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Background:Testosterone treatment in obese dieting men augments thessioetiated loss
of fat mass, but protects against loss of lean mass. We assessed whether body composition
changes are maintained following withdrawal of testosterone treatment.

Methods: We conducted a prepecified doubldlind randomised placebmntrolled
observationalfollowup study of a randomized controlled trial (RCT). Participants were men
with baseline obesity (body mass inde30kg/nf) and a repeated total testosterone level
<l12nmol/L, previously enrolled in a 5&eek testosteroreatment trial combined with a
weight loss program. Main outcome measures were mean adjusted differences (MAD) (95%
confidence_interval), in body composition between testosterone and plaeatsanl men at

the end of'the observation period.

Results: Of"the 7,100 randomised men, 82 completed the RCT, and 64 the subsequent
observational study. Median [IQR] observation time after completion of the \R&3T82
weeks [74; 90] in men previously receiving testosterone (cases) and 81 weeks [6T&d] in
previously receiving placebo (controls), p=0.51. At the end of the RCT, while losingrsimil
amounts of weight, cases had, compared to controls, lost more fat mass2NRP (5.7, -

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
observation, period, the former between group differences in fat mass,-M8Ky, ¢3.6,

2.0), p=1.0, in"lean mass, MAEL.3kg ¢3.0, 0.5), p=0.39, and in appendicular lean mass,
MAD -0.1kg/nf(-0.3, 01), p=0.45, were no longer apparent. During observation, cases lost
more lean mass, MADB3.7kg €5.5, -1.9), p=0.0005 and appendicular lean mass, MAD
0.5kg/nf (-0.8, -0.3), p<0.0001 compared to controls.

ConclusionsThe favourable effects of testostermrebody composition in men subjected to

a concomitant weight loss program were not maintained at 82 weeks after tesw®ste
treatment cessation.

| ntroduction

While dietary.méasurearefirst line treatmerd of obesity, weight loss achieved withloric
restrictionis*madest, and difficult to sustain in the long tetmn addition,the beneficial
effects ofdieting onredudéng body fatare mitigatedby a concomitant loss of muscle mass
Exercise_interventions attenuate, loiat notfully prevent ths diet-associatedoss of muscle

mass: asystematic review of interventional studies concluded that the addition of exercise
caloric restriction reduced the loss of muscle mass by only’50%

In men testosterone treatmeincreases lean body mass and reduces fat frfa¥ée recently

conducteda 56 weekplacebo controlled randomised controlled tri8IC(T) of testosterone
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68 treatmentamong obese men with a lowered testosterone lexeaio evidence of pathological
69 androgen deficiency due to pituitarytesticular disease All participantsweresubjected to
70 arigorousweight loss programAs expectedmen receiving placeblost both fatmassand

71 lean mass during diein contrasttestosteroné&reatmenprevented thelietassociatedbss of

72 lean massandthe weight loss among testosterone treated meralwasstexclusivdy due to

73 loss offat mass.

74

75  The bng term riskof testosterone treatment in men withcetognisable medical disease of
76  the hypothalamipituitary-gonadal axisare unknown. While not powered for safety, short
77 term K 12'months) testosterone treatment trials have generally not demonstratesisteno
78 increase inclinically important adverse evehtsthe 12month Testosterone Trials, the rates
79  of adverse events carefully selected men were similar in the testosterone and placebo
80 treated mefi. A metaanalyss of smaller mostly short term testosterone RCTs of medium to
81 low quality _reported anncrease in demoglobinand taematocrit and a small decrease in
82  high-density lipoprotein cholesteralith testosterone treatmerit These findingswere

83  considered.to-b®f unknown clinical significanceSimilarly, although controversial due to
84 lack of definitive data, there is no evidence that short term testosteratraeng, especially
85 when administered by thetramusculaor transdermatoute,increases cardiovasculask ®

gs °

87

88  Given the _current evidence supporting potérignefits ofshort termtestosterone treatment

89 on some Outcome measurmsch as sexual functichbody composition and bone mineral

90 density® % yet the absence of long term safety data, the question arises wertleéitsof

91 testosterone_treatment might be sustaiaé@r stopping testosterone administratiorn

92  addition, it\is not well established whether cessatiophyfsiologically-dosedestosterone

93 treatmentis. associated witlong term iatrogenic suppression of the hypothalgpitigitary-

