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The Effects on Visceral Fat and Cardiovascular Risk Factors of
Testosterone Replacement in Secondary Hypogonadal Men
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Kyong Soo Park, Hak Chul Jang, Seong Yeon Kim, Bo Youn Cho, Hong Kyu Lee

Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea

ABSTRACT

Background: Increased body fat, abdominal obesity and insulin resistance are important clinical features in
hypogonadal men. Several studies have demonstrated that a low testosterone concentration in men is associated
with coronary heart disease, visceral obesity and insulin resistance. In this study, the effects of testosterone
replacement therapy on the abdominal visceral fat and cardiovascular risk factors in hypogonadal men were
investigated.

Methods: We selected 26 men with secondary hypogonadism (mean serum testosterone + SD 0.39 + 0.57
ng/mL), who were then treated with testosterone for 12 months. We measured the body composition, including
the abdominal visceral fat area by abdominal CT at the L4 level, both before and 12 months after treatment,
and the lipid profile, fasting plasma insulin, HOMA-IR and the serum homocysteine, CRP and IL-6 before and
6, 12 months after treatment.

Results: With respect to the body composition, the lean body mass had significantly increased 12 months
after treatment (P = 0.002), but there were no significant changes in the body fat mass and abdominal visceral
fat area. There was a trend toward a decreased fasting plasma insulin and HOMA-IR, but this did not reach
statistical significance. The total cholesterol had decreased significantly at 12 months (P = 0.04) and the HDL
cholesterol decreased significantly over the course of study (P = 0.02). There were no significant changes in the
serum homocysteine, CRP and IL-6 after treatment.

Conclusions: After 12 months testosterone replacement therapy in the 26 men with hypogonadism, the lean
body mass had increased significantly, but there was no significant change on the abdominal visceral fat during
the treatment period. Testosterone replacement had deleterious effect on HDL cholesterol, but not significant
effects on insulin resistance and the serum homocysteine, CRP and IL-6. These results suggest that testosterone
replacement therapy may have a few adverse effects on cardiovascular diseases in hypogonadal men. However,
it will be necessary to examine the long-term effects of testosterone replacement on the incidence of cardio-
vascular events as well as the cardiovascular risk factors in men with hypogonadism (J. Kor Soc Endocrinol
20:252~260, 2005).
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M B

WA ARSI vl e HY g e
w ARET] o] ol WhAgE Aol FE AR F71, AlA
W Eeg s TEE 2 2RE (libido) Z4, W
A, BAEAHT e TS, HEEdol, BA Aol a3t
7] A& Fol vehdtl WA AAVIsAEE Rt
BIEXHE HEX 8 S 4he] A AVsS Y
A7, AR THgs STHRI7IR AAS AT
THEE e 5 AT ARl fo3t 2t e
Zlog Haxy 9lrH1~5].

WAL vzt Ao #77] A oAl vlsl S44733)
4 st = Azt HEFe] ol3keat AbE
o] Zout Al F o347 vlwA] FES] Xt HolA=
Ao g cHe]. olxl el wE HEE X7t of
AolAe o|2ERANS] 5475 Al WA=
HIREAEH 2] ol 7|Q1g Aog AZsleiel. vlefbA
Pl HAEAEHE BEX S0 AEiAste] AEde
=9 Zolgh= 7t AUk AR At ol Wd7ke] o
TE FlE dHaExElEe sl Aol oF
o] ARAIE T3 AT e Q3] U HliE
ZEE b dAeA e Asks 293k Adad
2t dAde] givka Ewslar 9lel7~10]. HSe| ¥4
A7 A= AN Sk deaAgA oL
o AAEF 5 APt AFIAEE -SRI o] o]
oA AdERte] ol3kgat AMdEY Fe3k At
=3 Qiek ulebA] B dHlE st AdaEsl 93l
A9 IAE sk HAEAEE X8 Adids)
Al v|R|= ke dolEe AL MdHoR Fa
stk @A AA715AES EAoA HILELHIE A
E7} AE3ARe| ulX|= ofk thefsiAl Hars] sl glo]
ZAEo] A b2 Aellolck tiEAQ] el dFAA
of] mX|= d3ks E HDL Z#l~slE-2 #ish giv &
oA % Fell~ulEx}t LDL Falls|Eoll tist Avbe ok
oFstri11]. g BE dolld AdakAzte] uldgA]
2¥deizlel &% homocysteine¥ &% CRP, TNF-a 5l
IL-69F 22 454 QA theh Hi-EElE X8 a3E
thekslA] Basla gr12~15].

