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Abstract
Background &Aims

Circulating" testosterone is usually redudgedmen with cirrhosis but there has not been a
comprehensive analysis of androgen staiusirculating estrogens. Little is known about

associations between circulatisgx steroidsvith aspects of health in this population.
Methods

We reportudata fronmen with cirrhosis and low serum testosterone (<12nmol/tatmulated
free'testosterone <230pmol/L). Comprehensive circulating sex steroid preéte measured by
liquid_ehromatographynass spectrometry and compared with -agéched controls.
Relatiorships between sex hormone levels, severity of liver disease, biochemistry, and clinica

outcomes were assessed.
Results

Serumgestrone and estradiol were significantly elevated in widn cirrhosis compared to
contrels*(median 869.1pmol/L vs 133.8pmol/L and 166.7pmol/L vs 84.6pmol/L respectively).
Serum estrone correlated with MELD score (correl +0.306, p<0.001), and inverselgatedrre
with serum sodium (correD.208, p=0.004) and haemoglobin (cor@L77, p=0.012). No such
correlationsswere observddr estradiol. Serum testosterone levels inversely correlated with
MELDsyscore (correl-0.294, p<0.001), and positively with handgrip strength (correl 42).2
p<0.001, physical activity (correl +0.276, p=0.012), haemoglobin (correl +0.282, p<0.001), and
serum sodium (+0.344, p<0.001)Dihydrotestosteron@versely correlated with MEL3core

(correl-0.225, p=0.0R) and shared similar significarglationshipdo testosterone.

This article is protected by copyright. All rights reserved


https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=366086&isReview=true�
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=366086&isReview=true�

Page |3

56 Conclusion
57 Low serumandrogensndelevated serum estrorfleut notestradiol)are associated withigher
58 MELD and individual adverse health outcomes in cirrhotic cohortmeh selected for low
59 testosteroneSerum estrone may be a novel markatl dfealth in this population. Whether low
60 androgensire markers or mediatof ill healthrequires further investigation
61 Word count:z250.Keywords: cirrhosis, estrone, estradiol, testosterone
KEY POINTS

e Serum estrone and estradiol are elevated in men with cirrhosis despeeulcgon in serum

testosterone levels

e Circulating serum estrone but not estradiol correlates with individual adverse health outco

e Low testosterone, DHT and DHE#achcorrelate with individual adverse health outcomes

e Abnormalities in sex hormone profile worsen with increasing severltyesfdisease
62
63
64 Introduction
65
66 Both androgens and estrogens have impolantlistinctfunctions in menEstrogenic activity is
67  mostly.mediated by estradiol, whereas circulating estrone is considered maithestrogen
68  with low*bioactivity. Estradiolin men ispredominantlyfrom aromatisation of testosterone in
69 adipesettissyenuscle and brain, and it is metabolised by the livarmenboth androgens and
70  estradiol arenecessary to maintain bone mineral density estradiol having a dominant effect
71 (1). Androgens are important anabolic hormones produced predominantly in the tegstes, wit
72  effects onwmuscle haematopoiesjs metabolism and sexual function.Low circulating
73  testosieronelevels in menare associated with anaemia, osteoporosis, sarcopémsalin
74  resistance, and increased@duse mortality2-4) fowever, whether low circulating testosterone
75 is a cause or a biomarkir these relationshipgmains controversialLittle is known about the
76  impact ofcirculatingandrogens and estrogens on health and quality of life in merciwitiosis.
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77  Serum testosterone is low in up@% of cirrhotic menin the preliver transplant settings) and
78 inversely correlates with severity of liver disease as measured by Méd® (6). The literature
79 regardingcirculating estradiol levels in cirrhosis however is conflicting, with reports of both
80 normal and elevated estradidb, 7). Despite the lack of strong supportive evideramical
81 featuresssuch as gynecomastiad altered body hair distribution have bemmventionally
82  attributed to elevated estradiol levels. Given that testosterone is frequently rdthweeder a

83 raised'estradielio-testosterone ratimay be responsible.