94 testicular (HPT)raxis which could potentially be harmful We thereforeconducted an

95  observational=followup study ofa recently completed RCT to investigate whether the

96 effects of testosterone treatment on body composition in obese men were sustained after at
97 least 12 months of treatment cessation. We aelstuatedvhether testosterone treatment is

98 associated ith prolonged iatrogenic suppression of the HPT axis, and whpttentially

99 adverse effets of testosterone treatment are maintained

100

101 Materialsand Methods
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Design Overview

This study reports the pestal follow-up phase of a 5&eek RCT designed tassess the
effects of testosterone treatment on body composition added to a rigorous weight loss
program, reported in detail previousy Briefly, 100 obese (body mass indéBMI)
>30kg/nf) men*with a repeated fasting morning total testosteremel lof <12 nmol/L
confirmed /by liquid chromatographyass spectrometrwere 1:1randomizedto 1000mg
intramusculattestosterone undecanodteatment or matching placebo, administered for 56
weeksaccerding to standard schedulle addition, all subjectseceived avery low energy
diet for 10 weeks followed by a 46 weeks weight maintenancedit the 56week final
study visitof the RCT phasewhilst both studyinvestigatorsand participants remained
blinded tostreatment allocatignall men were encouraged to continue with dieting and
exercise and were invited to attend &single follow-up appointmerdt the Austin Hospital
Andrology Research Uniafter at least12 monthsfollowing completion of the RCT for
assessmerdf body composition and hormonal studies.

The original.RET protocol (HREC 2012/04495) andhe observationafollow-up study
(LNR/16/Austin/61) reported herewere approved by the local ethics committegach

participant providedvritten informed consent.

Main Outcome Measures

The primary outcomef the RCT wasthe change in fat mass The mainprespecified
exploratory outcomeneasurs of thisobservational followdp studywerethe change# fat
mass, lean mass, appendicular lean naesk body weigh@fter at least 12 monthisom
testosteroné&reatment cessatiorOther outcomeneasureincluded laboratory studiedrawn

in the morning (8ariOam) in the fasted statéll follow-up measurements were conducted
at the study. center with the same methodology used during the RCT phase of the study.
Briefly, levels=of lmemoglobin, hamatocrii prostate specific antigerP§A), luteinizing
hormone KkH);=sex hormone binding globuliand btal testosterone @are determinedby
electrochemiluminescence immunoassayd free testosterone calculatesd described
previously > Body composition was quantified lual energy absorptiometiProdigy,
Version 13.60; GE Lunar, Madison, WI, USA)

Statistical Methods

Data shown are mean (standard deviation) or median [IQR], accordmyrtlity testing

using the Kolmogorossmirnov test with Lilliefors correction. Comparison of baseline
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characteristics was based on Welcksst for normally distributed parameters. Alternatively,
Wilcoxon ranksum test was used in case of fmmrmal dstribution. Correlations were based

on Kendall's Tau rank test.

Changesrin‘the‘outcomes between cases and controls over theupliosits were analysed
using a linear ‘mixed modalith restricted maximum likelihood semator. The model
included randommitercepts per subject, and as fixed variables the baseline levels of the
respectivegoutcome variableur time points (at 0, 10 and 56 weeksd at the end of follow
up), group(placebo and testosteron@ndthe interaction of time point x grouplhe latter
represents, the’ measure of interest (betwgenp change over time), which was
guantitatively/expressed as mean adjusted difference (MAD) surrounded prpfilesl 95%
confidence intervalP values for the change frdmaselingo end of observatioand weeks6
week to end of}observation were conventionally adjusted for multiple testingiddy-
Bonferroni_methodln addition to the main analysis following the intentiortreat (ITT)
principle, we performed a sensitivity analysis per protocol including only thoseipantis
who completed’the observation follayp period.All tests were tweailed with p<0.05
denoting statistical significancé&nalyses were conducted using R version2Z3f8r Mac,
effects 3132;"phia 0.2-1 and Ime4 package 12" *2

Role of the Funding Sources
MNTF was supported by a postgraduate scholarship (1055305) and MG Carear
Development Fellowship (1024139) both from tKational Health and Medical Research

Council (Australia). Bayer Pharma AG (Berlin, Germany) providstbsterone, placebo and
financial support to conduct investigatiahgring the RCT phase, but did not provide funding
for this observational follovup study. Bayer Pharma AG had no role in trial design, data

analysis, or.writing the manuscript.