WAollA] HR vtk gl AEXE| R AT 2 2ATEE
=29 5 et sl Bl 9low[16~18] B4
A7 s 3R] tiEA el AR ST, S35
& vlRke g2 vER e A2 o)ZlE sikdslar gick &
5 vk AldEste] 3 ARRI IEHAA,
4, 38sh, EF A-oldat Hzle] glow wehA] H2 4
ARt ApdE o] e Zle® 4#A gieh19]. &
3] B8 A F WAoe] o] AEIAE Zoledl A

=

AR o Adto] 9= Aoz gEA k. FA A4Vls
Aalg TAolA BILELHIE X FA] AA|o] Fazgict
= A A& A AN dlRELHIE X 87F S5
Ardol] WXz gl oigt QA= BA gk

A7 oxH AAAERE WA 3ERlellA] EllElH]
E HEX 87 55 WAe 333 Al Al of|
A X EAE dob izt Algelgich wegk A
Sloll mIA = ofaka dobir] Sl EF AA, damAF
Aofl W3k <33k, 1 2] ulAE] AERERE 3Rl
F3 homocysteine, CRP B! IL-6 5ol| tgh odgkol] thslA]
5 ol girt.

1. CHAL

A7V sABE (BT HI=ESEIE 55 039 £0.57 ng
/mL)o& Kehike- w2l 3kt 267 (%: 20~6841], ET
439 = 12442 e R A7t A=At A4716A
shze) AU 23] ol oplell 248 UF HAEiHE
S5} 2.5 ngimL. vlRleln] A71se] AshE Mok A%
2 oileh i SRS B ol AAIEAIEE
Alolm o]F2] 7|#] Ak Table 10 YehHACL $HA=
% FTIEE|F|EE E83he A= 231 (88%), Bl
AE B83tke e 227 (85%)0l9en] AdeERs
Folalar Qe = 19elle). 3= FollAl A=At
o} TFo] A4 vlthgat Fo] BBl HlE X geofl 9
3 ook o gl Aske M A= idek

e Aol 12714 54t BlaELEE X85S 819l
t} 227 9] 3= 78 E|A~EAH|E (testosterone unde-
canoate, Andriol®, Organon)< 1% 120 mg WA 160 mg<
8310, 4] e FARE HIEELEE (testoster-
one enanthate, Delatestryl®)2 33 WA 45=u}c} 200 mg4
=54t Bk

2. §7M =4

%85 A3 X5 F 6, 127145 bioelectric impedance

analyzer (Inbody 2.0, Biospace CO.Ltd)E o]gslo] x4

Table 1. Underlying Diseases of Study Subjects

Diagnosis Number
Pituitary Adenoma and its treatment 15
Craniopharyngioma
Germ cell Tumor
Rathke’s cleft cyst
Idiopathic 1

Total 26
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Table 2. Body Anthropometric Data of 26 Men with Hypogonadism Before and After Testosterone

Replacement for 12months (mean + SD)

pretreatment 6 months 12 months
Body Mass Index (kg/m®) 25.6+3.6 27.1+4.1 272 +45
Waist to Hip ratio 0.92 +£0.05 0.93 +£0.01 0.93 £ 0.06
Fat mass (kg) 20.8 £ 6.0 22.1+7.7 21.9 £8.0
Lean body mass (kg) 51571 52.8+8.9 54.5 + 6.8
Abdominal fat distribution (cm)*t
Total fat area 356.3 £ 115.2 350.5 £ 133.6
Visceral fat area 137.8 £ 46.2 140.9 £ 50.0
Subcutaneous fat area 218.5 +£102.9 2034 +77.4

* P<0.05 t n=16

Table 3. Metabolic Characteristics of 26 Men with Hypogonadism Before and After Testosterone

Replacement for 12months (mean = SD)