84 A majorlimitation of prior studiegxaminingsex hormoneg cirrhosisis the use oinsensitive
85 and/orinaccuratautomateddirect (norextraction)steroidimmunoassay which usually lack
86  specificity against structurally similar steroids and their precursors or metabbliesgeassays
87  havelow accuracyand poory quantify thelow circulatingestradiol levels observed in més).

88 The gold standardor steroid measuremens now nmass spectrometry9) butit has not

89  previously'beemerformedcirrhosis.

90 Men with_cirrhosis commonly have features similar to hypogonadism, incluaiagmia,
91 osteoperasissarcopeniaand insulin resistanceVe thereforenypothesized thathe circulating
92  sex'harmone profile in men would correlate with sequelae of cirrhosis. Weftpbextensive
93 circulatingsex hormonegrofilesvia mass spectrometiy a selected group afrrhotic menwith
94  low testosterone levelnd investigated their relationships widbmmonly observed features of

95 cirrhosis Patients andlethods

96 We report baselinglatafrom a randomizedclinical trial of testosterone therapy in men with

97  cirrhosIS(ACTRN12614000526673, Australian New Zealand Clinical Trials Regist®f)the

98 102 patients enrolled ithis trial, 95 had hormone analysis via mass spectromeitgn were

99 recruited fromoutpatienthepatology clinis at the Austin Hospital, Melbourne,uAtralia. The
100 study wasgapproved the Austin Hospital Human Research Ethics Comiittegatients
101  providedswritten informed consent.

102  Subjectswere men with cirrhosis of any aetiolognd baselingéotal testosterone <12nmolky

103  hospital immunoassagr calculatedfree testosterone <230pmollising Vermeulen's formula

104 (10). Exclusioncriteriaincludedage over 70 years, active cancer (including hepatoma), prostate
105 disease, sevemenal failure éstimate glomerular filtration rate30ml/min), heart failure (New

106  York Heart Association classification Il or V), obstructive slegmoearequiring continuous
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107  positive airway pressure, or haematocrit >55%siven administration of study drug was

108 intramuscularpatients with platelets <30 x 9@ere excluded.

109 Clinical data collection included non-quantitative information on gynecomastia (\patient
110 examinationto identify palpable breast tisuand dtered body hair distribution(patient sel
111 reportof loss of male pattern body hpir The presence and severity ehcephalopathy and
112  asciteswere“assesseffom clinical examination and hospital medical recoessl included
113  episodesn the 3 montk precedingssessmentDue to its known effects on sex hormaution

114  the administration of spironolactone was recorddd.(

115 Handgrip strength was assessed by Jamar hand dynamometer and theghaedgo (TUG)
116  was performed to asses®bility. Quality of life questionnairesncluded theShort Form Health
117 survey BF36), the Androgen Deficiency othe Ageing Male (ADAM) and the short
118 International Physical Activity Questionnaire (IPA@)2-14) Bone mineral density was
119 assessed at the hip and spine using a single Enelgy Xray Absorpiometry machine. Single
120 slice CI_scans were performed at the L4 level to calculate muscleusirep Tomovision®

121  softwareas geviously describedlb).

122 In-housewJlaboratory assays were used to measure routine haematology and biochemistry
123 parameéters.SHBG levels were determined with the Immulite 2000 analyser (Diagnostics
124  Products Corporation, Los Angeles, CA, US#jh reference range 131 nmol/L Sex steroid

125  profilemeasuredin extracts of serunby liquid chromatographyandem mass spectrometry

126 (LCMSMS)includedserumdihydrotestosteron€DHT), dehydroepiandrostenedione (DHEA),

127  testosteronegstradiol and estrones describedl6). Lower limits of quantifcation were 0.035

128 nmol/L for testosterone (8.0%V), 0.170 nmol/L (19% CV) for DHT, 5.5 pmol/L (8% CV) for

129 E1, 2.5 pmol/L (10% CV) forE2, and0.344 nmol/L (11% CV) for DHEA. Accuracy was

130 consistentsand reproducible over three spiking levels tested, ranging h&%v&&8% for each

131  steroidpwith allCVs <14%.