Results

Study Subjects

Patient recruitment and retention during the 56 week of this RCT has been prescribed
previously and is shown in supplementary Figure 1. During the fallpywhasefom week

56 to the end of the observation penipd8 of the 82 RCT complewewithdrew from the

study, including one participant receiving testosterone treatm&hé low number of

testosterone initiationduring the follow-up phase is expected givenrestrictions on

This article is protected by copyright. All rights reserved



170  testosterone prescribing for men without pathological androgéiciencyin Australia®®,
171 Thus 64 of the 100 participants originally randomised vesalable for a followup visit
172 (Supplementary Figure 1No participantreceivedweight altering medications including
173 glucocorticoids, insulin, glucacon like peptileanalogduring the followup phase or was
174  subjectedrtorbariatric surgef§aseline characteristics were comparable between the gtoups
175 and did not differ in participants completing the trial compared to the entire resstbm
176  cohortTable 1.

177

178  The maian JIQR] postRCT observation timdan those who completed the observatibn
179  follow-up phase of thestudy was 82 [74 90] weeks in cases andil [67. 91] weeks in
180  controls p=0.51.

181

182

183  Hormone Levels

184 By the end of the observatiainfollow-up phase the testosterone levels that had been
185 increased in.cases during tRECT phase decreased to levelisnilar to baselineandthe
186  previous significant difference in total testosterone levels in cases compared to aeasrols
187  no longerapparentat trial end MAD -0.4 nmol/L €2.5, 1.7), p=0.7XFigure la Table 3.
188  Findings forcalculated free testosteromere similar(Figure 1b, Table 2).H levels which
189  had been suppressed in cadesng the RCT phasdad at the end aothe observatiorphase,
190 increasedo levelks similar to baseline and slightly higher than thoseaftrols,MAD 1.4
191 IU/L (0.3, 2.4), p0.026 Figure 1¢ Table 2.

192

193  Body composition

194  During the \RCTphase both case¢-11.4 kg €13.9, -8.8))and controlg-10.9kg ¢13.6, -8.1)
195  hadlost significantamounts of body weightwith no difference between cases and conabls
196  the end of'thes56veek RCT, MAD-0.5 kg (4.3, 3.3), p=0.8 °. However whilst controls
197  lost bothleansmasg-4.0kg €5.5, -2.5))and fat mas$-2.9 kg €4.3, -1.6)) cases lost almost
198  exclusivelysfat masg-5.7kg (-6.9, 4.5)), and lean mass loss was prevent@dbkg ¢2.0,

199  0.8))°. At theend of the observatialfollow-up phase, ith cases and contsdtadregained
200 body weight with no between group differenc®AD -1.5 kg (-5.3 2.3), p=1.0 Figure 23,
201 Table 3. While cases hatbst more fat mass during the R€dmpared to control$VIAD
202  -2.8kg (4.6, -1.0),p=0.003 at RCT end both cases and contsalegained fat mass during
203 the observation periodit the end of the observation peridle formerdifference in fat mass
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between cases and contralas no longeapparentMAD -0.8 kg (-3.6 2.0), p=1.0 (Figure

2b, Table 3. Similarly, although controlsad lost more lean mass during the R®MAD at

56 weeks3.4kg (1.3, 5.5) p=0.002 >, during followup cases lost more lean mabsn
controls MAD -3.7 kg €5.5, -1.9), p=0.0005andat the end of the observational follayp
period, the difference in lean mass was no losggrificantMAD -1.3 kg, (-3.0, 0.5 p=0.39
(Figure 2¢'Table 2. Findings were similar foappendicular lean magBigure 2d Table 2.
Figure 2eshows the leamassto fat massratio as an integrated parameter of the body
compositien changes during the RCT dhelobservational followup phaseWhile this ratio

had increased. in cases at the end of the RCT (p<0.0007), compared to controls, this
difference“was/nosustained, and at the end of the observation period, it had declined
significantly’' (p=0.0012), and was no longer increased (p=0B32¢ontrast, the leamassto

fat massratio remained similar in controls throughout the st(felgure2e).

