterol with testosterone treatment 7. These findings were 82 

considered to be of unknown clinical significance. Similarly, although controversial due to 83 

lack of definitive data, there is no evidence that short term testosterone treatment, especially 84 

when administered by the intramuscular or transdermal route, increases cardiovascular risk 8-
85 

10

 87 

. 86 

Given the current evidence supporting potential benefits of short term testosterone treatment 88 

on some outcome measures such as sexual function 6 body composition and bone mineral 89 

density 3, 4, yet the absence of long term safety data, the question arises whether benefits of 90 

testosterone treatment might be sustained after stopping testosterone administration. In 91 

addition, it is not well established whether cessation of physiologically-dosed testosterone 92 

treatment is associated with long term iatrogenic suppression of the hypothalamic-pituitary-93 

testicular (HPT) axis, which could potentially be harmful. We therefore conducted an 94 

observational follow-up study of a recently completed RCT 5

 100 

 to investigate whether the 95 

effects of testosterone treatment on body composition in obese men were sustained after at 96 

least 12 months of treatment cessation. We also evaluated whether testosterone treatment is 97 

associated with prolonged iatrogenic suppression of the HPT axis, and whether potentially 98 

adverse effects of testosterone treatment are maintained. 99 

Materials and Methods 101 
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This study reports the post-trial follow-up phase of a 56-week RCT designed to assess the 103 

effects of testosterone treatment on body composition added to a rigorous weight loss 104 

program, reported in detail previously 

Design Overview 102 

5. Briefly, 100 obese (body mass index (BMI) 105 

>30kg/m2) men with a repeated fasting morning total testosterone level of <12 nmol/L 106 

confirmed by liquid chromatography/mass spectrometry were 1:1 randomized to 1000mg 107 

intramuscular testosterone undecanoate treatment or matching placebo, administered for 56 108 

weeks according to standard schedule. In addition, all subjects received a very low energy 109 

diet for 10 weeks followed by a 46 weeks weight maintenance diet 5

 116 

. At the 56-week final 110 

study visit of the RCT phase, whilst both study investigators and participants remained 111 

blinded to treatment allocation, all men were encouraged to continue with dieting and 112 

exercise and were invited to attend for a single follow-up appointment at the Austin Hospital 113 

Andrology Research Unit after at least 12 months following completion of the RCT for 114 

assessment of body composition and hormonal studies. 115 

The original RCT protocol (HREC 2012/04495) and the observational follow-up study 117 

(LNR/16/Austin/61) reported here were approved by the local ethics committee. Each 118 

participant provided written informed consent. 119 

 120 

The primary outcome of the RCT was the change in fat mass 

Main Outcome Measures  121 

5. The main pre-specified 122 

exploratory outcome measures of this observational follow-up study were the changes in fat 123 

mass, lean mass, appendicular lean mass and body weight after at least 12 months from 124 

testosterone treatment cessation.  Other outcome measures included laboratory studies, drawn 125 

in the morning (8am-10am), in the fasted state. All follow-up measurements were conducted 126 

at the study center with the same methodology used during the RCT phase of the study. 127 

Briefly, levels of haemoglobin, haematocrit, prostate specific antigen (PSA), luteinizing 128 

hormone (LH), sex hormone binding globulin and total testosterone were determined by 129 

electrochemiluminescence immunoassay and free testosterone calculated as described 130 

previously 5.  Body composition was quantified by dual energy absorptiometry (Prodigy, 131 

Version 13.60; GE Lunar, Madison, WI, USA) 5.   132 

Data shown are mean (standard deviation) or median [IQR], according to normality testing 134 

using the Kolmogorov-Smirnov test with Lilliefors correction. Comparison of baseline 135 

Statistical Methods 133 
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characteristics was based on Welch’s t-test for normally distributed parameters. Alternatively, 136 