132 A cohort of 256 age andbody mass indexBMI) matched men were sourced from the Florey
133  Adelaide Male Ageing Studyl7) who werefree from significant comorbiditieswith normal

134 liver function testsand sex steroid profile measured using $heneLCMS/MS assay This

135  cohort included meirrespective otestosterone levels, to describe a reference range for serum

136  estrogen levels
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Satistics

The median and intequartile ranges (IQR) (25th and 75th percentiles) are reported for all data
due to nomormal distribution of parameter8Betweengroup differences were tested for
significance’by means of Wilcoxon rank sum test for comparison of two groups, KWiaked
rank sum test for more than two groups ahdsquared test with Yates’ nbnuity correction in
case of frequency distributiongables were consideregplanatory andnot corrected for
multiple testing. Correlation of sex hormones with other variables was asseisselergall’'s
tau rank coerrelation coefficient becausmvolved non-normabivariatedistributiors and sores

p value<Q:05 conferred significance throughout. The odds rairobinary aitcomeswas
determined by logistic regression (generalized linear model with a binomiaulckidn). The
statisticalsoftware packages R 32for Mac with Deducer 0-7 were used for the data analyses
(18, 19).

Role of the Funding Source

Bayer _Pharraceuticals AG (Berlin, Germany) provided financial support to conduct
investigations, but had no role in trial design, data analgsisnterpretation,manuscript
preparation or the decision to submit the manuscript for publication.

Results
Demographics

Of 268w.cirrhotic men screened, 152 (57%) fell below the testosterone threshala.
testosterone patients were of similar age to normal testosterone patients (55.5 years [50; 61]
versus 54.5 years [47; 60], p=0.063) but had significantlgerni®/[ELD scores (12 [8; 17] versus

9 [7; 11], p<0.001).

102 low"testosterongatients were recruited for ttetudy and were compared with a control
grouprof 256age and BMI matcheohen (Table 1) The median agef the liver cohortwas 55

years [51,"60], the median BMI was 28.8k§/f26.0, 32.5] and 93%f menwere Caucasian.

The median MELD score was 14 [10, 1afjd median Child Pugh score was 9 [7,.12D
patients were classified as Child Pugh A, with 36 and 46 Child Pugh B and C patients

respectively 41% of patients had alcohol as a primary or significant cofactor and 29% of
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patients had hepatitS virus infection.

76 patients(75%) had current or recent ascites, with 35 of these requiahdgominal
paracentesiwithin the preceding 3 monttend 41 controlled on medications alone. 66 patients
(65%). were'taking spironolactone at the time of assessmé8t.patients had gynecomastia
(67%) @and 45 patient$44%) reported altered hair distribution. 54 patie(8%) had recent

episodes of hepatiencephalopathy or were on medications to treat encephalopathy.
Hormone profile

Of the 102/ patients recruited to the clinical trial, 95 patients had stored serumorimone
profile analysis by mass spectrometvith serumtestosteroneDHT, DHEA, estrdiol, estrone

compared with the age-matched controls in table 1.

In the liversCohortserumtestosterone correlated positively with serum estradiol (correl +0.278,
p<0.001)but not withserum estrone (correD.065 p=0.349) Testosterone demonstrated a
strorg correlationwith DHT (correl +0.702, p<0.001).