Safetyoutcomes
During the.RCTphase, both haemoglob{MAD 15 g/L (12-19), p<0.001) and kaatocrit
(MAD 0.04,0:03-0.05), p0.001) increased significantly following 56 weeks of testosterone

treatment..During theobservatiorperiod both parameters decliniedcases, JAD -12 g/L

(-16, 9), p<0.0001 for haemoglobin and MAD.04 ¢0.05, 9.03) p<0.0001 for haematocrit)

to levels similar to baselinavith no difference compared wwontrols(MAD 3 g/L (0, 7),

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

Table 3. During the RCT phase, there were no differences in PSA levels between cases and
controls.At the end of the observation periathe case and one contgtienthad a PSA

level increase by.0 pug/L or more compared to prerandomisation levels, but no participant
had a BA level above the upper limaf the reference rangd’SA levels were similar

between groups at study etkigure 3¢ Table 2).

Sensitivityranalysis

Outcomes=were unchanged after performing a per protocol ang@ygiplementary dble 1)
including.enly those men who completed the observation period, except for LH which was of
borderline significace (p=0.026) at the end of the folleup period comparkto baseline,

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

Discussion

This article is protected by copyright. All rights reserved



237 In this observational double blind and placelomtrolledfollow-up study of a 56 week RCT
238 of testosterone treatment in dieting obese men, the benefits of testester body
239 composition were not mamined when assessed after at least 12 monthtesibsterone
240 treatment cessation. In addition, there was no evidencetiabustestoserone treatment
241  led to sustainedatrogenicsuppression of the HPT axisr was it associated with persisting
242  changes in haematologicahd prostate safefyarameters.

243

244  Whetherthe effects of testosterone treatment persist after treatment cessation has not been
245  well documentegbreviously Mostdata comdrom uncontrolledobservational studiesndthe

246  findings have been equivocal small survey in33 Japanese mereportedthat subjective
247  quality of live/benefitaveremaintainedseveral yearafter cessatiorof testosterone treatment
248 ' An obsefvational studyn 24 obese memeceiving testosterone treatmednt 54 weeks
249  reportedthat 24 weeksafter testosterone withdrawatestosteroneffects on fat mass were
250  maintained, buéeffects on lean mass wemet . In alargeruncontrolled observational cohort
251  of 147 middle aged and older men previously treated with long term testosfercmenean
252  duration of.mere than 5 years, cessatibrestosterone treatmefar a mean of 16.9 months
253 was associated/with weight gaincreased waist circumference aaa increase imglucose
254  and Ipidiparameters®. There has beeno our knowledge, only one controlled study that has
255 assessed the.durability testosterone treatment effects. That study asséssetlirability of
256  shorter term (6 monthggstosterone treatmeetfects6 monthsafter treatment cessatioin

257  different populatiorcompared to our cohotf. In that study of intermediatiail or frail men
258 older than 65 yeamsith a baseline circulating total testosteron&®? nmol/L, the effects of
259 testosteronéreatment orthe main RCToutcomesof muscle strength, lean mass and quality
260  of life were_not maintained at reassesstr@months after completion of the RCT Our

261  study isconsistent with these findings, and extetite evidence to middlaged obese men
262  with a substantially lower baseline testosteroné nmol/L who were additionally subjected
263 to a rigorous'weight loss program, with a longer observational follow-up.

264

265 Themechanisms by which testosterone treatmaproves body composition parameters are
266 not fully clarified The current evidencés consistent with botllirect efects on adipocyte
267 and myocytedifferentiationand function®, as well as indireceffects on motivation and
268  mood® that maypromoteadherence to healthy lifestyle measures. Indagttie end ofRCT

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

270  spontaneous activity levels, suggesting that during treatmnentased physical activity may

This article is protected by copyright. All rights reserved



271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304

have contributedo the observed changes in body compositiotegtosterongreated men.
Overall the current study suggests that whateveutitkerlyingmechanism@romoting body
composition changes during testosterone treatmenthey require continuous exposure to

testosterone treatmetat remain operational.

During the observation perigdnen regained a substantial proportion of the welgks
achievedduring the RCT. This isonsistent wittprevious studies demonstratititat weight
loss evengif successfuls difficult to maintain®. Weight regain during the observational
follow-up periadoccurredirrespective whethemen hadreceived testosterone treatment or
placebo during/the RCT phadaterestinglyduring the RCT phaselacebo treated men
demonstrated a modest (+2.9 nmol/L) increase in endogenous testosteroneinevels
associdabn with the 11% loss of body weight, similar in magnitudethe increase in
endogenous testosterone with weight loss repgatediously®. However, this increasia
endogenous_testosterone in placéleated menwas not sustained at the end of the
observational follomup phaselikely because of weight regaiBased on mechanistic and
clinical studiessdow circulating testosterone and obesity have been proposed to interact in a
mutually reinforcingrelationship?®. Howeverour findings suggest th#tie modest increases

in endagenous” circulating testosterone during weight loss aretonaivercome this
bidirectionallow testosteron@besity cycle.