Pretreatment 6months 12months
Fasting glucose (mg/dL) 91.6 £ 10.1 91.8 £ 16.4 88.6 £ 159
Fasting insulin (UU/mL) 105+7.2 9.7+72 82+t44
HOMA-IR (UU/mL % mmol/L) 240 £ 1.71 1.92 £ 1.47 1.84 £1.13
Total cholesterol (mg/dL) 229.6 £29.7 228.7 £ 40.1 213.6 + 32.8*
Triglyceride (mg/dL) 217.9 £ 96.0 220.8 + 136.7 1854 £73.4
HDL cholesterol (mg/dL) 452 £ 8.6 41.6 £9.8% 40.2 + 8.6
LDL cholesterol (mg/dL) 134.1 £33.5 1434 £ 36.1 1352 £339
* P<0.05
2R, AAEE AR 253 SEl-m5 =98] 5 A 6, 12719xlell Z7d319ck. &4 homocysteine< AboottAt

T4 ALES FEsich 57 WAAS 48] Sl
X8 A} A5 F 127094 55 CT (GEA Genesis Hig-
hspeed) S 4% 8% Y10l A|gelo] B 5 A )
A 2 A bEE 43819k ofull Hounsfield
Unit7} -250~-5091 Z21-& zuko g 7153}9ich

3. ol=BINErM

A=Al Bl edake golrr] Slel Xz Az
XE F 6, 1270EA] T It IF <= (BioSource
INS-IRMA Kit)S ZAslo] el&=lxglAde] A 3%l HO-
MA-IR (fasting insulin (mU/L)*fasting glucose (mmol/L)/
2.5% TGk 9F AL T UF 5 FelwlE
I SAAY B HDL Zdl2-dlE2 5431913 LDL =4
ZHES 9% %’“Xl‘”(’l 400 mg/dL ]l Z-poll= ¥
FelzvlE - (FAAYS+HHDL FalElE) F2lol <3
Fsiglov], wek 8% F4Ael 400 mg/dL 0|42 2
olle BFollA AH S8k

o
13

83 13 53

4. 83 homocysteine, CRP %! IL-6 53

4] homocysteine, CRP 3 IL-6+= X & A3} X5 ¥

9] automated immunoassay analyzer (AXSYM® system) =
Z4s19ick. &4 CRP= Toshiba 200FR analyzerg ©]8
o] latex immunoturbidmetry 2 ZA3}9 3 EA IL-6=
Pierece biotechnology~F2] EndogenollA] 1}-& SAIE AL
o] ELISAZ 24319tk

5. &l=4 gl

I — T B S

oJ|s @7t
e g 47159 ke sk e ojud RS
B3l olFelzlom wisgh, Wi, otk 5 ARt

o] S el teiA = Aie] o] FoiFirt

6. HAS

m

dZ AL Bo| 312 PSAE X & A X8 F 6
12715} PSA-RIACT (CIS Biointernational, France)Z&- ©]
$olol WAl S Bk B HlokE
=59 QAL A8 A% AE F 6, 12749 =

Belsiek

7. EH &M

N

BE AR e BT+ FEARAL EANAE, HaE
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Fig. 1. Fasting insulin and HOMA-IR in 26 men with hypogonadism who were replaced with testosterone for 12months
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Fig. 2. Lipid parameters in 26 men with hypogonadism who were replaced with testosterone for 12months

ZHIE A8 A 3o vlae el T AAeR vlazsis]
t}. A Spearman’s thog AME3slo] BAslelom p
<0.05% uff EATA FelAle gk
2 o
1 AT

FAE] AR T2 X E Aol wlel] X& 12712
& golslAl Zrksld ot (515 + 7.1 vs 545+ 6.8kg, P

<0.05) HAM, A-ZAF, 225 s XE Hol
vl X5 ¥ 6, 127197 felsh WskE Holz] ¢kgh

(Table 2). 55 CTE Als§et A} X8 A% B4 F A
A, WA A, FsiA WAl E felgh Wbt

IEE]A] ko) (Table 2).