Comparisonof hormone profile to control cohort

Hormonevlevels in the liver cohort and control cohort are displayed in TabDkespite selection
for low.serumtestosterone, men with cirrhosis had much higleulating estroe as well as
estradid, ascompared tacontrols(controls 133.8pmol/L [109.2, 165.9] and 84.6pmol/L [66.5,
100.5]-respectively). SeeFigure I, b. The close relationship that is usuallyserved between
serum/ estradiol and serum testosterone diatrtedin the liver cohort, with much wider

variation(but similar correlatiohin estradiol levels for any given testosterone |éiF&ure 1b).
Hormoneprofile by Child Pugh Score

All measured androgerisll progressivelywith increasing severity of liver disease. Median
serumestradiol levels were similar across @hild Pugh classes but serwgstrone levels rose
with_inereasing severity of liver diseasé he ratio of estrogens t@dtosterone significantly
increasedwith increasing Child Pugh class. In particular, the median estresms$terone ratio

was over 10 fold higher in Child Pugh C patients as compared to Child Pugh A (413 vs
31.6mol/L, p<0.001)SerumSHBG wasvery elevated across all groupsmen with cirrhosidut

was less markedly elevatedChild Pugh C patientsSeeTable2.

This article is protected by copyright. All rights reserved



194

195
196
197
198
199
200

201

202
203
204
205
206

207
208
209
210
211
212
213

214
215
216
217

218

219
220
221

Page |8

Relationship between sex hormone profile and MELD score

All androgenswereinverselyassociateavith severity of liver disease accordityMELD score
(Testosterone: correl0.294, p<0.001LDHT: correl -0.225 p<0.001, DHEA: correl -0.313
p<0.001)..Serum stronelevels progressively rose with increasing MELD so@erel +0.306,
p<0.001) hewever there was neignificant correlationbetween MELD score anderum
estradiol(correl +0.033, p=0.6405HBG demonstrated a weakversecorrelationwith MELD
(correl=0.142, p=0.393) SeeTable 3.

Rel ationshi p between sex hormone profile and haematological and biochemical parameters

There was a positivassociatiorbetweeneach of the androgerad hamoglobin concentration
(testosterone correl +0.282, p<0.0MHT correl 4.243, p<0.001, DHEA correl +0.189,
p=0.007),and an inverse association between estrone and haemololrai-0.177, p=0.012).
No similar-relationships were seen for estradiBHHBG correlated positively with haemoglobin
(correl:+0:159, p=0.039).

Therewas a positivecorrelation betweerirculating androges and both serum sodium and
albumingaspositive correlation between SHBG and sodianmga negative correlation between
serum estronébut not serum estradiol@vels andoothserum sodiunand albuminThe MELD
components' serum bilirubin and INR inversely correlated with circulating andtegels and
positively correlated with serum estroteit creatininedlemonstrated no significant correlations
SeeTable3. There was a positive correlation between androgen levels and prostate specific
antigen (PSA)serum testosteroreorrel+0.285, p<0.00DHT correl0.282, p<0.001.

Serum estronand creatininewere positively relatedcorrel 4.142, p=0.043). fierewas an
inverse association between serum estiame platelet count (correD.223, p=0.002) that was
not seen for androgens. None of #melrogens correlated with platelet count or serum creatinine,

and estradiol did not significantly correlate with any biochemical parameter.
Body.composition and Bone Mineral Density

19.8% of men had osteoporosis at thmbar spineas defined by T scoreof -2.5 or below, and
a further21.6% were classified assteoperd (T score-1.5 to-2.5). 10.86 met criteria for

osteoporosis at théemoral neck with a further 26.5% havingosteopenia Sarcopenigas

This article is protected by copyright. All rights reserved
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222  defined by height gdsted muscle masg the4th lumbarvertebradevel of less than 52.4cffm?
223  (15) was observeth 46.1% of men.

224  There waso significant associatiobetween androgelevels andmuscle mass by Cor with

225 serum creatinine. There was however an inverse association between estrone levels and lumbar
226  spine bone mineral density (corr®l.145, p=0.038) and a positive association between DHEA

227 and lumbar~spine bone density (correl +0.153, p=0.029p significant correlation were

228 identifiedfor other androgens.
229  Musclestrength, Physical activity and Quality of Life

230 Handgripsstrength significantly correlated with serum testosterone (c@242+ p<0.001). A
231 similar positve correlatiorwas seen between DHT (correl 287, p<0.001) and DHEA (correl
232 0.22, p=0.00pand handgrigtrength.