Wilcoxon rank-sum test was used in case of non-normal distribution. Correlations were based 137 

on Kendall's Tau rank test. 138 

 139 

Changes in the outcomes between cases and controls over the follow-up visits were analysed 140 

using a linear mixed model with restricted maximum likelihood estimator. The model 141 

included random intercepts per subject, and as fixed variables the baseline levels of the 142 

respective outcome variable, four time points (at 0, 10 and 56 weeks and at the end of follow-143 

up), group (placebo and testosterone), and the interaction of time point x group. The latter 144 

represents the measure of interest (between-group change over time), which was 145 

quantitatively expressed as mean adjusted difference (MAD) surrounded by the profiled 95% 146 

confidence interval. P values for the change from baseline to end of observation and week 56 147 

week to end of observation were conventionally adjusted for multiple testing by Holm-148 

Bonferroni method. In addition to the main analysis following the intention-to-treat (ITT) 149 

principle, we performed a sensitivity analysis per protocol including only those participants 150 

who completed the observation follow-up period. All tests were two-tailed with p<0.05 151 

denoting statistical significance. Analyses were conducted using R version 3.3.2 for Mac, 152 

effects 3.1-2, phia 0.2-1 and lme4 package 1.1-12 11, 12

 154 

.  153 

MNTF was supported by a postgraduate scholarship (1055305) and MG by a Career 156 

Development Fellowship (1024139) both from the National Health and Medical Research 157 

Council (Australia). Bayer Pharma AG (Berlin, Germany) provided testosterone, placebo and 158 

financial support to conduct investigations during the RCT phase, but did not provide funding 159 

for this observational follow-up study. Bayer Pharma AG had no role in trial design, data 160 

analysis or writing the manuscript. 161 

Role of the Funding Sources 155 

 162 

Results 163 

Patient recruitment and retention during the 56 week of this RCT has been prescribed 165 

previously and is shown in supplementary Figure 1. During the follow-up phase (from week 166 

56 to the end of the observation period), 18 of the 82 RCT completers withdrew from the 167 

study, including one participant receiving testosterone treatment. The low number of 168 

testosterone initiation during the follow-up phase is expected given restrictions on 169 
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testosterone prescribing for men without pathological androgen deficiency in Australia 13. 170 

Thus 64 of the 100 participants originally randomised were available for a follow-up visit 171 

(Supplementary Figure 1). No participant received weight altering medications including 172 

glucocorticoids, insulin, glucacon like peptide-1 analogs during the follow-up phase or was 173 

subjected to bariatric surgery. Baseline characteristics were comparable between the groups 5

 177 

, 174 

and did not differ in participants completing the trial compared to the entire randomised 175 

cohort Table 1.  176 

The median [IQR] post-RCT observation time in those who completed the observational 178 

follow-up phase of the study was 82 [74; 90] weeks in cases and 81 [67; 91] weeks in 179 

controls, p=0.51.   180 

 181 

 182 

By the end of the observational follow-up phase, the testosterone levels that had been 184 

increased in cases during the RCT phase decreased to levels similar to baseline, and the 185 

previous significant difference in total testosterone levels in cases compared to controls was 186 

no longer apparent at trial end, MAD -0.4 nmol/L (-2.5, 1.7), p=0.71 (Figure 1a, Table 2). 187 

Findings for calculated free testosterone were similar (Figure 1b, Table 2). LH levels, which 188 

had been suppressed in cases during the RCT phase, had, at the end of the observation phase, 189 

increased to levels similar to baseline and slightly higher than those of controls, MAD 1.4 190 

IU/L (0.3, 2.4), p=0.026 (Figure 1c, Table 2).  191 

Hormone Levels 183 

 192 

During the RCT phase, both cases (-11.4 kg (-13.9, -8.8)) and controls (-10.9kg (-13.6, -8.1) 194 

had lost significant amounts of body weight, with no difference between cases and controls at 195 

the end of the 56-week RCT, MAD -0.5 kg (-4.3, 3.3), p=0.80 

Body composition 193 

5. However, whilst controls 196 

lost both lean mass (-4.0kg (-5.5, -2.5)) and fat mass (-2.9 kg (-4.3, -1.6)), cases lost almost 197 

exclusively fat mass (-5.7kg (-6.9, -4.5)), and lean mass loss was prevented (-0.6kg (-2.0, 198 

0.8)) 5.  At the end of the observational follow-up phase, both cases and controls had regained 199 

body weight, with no between group difference, MAD -1.5 kg (-5.3, 2.3), p=1.0 (Figure 2a, 200 