2. Ql=EiNEtd 3 83 XA

HIAEXHIE X8 AE F54] I, g% Q<&+, HO-

MA-IR, 8% 42| Wish= Table 33} 3tk 35 8% <
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Fig. 3. Non-traditional cardiovascular risk factors in 26 men with hypogonadism who were replaced with testosterone

for 12months

37 HOMA-IRE X8 Fol| vl3l] X5 % 6, 127044
Al ot EAF R folsiA] otk (Fig. 1). 354
I} I3 9l HOMA-IRS A28}, AR 283 A
A, slel-w S, S5 A w1 gl gl
W wA T AIEHAIE HolA] gkl F FallElE X
E Aol w3l X5 & 120EA] A sk
(229.6 £29.7 vs 213.6 £ 32.8 mg/dL, P <0.05) HDL &
PSS X8 Hel| v]3)] X & 6/NEEE] FofsiAl 4
slo] o]F 127HE7HA] A&EQIk (452 £8.6 vs 416+
9.8, 40.2 £ 8.6 mg/dL, P <0.05) (Fig. 2). L &] SAAM}
7} LDL ZEl=elE X5 A9 FoJgh Msks Kol o
tek EF AA S5 WA v gl 2leA) A
Folgt AIIAIE HolA| ekojrt

3. A& homocysteine, CRP %! IL-6

A homocysteine, CRP 32! IL-6+= X|& A% {23t
W3S Holz] ¢kokr (Fig. 3).
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ok
N,

o] e Zashe B4 ek PSAE X8 A3t X5
% oMY, 1270gell 2 08+ 1.2, 0.9+09, 0.8+0.8
ng/mLE FAx]o] felgt wstE HolA] giojrl. P4
9l sufEasle X8 Aol vlel X5 % 670, 127190
212y o)Al Zrkslodeh (M4 132 +£1.5 vs 142 +
1.6, 147+ 1.5g/dL, P<0.01, smkE=3] 38.3+£3.7 vs
42.0 £3.2, 43.1 +3.6%, P<0.001). Z&} G4 9 &)
ke8] ZTFE Qlele] FoF &5 FERIAY Tk
T A= Qldick 2 9] duBRPAE X8 A% §

o3k Werh qigiek

]

I

WA AA71sAsS B A71e) gkl Aol Ak
b opde), AAe] Fot skar A S5 Y EHE
7} b 5 ATA ARels £ X3 At vehd
ol G2 HIAEREHE F2E 7 dA AATE A
3} F 7 FElgE A2 ARMke] Ztolv WY ol
A I HIAEREE S5t EwAA, AT,
sle]-w Eab), S5 uikt felgt ASaApE Jes
HolFa Qlrl20~26]. &5 v]nlo] APAAS T} Fimrgo]]
Kol ZRHR I e A ofv] & g glow
53] B8 WA e] o]l s Eolwdl Tash Ugle
2 HA giek B AAsAss dAlA] AR S
7kslo] 9lar viRkEAp) g A 55 aEfsh ElaE ]
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E X7} AAE 55 WAl v]X]E gk otk
© 2L g Fasih B AFellAE o X A4
71sAE S $A BAE e g AT 9l IF HlaEAE
E X sshe AFA AR wiskE X8 A = vl

. 3RS AT, dlelmF wEh), AR X s
S el HEb) giglen 5 CTE Al¥sle] 4%
B F A W, WA wiE, s mAs X8
S ok vzt glolel. AT AR 5 A 25F
< X8 1270EA] FolaiA| S7ksle] o] 9] Aol H
e AT Bk Seidell 5271 23789 Fd vl
AA 8747t Bl ElE X EE 3 A 55 Ul
Azt JERIA A o] ZHAE|rkal Barsle] el ~El|
E T2t B4 nnta QERiA gl oAby dgS Ko
Frk B3] o] ol HAEAHIE X5 F x| - o]
v} FlalA ol F-oJ3k wist glo| = iAol Zhask 47
& Ho ol HIREXHIE 57t AT EAgE 3|
7} 928 HolFr) Seidell 52| 379} B oA A=
o7} Yl o] £ Q) o] X A4V eSS 7t
23S dido g Aledslo] o Al dgtom H ol
TollA F2 AL3 L BlaEAElES] AE S3o] &
T HEERHES A33kla a3kE JER]el F5)
97] wWiEY = k. B dFeAE HAELHE S
T2 2 WA 2 B3 715 24, oA Sk
el A 7t 5 LS sl 24E 3187] wliidell
A A UAEAHE Tt SAEUEA HEs] 3
718k = gloks FAPde] Qlek 2 odte} G fafe] 73
T-& H2EXHES AP 7 512819 dToliE |
5 ¥ 8% HEEZEHIRo] ST Al =
S FIAaL AT ES] HiskE 7)€ dFERY =2
A& 1271e)] Yehyleh B ol e X 5ol v 8
F HIEESHIE 55 A3 S48 33a o 3
7t Aowm X87|7ke] 127042 W Ax odte] Algd
olz} s}Alc.