233 The TimedUp-andGo (TUG) scorewas inversely correlated with testosterone levetsrél -
234  0.368 p<0.001),DHT (correl -0.337, p<0.00) and DHEA (correl-0.269, p<0.00) meaning
235 mobility was better in men with high@ndrogenlevels In keeping with this, the physical
236  activityseomponent of the SF36 quality of life questionnaifeo positively correlated with
237  testosteronecprrel +0.15, p=0.05Q) Quality of life and handgrip strength wetewer in the

238 cirrhetic'eohort tharcontrols Table 1).

239  Serumiestradiol was inversely correlated to the TUG score (e0ri8, p=0.015).There waso
240 correlationbetween eitheBHBG or serumestroneand any component of physical activity or
241 quality ef.life. There were nsignificant correlations betweemyof the sex hormorswith the

242  mental health component of SF36 or sexual function as measured by the ADAM questionnaire.
243 Other.Clinical features

244  Median ®rum estosterone levels wetewestin patients withseverehepatic encephalopathy
245  (3.78nmoal/le[1.27, 12.83]compared to those witho10.85 nmol/L[7.04, 17.96]), p=0.007.
246  Median, testosterone levels watsolowest in men with more hospital admissions (3.26nmol/L
247  for multiple admissions, vs 7.27nmol/L for 1 or 2 admissions, vanirio0L for zerg p=0.025).
248 No such findings were seen for other androgens or the estro@ati.total testosterone and

249  DHT fell and estrone roseith increasing severity dscites. Nasignificant relationships were
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observed foestradiol. See Table 4.
Gynecomastia and Loss of body hair

Serum éstosterone levels were similar in patients with and without gynecomastere was

alsonosignificant difference between the ratioesttrogen to androgdevelsor in SHBG levels.

Both testesteron€6.81nmol/L vs 11.3nmol/L, p=0.005) amdHT (77pmol/L vs 147pmol/L,
p=0.002)levelsweresignificantly lower in memwith selfreportedoss of body hair. By contrast,
serumestradiol(but not estronelevels weresignificantly lower in men with loss of body hair
(149pmol/Lversus 188pmol/L, p=0.017), meaning that these naelserumestradiol levelshat

werecloserin value tohe controls
Spironelactene use

Serum testosterone was lowertite 66 men taking spironolactone than those who were not
(6.73mol/L versus 13.5nmol/L, 40.00). Serum estrone was high€t000pmol/L versus
573pmaelflp =0.00%but serum estradiol unchangéd3nmol/L versus 166nmol/L, p = 0.547)

in menstakingspironolactone. Gynecomastia was more commamongspironolactone users
than nenusers (76% vs 50%p=0.016)and the odds ratio for developing gynecomastia was 3.1
[1.3, 75]; p=0.01 for spironolactonesersvs nonusers Although median MELD sore was
higher in spironolactoneusers than noensers (15 vs 9, p<0.001) MELD score wasnhot

associated with the development of gynecomastia (p=0.53).
Hormone Praofile by Aetiology of Liver disease

In our gohort the MELD score was similar in those with and without alcohol £Xt8sversus
15, p=0.302).There wereno significant differencein serum sex steroid§HBG, DHT, DHEA,
estrogen to testosterone ratios the presence of gynecomasiiapaients with and without

alcoholvelated cirrhosis.