Table 2).  While cases had lost more fat mass during the RCT compared to controls, MAD  201 

-2.8kg (-4.6, -1.0), p=0.003 at RCT end 5, both cases and controls regained fat mass during 202 

the observation period. At the end of the observation period, the former difference in fat mass 203 
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between cases and controls was no longer apparent, MAD -0.8 kg (-3.6, 2.0), p=1.0 (Figure 204 

2b, Table 2). Similarly, although controls had lost more lean mass during the RCT (MAD at 205 

56 weeks 3.4kg (1.3, 5.5), p=0.002) 5

 216 

, during follow-up cases lost more lean mass than 206 

controls, MAD -3.7 kg (-5.5, -1.9), p=0.0005, and at the end of the observational follow-up 207 

period, the difference in lean mass was no longer significant MAD -1.3 kg, (-3.0, 0.5), p=0.39 208 

(Figure 2c, Table 2). Findings were similar for appendicular lean mass (Figure 2d, Table 2). 209 

Figure 2e shows the lean mass to fat mass ratio as an integrated parameter of the body 210 

composition changes during the RCT and the observational follow-up phase. While this ratio 211 

had increased in cases at the end of the RCT (p<0.0007), compared to controls, this 212 

difference was not sustained, and at the end of the observation period, it had declined 213 

significantly (p=0.0012), and was no longer increased (p=0.82). By contrast, the lean mass to 214 

fat mass ratio remained similar in controls throughout the study (Figure 2e).    215 

During the RCT phase, both haemoglobin (MAD 15 g/L (12-19), p<0.001) and haematocrit 218 

(MAD 0.04 (0.03-0.05), p<0.001) increased significantly following 56 weeks of testosterone 219 

treatment 

Safety outcomes 217 

5

  229 

.  During the observation period both parameters declined in cases, (MAD -12 g/L 220 

(-16, -9), p<0.0001 for haemoglobin and MAD -0.04 (-0.05, -0.03) p<0.0001 for haematocrit) 221 

to levels similar to baseline, with no difference compared to controls (MAD 3 g/L (0, 7), 222 

p=0.09 for haemoglobin and MAD 0.01 (0, 0.02) p=0.16 for haematocrit)  (Figure 3a and 3b, 223 

Table 2).  During the RCT phase, there were no differences in PSA levels between cases and 224 

controls. At the end of the observation period, one case and one control patient had a PSA 225 

level increase by 1.0 μg/L or more compared to prerandomisation levels, but no participant 226 

had a PSA level above the upper limit of the reference range. PSA levels were similar 227 

between groups at study end (Figure 3c, Table 2). 228 

Outcomes were unchanged after performing a per protocol analysis (Supplementary Table 1), 231 

including only those men who completed the observation period, except for LH which was of 232 

borderline significance (p=0.026) at the end of the follow-up period compared to baseline, 233 

was no longer significant (p=0.13) in the per protocol analysis. 234 

Sensitivity analysis 230 

 235 

Discussion 236 
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In this observational double blind and placebo-controlled follow-up study of a 56 week RCT 237 

of testosterone treatment in dieting obese men, the benefits of testosterone on body 238 

composition were not maintained when assessed after at least 12 months of testosterone 239 

treatment cessation. In addition, there was no evidence that previous testosterone treatment 240 

led to sustained iatrogenic suppression of the HPT axis, nor was it associated with persisting 241 

changes in haematological and prostate safety parameters.  242 

 243 

Whether the effects of testosterone treatment persist after treatment cessation has not been 244 

well documented previously. Most data come from uncontrolled observational studies and the 245 

findings have been equivocal. A small survey in 33 Japanese men reported that subjective 246 

quality of live benefits were maintained several years after cessation of testosterone treatment 247 

