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ABSTRACT

In middle-aged men, abdominal obesity has been an important risk factor of coronary artery disease (CAD) as well
as a predictor of hypertension, dyslipidemia, insulin resistance and glucose intolerance. Particularly, risks from abdominal
obesity increase when adipose tissue accumulates in visceral compartment. Many studies showed that weight reduction
by caloric restriction improves abdominal obesity and reduces lots of cardiovascular risk factors. Testosterone treatment
also results in a significant decrease in visceral fat area and normalizes endocrine metabolism. However there is no
study that compare the effect of caloric restriction with that of testosterone treatment. The purpose of this study is to
investigate the effect of caloric restriction and that of testosterone treatment on body fat distribution, serum lipids and
glucose metabolism in male patients with CAD. Forty five middie-aged overweight-obese men with CAD participated
in 12 weeks’ program. They were matched with age, body weight, body mass index (BMI) and divided into three
groups ; control group (n = 15), caloric restriction group (—300 kcal/day, n = 15) and testosterone treatment group
(testosterone undecanoate tablets, n=15). After 12 weeks, control group did not have any changes in anthropometries,
lipid profile, body fat distribution, glucose metabolism and hormonal status. Expectedly, caloric restriction group showed
decreases in body weight, BMI, waist to hip ratio, % body fat. Ten percentage of total cholesterol and 23% of triglyceride
in serum were also decreased. In body fat distribution, total fat areas at both L1 and L4 levels were significantly
reduced in this group without reduction in muscle of thigh and calf. However, testosterone treatment group did not have
any significant changes in body weight, % body fat, serum lipid profile and abdominal fat distribution. In conclusion,
weight reduction by caloric restriction is more beneficial in body fat distribution and serum lipid level than testosterone
treatment in overweight male patients with CAD. This result suggests that modest weight reduction is possible to help
decrease risk factors of CAD. (Korean J Nutrition 36(9): 924 ~932, 2003)

KEY WORDS : abdominal obesity, weight reduction, testosterone treatment, caloric restriction, subcutaneous fat,
visceral fat.
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ATFNIARE 2001~2d A& ARIEA s
s 82 5 Adeuzgdett Hot & %*‘ro]”‘hﬂ’q
7ol 50% ol Fato] dkld BFFHAsE dA &
AR 45~68A4] (56 £ 241), o|AHAIFWME-So] 110% ©¥
= ZAEx]4 (body mass index : BMI) 7} 25 o]4d<!
HAFAE oz sl ol F Yo, AlF, BMIE
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FoIF7] A8 AS 47 FAL 19 160 mg¥, olF 8F
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2. THIYY

1) SN, AIE M31T ¥ 953 A

JAAZLE A7 AFS S5 o gAFHEE
(percent ideal body weight : PIBW) & AAAZE (kg)2
{(A7% (cm) —100) X 0.9} 2 vhe ¥¥-& 3, BMIT A
% ke/A (m)® #he ARESISITE AR WE-S (% body
fat) ¥} 253 (lean body mass : LBM) < Body fat ana-
lyzer TBF—105 (Tanita Co, Japan) & ©|&3lo] A4 &
itk 3 dYAE HHS vl Al A tapeR
g} dio] g SAste] Rt AE2A 3
9} oJido] E#H] (waist to hip circumference ratio :
WHR) & ARS8l E9he AEa FUg Azl 108
o} Y AHIE fXAZ F AFEUAE ARR3] &
Asisich

AAF NZE A] 24713 38l sl AF AHEE &
o151 11, 1Y 9 3% (total calorie intake : TCI)
B S goFstslr) Aget g7k 22 73890 CAN
—Pro 2.0& o]&3ld FAsilon, Z4zke] A o=t
o ¥t 7]Z2t)A}3 (basal metabolic rate : BMR) < Ha-
rris—Benedict B3 4)& o]83to] Foka, 1Y EF 2%
2 (total energy expenditure : TEE)-S 24A|17 &54+
BE 7|85k WA S52S sl Atsisich