AR71sAsE EA Al AR o] F7FeE Stk o}
Yl thAs30] thelst sldel s Hol7] uhitel w2
EreEEsst derlxdAd el Bl ik B 97t
o]Fo]A|aL gtk ol Aol T HIAEXHIE FEt
JETASA T A3k AR o] glow AL HIE
ZH|Z (bioavailable testosterone) =7} 58 = el&zl,
C-peptide, HOMA-IR®} A4AAAT} S-S HolFgich
[22~26]. Z BT FANA HIEEXEE X 8A] &
AAS A7 B X F A BlAE R 55 Y
75 Hol ZAFIYAL o] FE EH WA e 7]
Qlgkchkar B3k v glek27]. AN oFA7HA] El~ElH|
£ 5 X 5ol W QlETAAI ] Hs Ao
AR wlg} wiAE]=Rol] tisliAl o]7de] Sk 2 o

ToAE BlaEsElEXE & EslgAe] wsks &
opi 3 SRR L] Aol sl Lobiokel 9HA]
AFslze] AT S WA AL v HE
A& F Wzl glodor 38 dF 1E7l7 HOMA-IR}
ARAE HolA ¢gigirl. 35 ¥% ¢1E7lF HOMA-IR
T AR ¥ 2L A Hilot FAReR fefiAle
Skoket o] HIREZHIE X gell whE QlEAgA A4
o] F= Aot ERuAAe] Hatel] o3 Uofii=
o] & Aol ol A Bl B4 igAke] wskrt
AAsA ok wiite g Azl wlehd] Hl-EEHlE
o] QIR Ael wIX|= A dohir] fleii 3t
S5 HlEu RS Adslo] A7 X 5ol whE wWiks
He Zlo] Fesirka Azt

Ao HIZEZEIE Fok Aagke] HAlel o
AE oF] =gto] WrH7~10,29]. eyt W dellA
A Agle] Agt Fro) vliBlEblE FE Aol 94
FPAPE 98-S Harsila30,31] YA AFsigsol v
ok IAEF, AEARA G o] AgakEste] At
2 de] g 2457 HIAEREE FEe) 74t U
3 BAE Q7] wliiEell A7 sAIsE A2l ol Slof
A AgaEste] o3kedt AtEE Fo3k AP Hck
A BliEXEE TRl AdaAste] fgixlele]
PAE Lopial HAEXEE X o] upZ W3E Joli
= 2 Fosih dEAQl Agadst ARl %
AAol| vlX e BliEXEEe] ErhE 2l Ae|Ehd] gk
oldor e FoIgt ¢ P HDL FaldlE=s <
u] Al ZHAAZITRE Aol o]7de] §loi32,33] X|&
2] HIEEXHIES FoA] B Aol vX= arh=

FolAl Hawlx gle] €% HDL Fal-HlE wHip}
AU oFzF Zazdivls At tiiRelw F FeldHlE
¥} FAAM 9l LDL Zallz=vlEel viside Azl chekst
tH11]. & QAollie ¥ FalzElEe] X8 12709 ¥
ofslA| 74sl9la HDL FalaHlE-S X8 ¥ 67195
FrolsiAl zhazslo] ol$ 12719714 A<=k 2 5128]
o] qdfolld e FEe PF vlaElEEo] FAEA e
Zelelld = HDL Zallz=vlEo] 7h43t ZAnks Barslar 9l
o] #geke] BlAEAHIE %] BollXE HDL FalE|Eo]
28 270l s o Jrke e HodFelek E |
Ae G A4, JETA 22 AR Adnast
ANHEAA of2lell vIARA] AEIdgke] FIAE &
2% &% homocysteine FE2} CRP, IL-6 5 IS2IAE
HAEAEHE X8 HEE v|wsldck FF homocysteine
e WSk AT WARE dste] 9lew CRP,
IL-69F 22 454 A A8zt ol3E Hrlsle
T3 AxE AgE Qlek o] v HRl AdnAst
o] glgdelRel el T ElZo] u]X|

r

e
b

©

i

()

2
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A QA e} B odTtollA] " homocysteineZ} CRP, IL-6
T X5 A o3t w3kE Holz] gokow o]xle] Hy
Ao}l 3kl & ol HlAEAEHE X 55 uAEEe Ay
AR QIR 2 e XA gevke Ae & T
Qlr12,13).