14. An observational study in 24 obese men receiving testosterone treatment for 54 weeks 248 

reported that 24 weeks after testosterone withdrawal, testosterone effects on fat mass were 249 

maintained, but effects on lean mass were not 15. In a larger uncontrolled observational cohort 250 

of 147 middle aged and older men previously treated with long term testosterone for a mean 251 

duration of more than 5 years, cessation of testosterone treatment for a mean of 16.9 months 252 

was associated with weight gain, increased waist circumference and an increase in glucose 253 

and lipid parameters 16. There has been, to our knowledge, only one controlled study that has 254 

assessed the durability of testosterone treatment effects. That study assessed the durability of 255 

shorter term (6 months) testosterone treatment effects 6 months after treatment cessation, in 256 

different population compared to our cohort 17. In that study of intermediate-frail or frail men 257 

older than 65 years with a baseline circulating total testosterone of <12 nmol/L, the effects of 258 

testosterone treatment on the main RCT outcomes of muscle strength, lean mass and quality 259 

of life were not maintained at reassessment 6 months after completion of the RCT 17

 264 

. Our 260 

study is consistent with these findings, and extends the evidence to middle-aged obese men 261 

with a substantially lower baseline testosterone of 7 nmol/L who were additionally subjected 262 

to a rigorous weight loss program, with a longer observational follow-up.  263 

The mechanisms by which testosterone treatment improves body composition parameters are 265 

not fully clarified. The current evidence is consistent with both direct effects on adipocyte 266 

and myocyte differentiation and function 18, as well as indirect effects on motivation and 267 

mood 6 that may promote adherence to healthy lifestyle measures. Indeed, at the end of RCT 268 

phase of our study 5, men randomised to testosterone but not placebo maintained increased 269 

spontaneous activity levels, suggesting that during treatment, increased physical activity may 270 
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have contributed to the observed changes in body composition in testosterone-treated men. 271 

Overall the current study suggests that whatever the underlying mechanisms promoting body 272 

composition changes during testosterone treatment are, they require continuous exposure to 273 

testosterone treatment to remain operational.  274 

 275 

During the observation period, men regained a substantial proportion of the weight loss 276 

achieved during the RCT. This is consistent with previous studies demonstrating that weight 277 

loss, even if successful, is difficult to maintain 1. Weight regain during the observational 278 

follow-up period occurred irrespective whether men had received testosterone treatment or 279 

placebo during the RCT phase. Interestingly during the RCT phase, placebo treated men 280 

demonstrated a modest (+2.9 nmol/L) increase in endogenous testosterone levels in 281 

association with the 11% loss of body weight, similar in magnitude to the increase in 282 

endogenous testosterone with weight loss reported previously 19. However, this increase in 283 

endogenous testosterone in placebo-treated men was not sustained at the end of the 284 

observational follow-up phase, likely because of weight regain. Based on mechanistic and 285 

clinical studies, low circulating testosterone and obesity have been proposed to interact in a 286 

mutually reinforcing relationship 20

 290 

. However our findings suggest that the modest increases 287 

in endogenous circulating testosterone during weight loss are not to overcome this 288 

bidirectional low testosterone-obesity cycle.  289 

This study demonstrates that 56 weeks of testosterone treatment does not cause persisting 291 

iatrogenic HPT axis suppression after 12 months or more after testosterone treatment 292 

cessation, even in obese men who might be more vulnerable to this phenomenon given 293 

adipose tissue-mediated functional HPT axis suppression 21, 22. Indeed, although at the end of 294 

the follow-up phase the weight of the participants was still lower than at randomisation, 97% 295 

of men that had received testosterone treatment during the RCT phase were still obese 296 

(BMI>30 kg/m2) at the end of the observation period. However, it is possible that the modest 297 

weight loss maintained to the end of the follow-up may have facilitated the endogenous HPT 298 

axis recovery after the RCT phase. The fact that at the end of the observation phase, LH 299 

levels were higher in men that had received testosterone during the RCT phase compared to 300 

those receiving placebo is further evidence of a compensatory central gonadal axis response 301 

driving endogenous HPT axis recovery. Importantly, the absence of HPT axis suppression at 302 

the end of the observation period is not due to ineffective testosterone treatment during the 303 