Discussion

This paperemploys mass spectrometrgteroid profiling to comprehensivelyevaluate sex

hormone profile in men withirrhosisand thus providesew insight into androgen and estrogen

This article is protected by copyright. All rights reserved
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statusin men with cirrhosis Despite being preselected on the basidosi testosteronda
precursor of estradigljhesecirrhotic men have markedly increased estrogen les@ispared to
controls We report the novel finding thaerumestrone risewith increasing severity of liver
disease and positivelgorrebtes with features of chronic liver diseaseBy contrast,serum
estradiol.levelsio notcorrehte with severity of liver disease or its clinical sequetdinough
estradiolwas elevate@nd he estradiol to testosterone radiiol risewith increasingseverity of
liver“disease. This data also demonstratat not onlyare lower serum androgen levels
associatedvith increasing severity of livadisease, buthey alsocorrelatewith specificclinical

and biochemicaleaturesn this cohort.

Estrone, due to its very loimtrinsic potency as an estrogen, has traditionally been thoudi# to

a preestrogerof no clinical importance in menin our cohort we observed higher estrone levels
(though_missing statistical significance) the presence of gynecomastianfirming a similar
association™ in cirrhosis reported previous{y). There have only been two previous
epidemiological studies assessing the rolsefumestronein men, neither in men with liver
diseaseConsistent with our findings, in the Framgham Heart study, highestrondevels were
also_associated with adverse health outcomes including higher BMI and increased prevalence of
diabetes ‘and cardiovascular dise2@). By contrast, in a recergeries ofstudes of older
Australian-men|ow serumestrondevels were significantly associated with poorer health status
(21).

Our novel.finding suggests that the significance of seeatronen men should be rexamined

as a novel.general health biomarkefur data are consistent with the possibility that in men
with liverdiseaseserumestrondevels maycorrelatebetterwith health outcomes than the more

bioactive“estrogergstradiol This also focusesattentionon the relevance of the steroidogenic

enzyme 17p hydroxysteroid dehydrogenase which converts estrone to estradialasas the

guestion ofwhich tissieis its activity is disproportionately inhibited in chronic liver disease.

Serumstestosteroneand DHT were positively associatedvith both laemoglobin and serum
sodium. ““Exogenousestosterone increaseerythropoiesis and polgythaemia is themost

frequentcomplication of testosterone theyaf22), thus this relatioship could plausibly be
causaldespite its origin in observational datdhe associatiorwith sodiumhowever is more

likely to reflect an increasing severity of portaypertensionin patients with hyponatremia.
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Knowing that serum testosterone inversebtorreldes with severity of liver diseasdhe
associatiommay simply reflect fallingtestosterone ia sicker patient groupOur obserational
findings relating to clinical manifestations of liver failumere equally consistenfor all

measures of androgen status includegumtestosterone, DHT and the pro-androgen DHEA.

Whether there is a causal relationship betwssmmandrogensand clinical outcomes such as
hospitalization; hepatic encephalopathy and ascites is uncleam, Agalower testosterone may
purelysreflect a sicker patient group, but italso possiblehat low testosteronenay directly
contribute stosome somatia@aspects of poohealth. It is known thatexogenousestosterone
influeneessamuscle mass and funct{@3),and although in our cohort androgens did not correlate
with muscle massthis study was underpowered to assér such alink in the context of
multiple_contributing factor$24). In our cohortcirculating testosterongignificantly correated
with handgrip strength, tindeup-andgo, and physical activity questionnaires, which may be
more prognostically important than muscle m@&. Thusthis study raises the proposition that

low cireulatingtestosteronenayincrease frailtyandthusrisk of hospitalisation

Spironelactone use in our coheras associated with significantly lower testosterone |esadis
higher_estrone levelsas well as the presence of gynecomastiowevey its usewas closely
associateavith increasing severity of liver diseadee to the associated increasing ptevce of
agites. This increase in disease seveitiglf correldes with lower testosterone levels. It is
therefare statistically very difficult to determifrem this cohot whether or not the medication
itself caused or was merely associated with reduced serum testosterongjilerelthe high
prevalence./of spironolactone use (69%). We do know however from prior research that
spironglactonecan reduceserum testosterone leveiewever the effect can vary with varying
doses of'drug26). To better assess the clinical impacspironolactonesex hormone profile

should'ideally be performed pre and psgironolactone.