2) oY A R A 5T £

AL B obd THA| Fdlox st A F Fa
AHE, 2AAYE Auto Chemistry Analyzer Express
Plus (Chiron Diagnostics Co, MA, USA) & o|&3}] &
2o Z EFA8 1, HDL Z#AHE (high density li-
poprotein : HDL) & AAAE 0|43l {u|x7] (chylo-
micron), AYE A (low density lipoprotein : LDL),
ZAYNE W (very low density lipoprotein : VLDL)
< FAA F 45de e HDL FolA SAHES
oAl Ao 2 £3319c) LDL Z8 4852 Frideman
o] FAE olg3] AT FUASASG (athero-
genic index : A& F ZdAHSolA HDL SdAHE
< Wl 718 o}A] HDL EeAHE o2 o] EAEI8]
t}. &3 apolipoprotein Al, B 5= So] gdyalo] 3
AE Pz vjgka o g 340 nm3PEolA] Immunoturbidi-
metric analyzer (Cobas Integra Roche, Swizerland) £

2333k

O

3) 2EE 5% 5%

3222 SHBG, testosterone, IGF-1 & & 533}
9t} SHBG #%+ Diagnostic Products Co (LA, USA)
oA Az kitE AHESI] HAHAAIFSEY (immuno-
radiometric assay : IRMA) 2 2 =439 11, testosterone
=% = Diagnostic Products Co (LA, USA) Sl Alx3t
commercial kitg ARS8t BAFASH (radioimmuno as-
say : RIA) o2 EA315c}. 38 androgen A (free
androgen index : FAI)+ total cholesterol (nmol/L)&
SHBG (nmol/ L) & = #¢ BiE-8-2 AR83igitt IGF-
1 5%% y—counter COBRAT 5010 (USA)E AMg-3}
o] RIAY o2 #4313}

4) 355} HA A Y [EAIRN BT £

73T 353} A} (oral glucose tolerance test : OGTT)
v 35 A F 75 g8 X9 ATk 30+, 60
B, 1208 ol 47 Agsilnt. 92 x5 Aslas
Hoz FEAWAE (free fatty acid : FFA) Hitachi
7150 Autoanalyzer® Z&43kgich % HA (glucose
response area), A WAE WA (free fatty acid respo-
nse area), &Y VA (insulin response area) < Z4Z;
g9, AL AEd whg JA A 34 ol HA O
2 Axksich

5) HTE 85 292 SO NG X 28T 5%

AFE &= #9L Computerized Tomography (Hi-
speed Advantage, GE Medical System, WI, USA) & ©|
23}19] lumber spine & 1¥3} 474 FFsh= FF9 7}
S8 sl o] 394 Hounsfield number —150~
=50 &3k FAE FHst F 55FA AAE 78
gt HR¢ vl Buhs AAR AFS WA wA
(visceral fat area), ¥PZ%-g F5HA W ©3 (subcutane-
ous fat area) 22 3to] WAL F3ItE tE FHH
(mid portion of upper border of patella and greater
trochanter) 2 #<3}9] Hounsfield number -49~+100
o &3h= WAL e WA (thigh muscle area) 2
2 393, Hounsfield number —150~-50¢1 £3h= ¥
AE =45t dEAY WA (thigh fat area) ©F 33T}
YEZS ddL AFoz o] @y AT &5 9
(cm?/kg body weight) 08 ARE-3}Ic)

3. Az FHAE
AT 28+ Window-£& SPSS package 11.0 (Statisti-
cal Package for the Social Science, SPSS Ins, Chicago,
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oA 7717k FF B 1,933 keal® AFH8I oF 285
kcal 74" A0 E YEITE (datae AAEHA] 948). Te-
stosterone TS HA 2,312 kcalE HFH Aoz %
ArEla AE 77HEQY HE 2,362 keals AFH k] H
A AREE TJUE fX8k] AAF AHFeE g vzt
7 AREE BolFrk & A testosterone T
AR & HoFith

[ 2r=1

2. G N[A R opRAITH SO Mo}

S SN FAAY FoE AT AF W 1936
mg/dlA 1257 AALe W & 148.7 mg/dle & 43}
of oF 23% 4 EHE B o, FYAHE FEE 219.2
mg/dlelA 196.1 mg/dIeZ 7asled ¢k 10% 7483
o} (Fig. 1). LDL FE2HE 5 #Aasialov #2%
Ql =52 oj1gla, apolipoprotein B & #4802
75t (Table 2). ¥bd diZTH testosterone F94
FolXE AY Az A3} vwdte] YAE w29 72
Al ML JehtA] gsich