RCT: testosterone treatment was clearly effective, as evidenced by the marked reduction in 304 
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fat mass and LH levels, and the increases in lean mass and haematocrit during the RCT 305 

phase.  306 

 307 

From a practical clinical perspective, these results indicate that if a short term (up to 56 308 

weeks) trial of testosterone treatment is considered in a man with non-classical 309 

hypogonadism, the risk of long term persisting iatrogenic HPT axis suppression is low. We 310 

cannot exclude the possibility that a more short lived period of HPT axis suppression that had 311 

resolved at the follow-up visit may have occurred. However, at the follow-up visit, no 312 

participant reported symptoms consistent with temporary HPT axis suppression during the 313 

follow-up phase. Therefore, even if transient HPT axis suppression occurred, this would 314 

appear unlikely to be of clinical significance.  315 

 316 

The strengths of this follow-up study include its double blind, randomised placebo-controlled 317 

parallel group design, with sufficient length of follow-up to demonstrate changes in body 318 

composition after testosterone withdrawal. We exclusively focussed on obese men with 319 

testosterone levels, measured by validated mass spectrometry, that were substantially lower 320 

than levels reported in unselected community-dwelling obese men 23, 24

 325 

. The administration of 321 

effective intramuscular testosterone performed by medical staff at the study centre resulted in 322 

a 100 % medication adherence, and the trial was notable for the successful implementation of 323 

a rigorous weight loss program with a relatively low drop out rate.    324 

The main limitation of the study was that measurements during the follow-up phase were 326 

limited to a single time point. Hence, it was not possible to evaluate the time course of the 327 

loss of testosterone treatment effects. In addition, we cannot exclude the possibility that a 328 

period of transient HPT axis suppression may have accelerated the loss of the beneficial body 329 

composition effects accrued during testosterone treatment. Indeed, induced severe 330 

hypogonadism, either experimentally in healthy young men 25 or therapeutically as androgen 331 

deprivation treatment given to men with prostate cancer 26

 338 

 has been associated with increased 332 

fat mass and loss of muscle mass. When asked at the follow-up visit, no participant recalled 333 

symptoms consistent with testosterone withdrawal following treatment cessation. However, 334 

this issue and especially the potential for more subtle transient HPT axis suppression 335 

contributing to accelerated fat gain and muscle loss after testosterone treatment is stopped can 336 

only be resolved in a study with assessments at multiple time points. 337 
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In conclusion, the beneficial effects of 56 weeks of testosterone treatment on body 339 

composition in dieting obese men did not persist 82 weeks after cessation of testosterone 340 

treatment. Given that testosterone treatment may need to be maintained for longer durations, 341 

and possibly indefinitely, to maintain treatment-associated benefits, longer term controlled 342 

studies will be necessary to more precisely define the benefits and potential risks of 343 

testosterone treatment. 344 

 345 
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 453 

Tables 454 

Table 1. Baseline characteristics of randomly assigned study participants 455 

 All randomised 

(N=100) 

Non-completers 

(N=36) 

Completers 

(N=64) 

p 

Age (y) 53.2 [47.4; 59.9] 51.7 [43.0; 55.2] 56.9 [49.3; 61.2] 0.014 

Weight (kg) 120 (17.7) 125 (19.9) 116 (15.6) 0.019 

BMI (kg/m2 37.4 [34.7; 41.2] ) 37.7 [35.4; 41.9] 37.0 [34.6; 40.7] 0.25 

Waist circumference (cm) 123 [117; 133] 127 [119; 136] 122 [117; 131] 0.12 

Fat mass (kg) 45.4 (10.3) 48.3 (11.5) 43.9 (9.2) 0.04 

Lean mass (kg) 67.7 [62.8; 72.4] 69.2 [64.5; 73.2] 66.4 [61.3; 72.2] 0.07 

ALM/height2 (kg/m2 9.6 (0.9) ) 9.7 (0.8) 9.6 (1.0) 0.72 

TT (nmol/L) 8.3 (2.4) 8.4 (2.6) 8.3 (2.2) 0.90 

cFT (pmol/L) 166 (45) 168 (53) 165 (41) 0.74 

LH (IU/L)  4.2 [3.2; 5.4] 4.5 [3.6; 5.3] 3.8 [3.0, 5.4] 0.15 

Haemoglobin (g/L) 150 (8.4) 150 (6.9) 149 (9.2) 0.56 

Haematocrit 0.43 (0.02) 0.44 (0.02) 0.43 (0.02) 0.49 

PSA (μg/L) 0.7 [0.5; 1.2] 0.8 [0.5; 1.2] 0.7 [0.5; 1.1] 0.60 

 456 

Data are mean (SD), median [IQR] based on normality testing, using the Kolmogorov-Smirnov 457 