Limitatiens<of our study includeecruiting onlycirrhotic men with low testosterone leveldue
to predefinedtrial eligibility criteria. If anything, this restricted range of testosterone values
would have,led to an underestimation of the associations with clinical parameters qbesedved
thus strengthens the validity of our findingdthough only %% of screeed menfrom a general
hepatology settingnetentry criteria serumtestosterone levels are almost universally loyrie

transplant cohorts of men with cirrhosis, and low testosteronisel an independent poor
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prognostic facto(5). Thus thdindings reported here are expected to be pertinerthésickest
cohort ofcirrhotic men for whom significant associations may be of most clinical utdityg to

the increased need for new therapies and prognostic markers

Anotheérlimitation, given the possibility that high estrogens may be related togystemic
shuntsf(27)was the lack of quantitative shunt datal hepatgoortal venous pressure gradients.

It is alsoimportant to note here that we are only measuring circulating hormone leweld, a
remains possible that tissue levels may be different as estrone can be converted to the more

biologically,active estradiakithin tissueq28).

Strengthsof this studyinclude the comprehensive assesdnwrandrogenand estrogerstatus
via asex steroid profile with validated gold standatdroidmass spectrometnnpeasurements
Furthermore we studied a large cohort of men with-alediracterised liver cirrhosis, who had a
careful standardizeghenotypical characterisation, and ird#d age and BMI matched men
without chronic liver disease. Given that the significance of “free” testosterone remains
controversial ang:quations such aéermeulen’shave notbeen specifically validatedy direct
comparison. with dialysibased laboratory methods cirrhosiswhere there i®levatedSHBG,

we do not report data aralculated free testosterone.

In coenclusion, the study represents the firsdbmprehensivenalysis of sex hormone profile in

men with crrhosis using mass spectrometry We identified markedly elevatectirculating
estrogen.levelsén comparison to a control growespite low serum testosteronSerumestrone

levels gosewith increasingseverity of liver diseasand were associated with adverse health
outcomesand thus may represent a novel marker of ill health in this population. Low serum
testosteroneand DHT correlted with severity of liver disease and adverse health outcomes,
including anaemia, hyponatremiadueedhandgrip strengitand hospitalisation Interventional
studies=aresrequired to assess whether or not these associations are causal or purely reflect ¢

poorershealth status in this population.
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Tables

Table 1. Harmone profile of liver cohort compared to control cohort

Cirrhotic cohort (n=95) Controls (n=256) p value

Age (years) 55 [51, 60] 55 [48, 62] 0.89

BMI (kg/n¥) 28.8 [26.0, 32.5] 28.3[25.6, 31.2] 0.43

T (nmol/L) 9.2 3.1, 14.42] 15.5[12.5, 19.4] p<0.001
DHT (Amol/L) 0.65[0.31, 1.14] 1.5 [1.2, 2.0] p<0.001
Estrones(pniol/L) 869.1 [576.9, 1331.4]  133.8[109.2, 165.9] | p<0.001
Estradiol(pmol/L) 166.7 [125.6, 227.2] 84.6 [66.5, 100.5] p<0.001
SHBG (nmol/L) 86.5 [83, 118] 34.6 [28, 44.4] p<0.001
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Handgrip strength

SF36mental component

33.0[27.2, 40.0]

SF36physical component 28.1 [23.6, 39.3]

39.25 [30.5, 49.1]

45.3[41.9, 51.7]

52.6 [46.2, 56.2]