R AsE YHT AAZ) = WA vuikl A
$ A5 A =5 44 AR Bzt dojvt
o ¥ LPL9 #40o] 50~80% HAHEZ FAAY T4

Table 1. Clinical characteristics in male patients with coronary artery disease before and after the intervention

Control group

Cdloric restriction group Testosterone treatment group

(n=15) (n=15) (n=15)
0 wk 12 wk 0wk 12'wk 0wk 12 wk

Age (yrs) 564 + 150 579 +1.90 565 + 197

Weight (k@) 719 +£256 723 264 730 =181 711 192 7256 £245 731 239
Body massindex (kg/m?) 252 +0.65 250 =+ 081 254 +071 247 £074* 266 +072 258 *0.69
% ideal body weight 1163 £285 116.8 + 3.01 1167 344 1138 +358* 1185 =337 1194 =327
Waist to hip ratio 094 £ 0.02 0.94 = 0.01 0.97 £ 0.0) 0.95 = 0.01* 0.95 £ 0.01 0.96 = 0.01
% Body fat 239 +1.04 23.7 £096 242 +132 225 +1.26* 243 £124 266 +1.21**
Systolic BP (mmHg) 1281 £273 1260 +409 1299 =372 1180 =*4.24* 1226 =434 1192 +407
Diastolic BP (mmHg) 839 £246 83.0 +436 780 269 720 *£282 757 £208 740 =239

Mean = SE

*: p<0.05, =+ p<0.01, ***: p<0.001 compared with initial value by paired t-test or wilcoxon singed rank sum test in each group

Fig. 1. Serum concentration of trig-
lyceride and total cholesterol in
male patients with coronary artery
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Table 2. Serum lipid profiles and apolipoproteins in male patients with coronary artery disease before and after the intervention

Control group

Caloric restriction group Testosterone treatment group

(h=15) (n=15) (n=15)
0wk 12 wk 0wk 12 wk 0wk 12 wk
Triglyceride (mg/dl) 2065 £220 2423 +£290 1936 161 1487 =12,0* 1443 =+ 14.1 150.3 £ 21.1
Total cholesterol (mg/di) 2228 £7.60 21563 £827 2192 x£774 1961 =122 1894 =915 1895 * 6.56
HDL cholesterol (mg/dl 41.5 £236 449 + 232 437 +1.97 40.7 =+ 1.8} 438 +2.52 439 +221
LDL cholesterol {(mg/dl) 1390 769 1299 =730 1358 =699 1281 x11.6 1167 £925 1156 =533
Atherogenic index 4,55 + 0.27 3.92 £0.27 412 £ 0.24 3.87 £0.27 3.44 = 0.24 3.46 £ 0.24
Apolipoprotein Al (mg/dl) 1067 =470 1112 £569 111.7 =483 1070 * 459 1180 684 1150 =570
Apolipoprotein B (mg/dl) 949 + 586 965 =595 99.7 =479 90.4 =+ 5.68* 804 =454 825 =+ 3.31

Mean = S.E

*: p<0.05 compared with initial value by paired t-test or wilcoxon sighed ranksum test in each group

Table 3. Serum levels of hormones in male patients with coronary artery disease before and after the intervention

Control group

Caloric restriction group

Testosterone freatment group

(n=15) (n=15) (n=15)
0wk 12 wk 0wk 12 wk 0wk 12 wk
Testosterone (ng/ml) 519+ 045 546 £ 042 532+ 035 517 £ 0.39 423 + 0.29 3.54 £ 0.38
SHBG (nmol/L) 309 £ 309 316 * 342 385 = 364 390 *+ 337 3568 = 445 269 + 3.45*
Free androgen index' 622 = 678 654 = 728 519 *+ 431 502 + 4.41 454 = 380 503 £ 548
IGF-1 (ng/ml) 2812 t199 2880 +248 2686 +19.1 2793 £194 2260 =135 257.6 +169**
Mean * SEE