test with Lilliefors correction. p values were calculated for the difference between groups using 458 
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Welch’s t-test for normally distributed parameters or otherwise Wilcoxon rank-sum test, p<0.05 459 

was considered significant. BMI, body mass index; ALM, appendicular lean mass; TT, total 460 

testosterone; cFT, calculated free testosterone; LH, luteinizing hormone; PSA, prostate specific 461 

antigen. 462 

 463 

Table 2: Change in main outcomes, intention to treat analysis 464 

 465 

 Testosterone group 

N=49 

Placebo group  

N=51 

Mean Adjusted 

Difference  

week 0 vs.  

follow-up

Mean Adjusted 

Difference  

1 

week 56 vs.  

follow-up2 

Fat mass (kg)     

Week 0  46.1 [35.6; 50.9] 44.1 [38.4; 53.0]   

Week 56 30.7 [23.5; 44.8] 36.3 [28.7; 46.1]   

End of follow-up 37.7 [32.9; 46.1]  45.2 [34.4, 48.9] -0.8 (-3.6, 2.0),  

p=1.0 

2.3 (-0.6, 5.1),  

p=0.48 

     

Lean mass (kg)     

Week 0 66.6 [63.5; 72.1] 69.1 [60.8; 72.5]   

Week 56 67.2 [63.8; 71.8] 61.8 [56.8, 70.4]   

End of follow-up 64.5 [60.4; 69.2] 61.2 [56.3; 70.9] -1.3 (-3.0, 0.5), 

p=0.39 

-3.7 (-5.5, -1.9), 

p=0.0005 

     

Body weight (kg)     

Week 0 116.0 [108.8, 129.0] 118.4 [103.8; 135.6]   

Week 56 101.1 [93.5; 119.0] 101.7 [93.4; 117.8]   

End of follow-up 106.6 [99.8; 117.4] 112.6 [94.2, 128.7] -1.5  (-5.3, 2.3), 

p=1.0 

-0.6 (-4.5, 3.3),  

p=1.0 

     

ALM/height2 

(kg/m2

 

) 

   

Week 0 9.7 [9.1; 10.4] 9.4 [9.0, 10.1]   

Week 56 9.8 [9.5; 10.4] 9.2, [8.6; 9.6]   

End of follow-up 9.6 [8.8; 10.3] 9.2 [8.5; 9.8] -0.1 (-0.3, 0.1), 

p=0.45 

-0.5 (-0.8, -0.3), 

p<0.0001 

     

TT (nmol/L)     

Week 0 8.5 [6.6; 10.4] 8.4 [7.1; 10.0]   
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Week 56 14.1 [11.9; 18.7] 10.0 [8.5, 11.6]   

End of follow-up 9.1 [6.4; 10.4] 8.8 [7.4; 10.5] -0.4 (-2.5, 1.7), 

p=0.71 

-6.0 (-8.1, -3.8), 

p<0.0001 

     

cFT (pmol/L)     

Week 0 200 [164, 239] 202 [172; 238]   

Week 56 352 [268; 464] 205 [174; 242]   

End of follow-up 176 [148; 206] 189 [155; 230] -14 (-63, 34),  

p=0.56 

-173 (-223, -122), 

p<0.0001 

     

LH (IU/L)     

Week 0 4.5 [3.3; 5.6] 4.2 [3.1; 5.2]   

Week 56 0.1 [0.1; 0.1] 4.1 [2.8; 5.6]   

End of follow-up 5.0 [3.4; 7.3] 4.1 [3.0; 5.5] 1.4 (0.3, 2.4), 

p=0.026 

5.7 (4.5, 6.8),  

p<0.0001 

     

Haemoglobin 

(g/L) 

    

Week 0 148 [142; 152] 151 [144; 158]   