56.2 [49.5, 59.7]
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p<0.001

p<0.001

p<0.001

467 Legend./T. total testosterone, DHT: dihydrotestosterone, SHBG: sex hormoneghitaiulin
468  SF36:'shortform surveyData expressed as med@@QR)
469
470  Table2y.Sex hormone profile by Child Pugh score
Child Pugh A Child Pugh B Child Pugh C p value*
T nmol/L 14.5 11.0 3.22 p<0.001
[10.4, 18.9] [6.68, 18.0] [0.95, 8.98]
DHT nmol/L 0.96 1.03 0.37 p<0.001
[0.48, 1.12] [0.57, 1.58] [0.00, 0.71]
DHEA nmol/L 3.25 3.29 1.63 p=0.001
[2.24, 4.47] [1.61, 4.98] [0.90, 2.63]
Estrone pmol/L, 492 915 1108 p<0.001
[275, 655] [600, 1345] [802, 1599]
Estradiol pmol/L 148 179 166 p=0.654
[102, 221] [135, 234] [126, 218]
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Estrone/T ratio 31.6 75.6 413 p<0.001
[21.5, 61.5] [49.1, 126] [128, 1419]
Estradiol/T_ratio 10.9 15.5 50.9 p<0.001
[9.2, 13.7] [11.8, 22.7] [21.3, 181]
SHBG nmiol/t 91.0 97.0 72.5 p=0.071
[37.8, 110] [70.8, 126] [47.5, 109]

471 Legend¥ T total testosterone, DHT: dihydrotestosterone, DHEA: dehydroepiamédisine,
472  SHBG: sex hormone binding globuliData presented as median (IQRB way comparison

473
474

475  Table 3. Associations between sex hormone profile and haematology and biochemistry

MELD Na Bilirubin INR Albumin
T
Correlation | 0.294* +0.344* -0.248* -0.254* +0.15*
p value <0.001 <0.001 <0.001 <0.001 0.035
DHT
Correlations | -0.225* 0.270* -0.182* -0.195* 0.133*
p value <0.001 <0.001 0.010 0.008 0.065
DHEA
Correlation | -0.313* 0.200* -0.268* -0.249* 0.263*
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p value <0.001 0.005 <0.001 <0.001
El

Correlation, | +0.306* -0.208* 0.317* 0.309*
p value <0.001 0.004 <0.001 <0.001
E2

Correlation | 0.033 0.076 0.050 0.063

p value 0.6400 0.289 0.471 0.384
SHBG

Correlation | -0.141* +0.161* -0.077 -0.199*
p value 0.039 0.020 0.257 0.005

<0.001

-0.274*

<0.001

-0.091

0.202

+0.088

0.202

Legend: T: total testosterone, DHT: dihydrotestosterone, E1l: estrone, Ediobsttad:

luteinising._hormone, Hb: haemoglobin, Na: sodium, INR: internatiom@malised ratio,

*statistically,significant Italics: not statistically significant

Table 4. Sex hormones and severity of clinical ascites

Ascites T DHT DHEA Estrone
(nmol/L) (nmol/L) (nmol/L) (pmol/L)
None 14.18 0.98 4.33 492
[10.9, 18.9] [0.50, 1.57]  [2.18, 6.17] [286, 736]
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Mild, salt modificatior 8.79

[3.91, 14.2]

Moderate, diuretics r¢ 9.28

[5.03, 14.9]

Requiredparacentesis 2.94

[0.89, 8.17]

p<0.001

0.65

[0.36, 1.41]

0.72

[0.47, 1.24]

0.33

[0.003, 0.79]

p=0.001

2.64

[1.07, 4.64]

2.64

[1.31, 3.48]

2.12

[1.36, 2.95]

p=0.054

923

[789, 1465]

1008

[808, 1327]

1065

[788, 1660]

p<0.001

Legend: T1total testosteroneData presented as median (IQR)value refers to overall change

Figure 1la. Estrone verstestosterone levels in cirrhotic cohort and control cohort

Legend:black represents cirrhotic men, grey represents conffbiks.regression lines

depieteduintthis and the other figures are indicative only, and we relied granametric

correlations, adescribed in Text.

Figure 1b. Estradiol versus testosterone levels in cirrhotic cohort and amitost

Legend: black represents cirrhotic men, grey represents controls.
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