This study, demonstrates that 56 weeks of testosterone treatment does not asisegpe
iatrogenic HPT axis suppressiorafter 12 months or moreafter testosterone treatment
cessationeven In obese men who might be more vulnerable to this phenomenon given
adipose tissuenediated functionaHPT axis suppressioft' %% Indeed, although at the end of

the followrup phase the weight of the participants was still lower than at randomi€ation,

of men that_had received testosterone treatment during the RCT phase were still obese
(BMI>30 kg/nf)rat the end of the observation period. However, it is possible that the modest
weight lossmaintained to the end of tliellow-up may have facilitated the endogenous HPT
axis recoveryafter the RCT phaselhe fact that at the end of the observation phase, LH
levels were highein menthat had receivetestosteroneluring the RCT phase compared to
those receiving placebo farther evidence of a compensatory central aal axis response
driving endogenous HPT axis recovelportantly, theabsencef HPT axis suppression at

the end of the observation period is not duéneffective testosterone treatment during the

RCT: testosterone treatment was clearly effectaggvidenced by thenarkedreduction in
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fat mass and LH leveland theincreasesn lean mass anttaematocrit during the RCT

phase.

From a practical clinical perspective, these results indicate thashiod term (up to 56
weeks) trial=of" testosteronetreatment is considered in a man with natassical
hypogonadismthe risk of long ternpersisting iatrogeni¢éiPT axis suppression i®w. We
cannot exclude the possibilitigat amore short livegeriodof HPT axis suppression thaad
resolved atthe follow-up visi may haveoccurred However, at thefollow-up visit, no
participantreported symptoms consistent with temporBiRT axis suppressioduring the
follow-up phase. Therefore, even if transient HPT axis suppression occurredyoihlid

appeawunlikely to be of clinical significance.

The strengths of this followp study include its double blind, randomised plaestratrolled
parallel group_design, with sufficient length follow-up to demonstrate changes in body
composition after testosterone withdrawal. Waxclusivdy focused on olese men with
testosterone levelsneasured by validated mass spectrometrgt weresubstantially lower

than levelsireported imseleatd community-dwelling obese méh?% The administration of
effectiveintramuscular testosterone performed by medical staff at the study centre resulted in
a 100 % medieatioadherenceandthe trialwas notable fothe successful implementation

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

The main imitation of the studywas that measuremendsiring thefollow-up phase were
limited to @ single time point. Hence, it was not possible to evaluate thectorse of the

loss of testosterone treatmeaffects In addition, we cannot exclude the possibility that a
period of transient HPT axis suppression may leeelerated the loss of the beneficial body
composition.effects accrued during testosterone treatmieieed, induced severe
hypogonadismyeither experimentally in healthy young fMem therapeutically as androgen
deprivationstreatment given to men with prostate caffdesis been associated with increased
fat mass_and loss of muscle mass. When asked at the Hgtloxgt, no participant recalled
symptoms consistent with testosterone withdrawal following treatment cessation. However,
this issue and especially the potential for more subtle transient HPT axis suppression
contributing to accelerated fat gain andsclelossafter testosterone treatment is stopped can

only be resolved in a study with assessments at multiple time points.
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In conclusion, the beneficial effects &6 weeks of testosterone treatment on body
composition in dieting obese men did not persist 82 weeks after cessation of nastoste
treatmentGiven that testosterone treatment may need to be maintained for longer durations
and possibly indefinitelyto maintain tratmentassociated benefits, longer teoontrolled
studies will=be" necessary tmore precisely define the benefits and potential riské
testosterone treatment.
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454  Tables
455 Table 1. Basdline characteristics of randomly assigned study participants
All randomised Non-completers Completers p
(N=100) (N=36) (N=64)
Age (y) 53.2[47.4;59.9] | 51.7[43.0;55.2] |56.9[49.361.2] | 0.014
Weight (kg) 120 (17.7) 125 (19.9) 116 (15.6) 0.019
BMI (kg/m?) 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 (KQ) 67.7[62.8,72.4] | 69.2[64.5;73.2] |66.4[61.3;72.2]| 0.07
ALM/height (kg/n?) 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 (ng/L) 0.7 [0.5; 1.2] 0.8[0.5; 1.2] 0.7 [0.5; 1.1] 0.60
456