Week 56 161 [154; 170] 149 [144; 157]   

End of follow-up 148 [145; 151] 150 [144; 154] 3 (0, 7),  

p=0.09 

-12 (-16, -9),  

p<0.0001 

     

Haematocrit     

Week 0 0.43 [0.41; 0.44] 0.44 [0.42; 0.45]   

Week 56 0.46 [0.44; 0.49] 0.44 [0.42; 0.45]   

End of follow-up 0.42 [0.42; 0.44] 0.44 [0.42; 0.45] 0.01 (0, 0.02),  

p=0.16 

-0.04 (-0.05, -0.03), 

p<0.0001 

     

PSA (ug/L)     

Week 0 0.72 [0.54; 1.10] 0.71 [0.48; 1.15]   

Week 56 0.86 [0.59;1.40] 0.66 [0.56; 1.45]   

End of follow-up 0.66 [0.44; 1.07] 0.77 [0.42; 1.23] 0.15 (-0.07, 0.38) 

p=0.75 

-0.04 (-0.27, 0.20) 

p=1.0 

 466 

Data are median [IQR] for testosterone and placebo groups. 467 

1Mean adjusted difference (MAD) refers to the between-group change at week 0 468 

(commencement of the RCT) and the end of the follow-up observation, or 2the change from 469 

week 56 to the end of the follow-up observation using a mixed model and intention to treat 470 
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analysis. ALM, appendicular lean mass; TT, total testosterone; cFT, calculated free 471 

testosterone; LH, luteinizing hormone; PSA, prostate specific antigen. 472 

 473 

 474 
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 487 

 488 

Figure 1. Changes in circulating total testosterone, calculated free testosterone and LH 490 

levels. 491 

Figure Legends 489 

Shown are circulating levels of total testosterone (TT) (a), calculated free testosterone (cFT) 492 

(b) and luteinizing hormone (LH) (c) in men receiving testosterone or placebo during the 493 

RCT phase, depicted as adjusted means surrounded by 95% CI at 0,10, 56 weeks and at the 494 

end of the follow-up observation period of a median [IQR] of 81 weeks [69; 91]. P, placebo 495 

group; T, testosterone group. Corresponding mean adjusted differences (MAD) are reported 496 

in Table 2. 497 

 498 

Figure 2. Changes in body composition parameters. 499 

Shown are body weight (a), fat mass (b), lean mass (c) appendicular lean mass (ALM) 500 

corrected for height squared (d) and lean to fat mass ratio (e) in men receiving testosterone or 501 

placebo during the RCT phase, depicted as adjusted means surrounded by 95% CI at 0,10, 56 502 

weeks and at the end of the follow-up observation period of a median [IQR] of 81 weeks [69; 503 
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91]. P, placebo group; T, testosterone group. Corresponding mean adjusted differences 504 

(MAD) are reported in Table 2. 505 

 506 

Figure 3. Changes in safety parameters. 507 

Shown are haemoglobin (a), haematocrit (b), and prostate specific antigen (PSA) levels (c) in 508 

men receiving testosterone or placebo during the RCT phase, depicted as adjusted means 509 

surrounded by 95% CI at 0,10, 56 weeks and at the end of the follow-up observation period 510 

of a median [IQR] of 81 weeks [69; 91]. P, placebo group; T, testosterone group. 511 

Corresponding mean adjusted differences (MAD) are reported in Table 2.  512 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



56

8
1
0

1
2

1
4

1
6

1
8

2
0

P

TA B C

cen_13385_f1.eps

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



56 56

6
3
0
0
0

6
4
0
0
0

6
5
0
0
0

6
6
0
0
0

6
7
0
0
0

6
8
0
0
0

P

T

56

1
.6

1
.8

2
2
.2

P

T

56

A B C

D E

cen_13385_f2.eps

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



1
4
5

1
5
0

1
5
5

1
6
0

1
6
5

P

T

56

0
.4
2

0
.4
3

0
.4
4

0
.4
5

0
.4
6

0
.4
7

P

T

56

0
.8

0
.9

1
1
.1

1
.2

1
.3

P

T

56

A B C

cen_13385_f3.eps

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t