B Ao A e BlnEXEE X 8ol uhE FAE-S Al
R27] $Jele] PSA, A4 1 snfEzE], ARisler AAE
ZAslqck A4 So] 3 PAl= X5 A F felg
SPF i A=A vltlEe] S4E a4k A 39k
th. A4 g snlEasle X8 e/dRE el S
o] 127097H] fAEIG o A4l el fA1=13
3L o] 2 Qlele] FoF G5 ks FkE SR 3
A gk 9] YA XE A% o3k W)
= Yk wEbA] tiEEe] Al HAEAEIE X B
H| A PAsAl Al = ek gk vl= o]l WEAl
Al o3l 7} F A thFHEe] AjellA] A7]5ol
Axar ghe] Ho| ghgulddy gkt glo] 2 £8%
Bl

B AFE Qo F2 HslrA| Akl 71k 0%}
A AA71sAsE WA s e E 127187 e
ZEE X &S 3 A AR, 55 WA QlERiA
AL W3t glod ot A FEF Frbseich 5
AR F F Z9l28lES} HDL a2l 2H4sielom
&2 homocysteine, CRP, IL-6 52 ¥i3}A] ¢kokc). A&
AR APIAE T HDL FalzslEe] Faslo] sl
qgko] QAR A Tggo] FUIER QeI
ke 3AEE e Holw udEEQl Adakast 93
Aol AeFe FA e A o sl izl
u X e 2 LAV 54 g Ao E A7tEI: 314
ok Holgtyl AL 35 did o & whr)7ke] X 83t Aylo]
B2 AdAzlel tigt 1S Ads] Hrishr] flsid o
B2 3 e E Ak X8 A7) Fulkelord A
o2 A7ZkEh B ol Ay} blaEXElE X8 ¥ RE
o] A7lsel ZA= I 4] Ho| == 5 gt Aol
o AEaAst QA vX|e ek Fs| =4 ¢k
3 BAE-L A9 glo] WA AATIsAsEs AlellA Hi
EXHIE HSX85e A5 Axslolof & Zlog Azbeich
A HRE2EHIE X589 AR u|X & g
B AFE EJIsto] obF] AEo] LA o5 AelE 3% T
e X s e g HAEAHE X8 S3kv) 7|7l u
vl TS oA Adabagte] At v
AeFe A sl TR AAVsAss WA
SAjelA] HIZELEIE HE ool Adabagte] olskaat
AgEol| uX)& ddFE goltie Ao] Fad Zlog A
7kt

u fot

i

(=) ok
£ =

AN 7S As A A SoL S
ulak, QIERIASA o AP A=) E3] &
Hhe] 3 o] 5 A U HIRELEHIE FEet i
o] Qlrk 12y HAA] HlAEXHIE HEX 871 At
Azl S5k} Azl uix]= gk veksA B
S Qiek B Ahe $A AAVTsAERs SAE o
07 HaElHE X8| wE AT w3}, B3
5 U Ae] wskE dopE ) AJsleict. st €]
ZEXHE X5l wE AERARE 95AAES] Wit
A= A H gkt

Wl o]Xy A4l sAssoE Zdk vk A} 267
o] FAE o g 12097 HIEXEHIES Folsoich
A=A, slel-w5F 2dh), AR, AR S5 5
AT Qe X5 AT X5 F 6, 127190 4391,
49l 9 BL|A] BE CTE Alsslo] H5 F A A,
WA WA, sl WA 55 X8 A X5 F 12
el F8siedet. 35 I, d5 ledl, 9% A4, &
% homocysteine, CRP, IL-6 5= X|& A3} X8 % 6, 12
7ol FAsl3ick

b "Bl "E A5 A Al AR Hblle
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