457 Data are mean (SD), median [IQR] basedhomality testing, using the Kolmogorov-Smirnov
458 test with Lilliefors correction. p values were calculated for the difference between groups using
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459 Welch’s ttest for normally distributed parameters or otherwise Wilcoxon-sank test, p<0.05
460 was consideredignificant. BMI, body mass index; ALM, appendicular lean mass; TT, total

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

462 antigen.
463
464  Table 2: Changein main outcomes, intention to treat analysis
465
Testosterone group Placebo group Mean Adjusted Mean Adjusted
N=49 N=51 Difference Difference
week 0 vs. week 56 vs.
follow-up* follow-up?
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), 2.3(0.6,5.1),
p=1.0 p=0.48
L ean 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 followup 64.5 [60.4,69.2] 61.2 [56.3; 70.9] -1.3 (3.0, 0.5), -3.7 (5.5,-1.9),
p=0.39 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 followup | 106.6 [99.8; 117.4] | 112.6[94.2,128.7] | -1.5 (5.3, 2.3), -0.6 (4.5, 3.3),
p=1.0 p=1.0
ALM /height?
(kg/m?)
Week 0 9.7 [9.1; 10.4] 9.419.0, 10.1]
Week 56 9.8[9.5; 10.4] 9.2, [8.6; 9.6]
End of followup 9.6 [8.8; 10.3] 9.2 [8.5; 9.8] -0.1 ¢0.3,0.2), -0.5 ¢0.8,-0.3),
p=0.45 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), -6.0 (8.1,-3.8),
p=0.71 p<0.0001
cFT (pmoal/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), -173 (223,-122),
p=0.56 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 followup 5.0 [3.4;7.3] 4.1[3.0; 5.5] 1.4 (0.3, 2.4), 5.7 (4.5, 6.8),
p=0.026 p<0.0001
Haemoglobin
(glL)
Week 0 148 [142; 152] 151 [144; 158]
Week 56 161 [154; 170] 149 [144; 157]
End offollow-up 148 [145; 151] 150 [144; 154] 3(0,7), -12 (-16,-9),
p=0.09 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), | -0.04 ¢0.05,-0.03),
p=0.16 p<0.0001
PSA (ugl/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) | -0.04(-0.27, 0.20)
p=0.75 p=1.0
466
467  Data are median [IQR] for testosterone and placebo groups.
468  'Mean adjusted difference (MAD) refers to the betwgesup change at week 0

469  (commencement of the RCT) and the end of the foligwebservation, dithe change from

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

Figure L egends

Figure 1..Changesin circulating total testosterone, calculated freetestosterone and LH

levels.

Shown are cireulating levels of total testosterfRE) (a), calculated free testosterofodT)

(b) and luteinizing hormonelLH) (c) in men recwing testosterone or placebo during the

RCT phase, depicted as adjusted means surrounded by 95% CI at 0,10, 56 weeks and at the
end of the followup observation period of a median [IQR] of 81 weeks [69; 91]. P, placebo
group; T, testosterone grougorreponding mean adjusted differences (MAD) are reported

in Table 2,

Figure 2. Changesin body composition parameters.

Shown arewbody weight (a), fat mass (b), lean mass (c) appendicular learfAisiys
corrected for height squared (d) and lean to fat me&&s(e) in men receiving testosterone or
placebo during the RCT phase, depicted as adjusted means surrounded by 95% CI at 0,10, 56

weeks and at the end of the follayp observation period of a median [IQR] of 81 weeks [69;
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91]. P, placebo group; T, testosterone group. Corresponding mean adjusted differences
(MAD) are reported in Table 2.

Figure 3. Changesin safety parameters.

Shown are*haemoglob{a), haematocritb), andprostate specific antige$A) levels (c) in

men receiving testosterone or placebo during the RCT phase, depicted as adjusted means
surrounded by 95% CI at 0,10, 56 weeks and at the end of the -ighlaservation period

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

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