1: Free androgen index = (festosterone (ng/ml) x 3.467) /SHBG (nmol/L) X 100
= p<0.01 compared with initial value by paired t-test or wilcoxon signed rank sum test in each group
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Q7 WEY Ao FEgch B A9 testosterone F
ool A3 A& A vlwat 83 A F24 F9A
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stosterone FoJTollA] o733 vt SHBG w== 79
Ao 7 714313 91} testosterone FEE 23]8] Fo A
o} Zhshe AEE BSET, o) testosterones 5
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a3t L BAT, KA WS WAL foHa U F h .
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235t Au)e AF L AR FavE Ao F Frale]
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M ZE 7R BRSO 4 Yo, testosterone T

Table 4. Responses of glucose, insulin and free fatty acid on 75 g oral glucose intolerance test in male patients with coronary artery
disease before and after the infervention

Control group Cadloric restriction group Testosterone freatment group
(n=15) (h=15) (n=15)
0wk 12 wk 0wk 12 wk 0wk 12 wk

Fasting level

Glucose (mg/dDh 1045 £ 4601045 = 564 1070%x 599 107.9=* 524 988+ 578 1034+ 826

Free fafty acid (zEqg/L) 2005 +39.2 3553 + 224" 3387 396 3379+ 390 4458 = 433 370.6 £ 429

tnsulin (g2 U/mi) 942+ 202 819+ 1.43 118+ 1.74 108+ 144 101 182 102=* 236
Response area

Glucose (mg/dl X hr) 3841 +43.4 3855 + 522 3461 228 3751 +275" 3332+ 240 309.0+243"

Free fatty acid (#Eg/L x hr) 4141 =+ 67.7 9204 + 311.1 Y 4779 +55.1 599.1 £ 62.1* 9627 £ 1462 651.1 = 762**

Insulin (£ U/ml X% hr) 1134 £41.7 1049 * 360 1161 £ 235 1445 =307 856+ 120 922+225
Mean = SE

¢:p<0.3, *: p<0.05, =*: p<0.01 compared with inifial value by pcired t-test or wilcoxon signed rank sum test in each group

Table 5. Fat and muscle areas at different levels of body in male patients with coronary artery disease before and after the intervention

Control group Caloric restriction group Testosterone treatment group
(n=15) (n=15) (n=15)
0wk 12 wk 0wk 12 wk 0wk 12 wk

1st lumbar (L1) vertebra

Total fat (cm?) 2006 164 2238 +17.8 2667 145 2586 +145° 2390 177 2437 +186
Visceral fat (cm?) 15501 +£142 1501 +143 1791 + 996 1762 + 990 1609 + 133 1642 + 144
Subcutaneous fat (cm?® 745 + 470 737 + 590 87.6 + 820 823 * 7.35* 781 * 505 795 + 493
V‘srgﬁgo'/s“bcumneousm" 211+ 019 207+ 017 220% 019 228= 018 205+ 010 206+ 0.12
4th lumbar (L4) vertebra

Total fat (cm?) 239.1 £13.1 2404 +137 2853 133 2620 +125% 2704 +153 2404 +13.7
Visceral fat (cm?) 1070 + 897 1062 + 898 1370 = 9.02 1193 = 6.66™ 1269 + 108 1062 + 898
Subcutaneous fat (cm? 1321 + 876 1342 + 874 1483 +102 1427 + 006 1435 + 7.69 1342 + 874

Visceral/Subcutaneous fat

ratio 0.83 = 0.07 0.81 =+ 0.07 098 = 009 0.86 =« 0.06* 091+ 009 081 =x 007
Mid thigh

Fat (cm?) 3903 + 391 398 + 368 452 = 238 440 £ 263 423 + 321 398 + 3.468

Muscle (cm?) 1429 + 5583 1416 * 493 1352 = 513 1332 *£ 573 1386 =+ 4465 1416 + 493
Calf

Fat (cm® 132 = 089 129 = 083 147 = 117 148 £ 121 147 + 140 129 + 083
Muscle (cm®) 721 £ 462 725 + 3.66 732 £ 3.19 768 * 282 725 = 3.66 756 = 244"
Mean * SE

*: p<0.05, **: p<0.01, compared with initial value by paired t-test or wilcoxon signed rank sum test in each group
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Fig. 2. Visceral and subcutaneous

fat areas af L1 and L4 levels in male
patients with coronary artery dise-
ase before and after the interven-
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| tion. *: p <0.05, *+: p <0.01 com-

pared with inifial value each group.
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