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The Relationships of Sex Hormones, Body Fat Distribution,
and Physical Fitness to Lipid and Glucose Metabolism in Men

Naoko SHONO, Yasuki HIGAKI, Masahiro
NISHIZUMI, Haruka SASAKI*, Shuzo KUMAGAI**

Summary

The contribution of age, obesity, physical fitness as well as smoking and alcohol consumption in determin-
ing the plasma sex hormones(free testosterone ; free T, estradiol ; E2, dehydroepiandrosterone-sulfate;
DHEA-S), and sex hormone binding globulin (SHBG) levels, and the relationships of the sex hormones and
SHBG to lipid and glucose metabolism were investigated in 217 healthy men aged from 18 to 59 years. The
participants in this study included both lean and obese subjects. In a simple correlation analysis, free T was
found to correlate significantly with age, body mass index (BMI), waist to hip ratio(WHR), estimated
maximal oxygen uptake(\./'Ozmax)and alcohol consumption. The level of E2 was significantly correlated
with age, WHR as well as alcohol and smoking consumption. The level of DHEA-S significantly correlated
with age, while the level of SHBG significantly correlated with age, BMI, percent of body fat(%fat)and
smoking consumption. By means of a multiple linear regression analysis, it was demonstrated that free T
was independently and negatively related to age, E2 was independently and negatively related to age and
smoking, while SHBG was independently and positively related to age and negatively related to BMI. A
simple correlation analysis showed that free T showed a significant negative association with total choles-
terol(TC), low density lipoprotein cholesterol (LDL-C), atherogenic index (AI), triglyceride(TG), and fast-
ing blood glucose (FBS), while E2 was significantly associated with TC, LDL-C, Al and FBS. The level of
DHEA-S showed a significant negative association with Al, TG and FBS, and a positive association with
fasting insulin(FIRI). The level of SHBG was significantly associated with TC, high density lipoprotein
cholesterol (HDL-C)and LDL-C, and negatively with FIRI. A multiple linear regression analysis indicated
that DHEA-S was one of the independent determinants of TG, HDL-C and Al, while SHBG was one of the
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determinants of HDL- C and FIRI. Furthermore, the E2 level was one of the independent determinants of

LDL-C and FBS. The free T was not selected as an independent variable for any dependent variables. This
is the first report in which both SHBG and DHEA-S were independently observed to be positively related
to HDL-C, and thus E2 is considered to be one of the independent predictors of LDL-C and FBS.

key words: Sex hormones, Sex hormone binding globulin, Lipid and glucose metabolism, Body fat distribu-

tion, Physical fitness.
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Table 1. Characteristics of study subjects

Variables Mean S.D. Min. Max.
Age (yrs) 39.4 13.7 18.0 59.0
BMI (kg/m?) 22.4 2.6 16.7 35.9
9%Body fat 18.3 6.3 6.0, 39.0
Waist to hip ratio 0.84 0.06 0.69 0.99
VO,max (ml/kg/min) 36.4 5.4 23.7 51.3
Total cholesterol (mg/dl) 200.7 36.1 114.0 291.0
LDL cholesterol (mg/dl) 124 .4 32.4 38.0 224.2
HDL cholesterol (mg/dl) 53.1 11.2 32.9 81.1
Total-C/HDL-C 3.9 1.1 2.15 7.45
Triglycerides (mg/dl) § 98.6 50.1 50.0 665.0
Fasting glucose (mg/dl) 89.0 10.9 70.0 146.0
Fasting insulin (mg/dl) § 4.5 1.9 1.5 18.0
Free testosterone (pg/ml) 22.9 7.5 6.3 44.8
Estradiol (pg/ml) 25.7 12.9 10.0 60.0
SHBG (nmol/1) 38.4 18.5 7.0 97.0
DHEA-S (ng/ml) 2091.0 899.6 320.0 5880.0
§ : Log-transformed for statistical testing.
Table 2. Simple correlation coefficients

SHBG DHEAS Estradiol Free testosterone
Age .415 —.373 —.180 —.557
BMI —.228 ns. n.s. —.166
%Fat —.213 n.s. n.s. n.s.
WHR n.s. n.s. —.141 —.334
VO,max n.s. n.s. n.s. .300
Alcohol n.s. n.s. —.165 —.157
Cigarettes 153 n.s. —.164 n.s.

Above listed correlation coefficients are significant at the 5% level.

Table 3. Simple correlation coefficients

TC HDL-C LDL-C Al TG$ FBS FIRI §
Age .502 ns. .403 .390 .375 .342 —.145
BMI .297 —.217 .304 . 371 .255 .183 .326
%fat .215 —.215 .238 .294 221 n.s. .377
WHR .495 —.178 .460 478 .39 272 .226
VO,max .425 .202 —.380 —.432 —.383 —.252 —.261
Alcohol 1192 n.s. n.s. n.s. 327 .167 n.s.
Cigarettes n.s. —.150 n.s. .189 .161 n.s. —.193
SHBG .161 147 134 n.s. n.s. ns. —.287
DHEA-S ns. n.s. ns. —.206 —.162 —.137 .193
Estradiol —.190 n.s. —.186 —.141 ns. —.235 n.s.
Free testosterone —.268 n.s. —.215 —.159 —.172 —.242 n.s.

Above listed correlation coefficients are significant at the 59 level.
§ : Log-transformed for statistical testing.
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Fig 1. Relationships of estradiol to total cholesterol, LDL cholesterol, atherogenic index, and fasting glucose.
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Fig 2. Relationships of free testosterone to total
cholesterol, LDL cholesterol, atherogenic
index, triglyceride and fasting glucose.
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Fig 3. Relationships of DHEA-S to atherogenic index,
triglyceride, and fasting glucose.
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Table 4. Multiple stepwise regression for lipid and
glucose parameters

Std.Coeff.

2
or partial cor. P value R*(%)
Total cholesterol
Age .320 <.05 24.9
WHR .303 <.05 5.5
E2 —.110 n.s.
free T .016 n.s.
SHBG .038 n.s.
DHEA-S .055 n.s.
30.4
HDL cholesterol
BMI —.193 <.05 4.3
Cigarettes —.184 <.05 2.1
SHBG .193 <.05 1.5
DHEA-S .194 <.05 2.7
E2 .018 ns.
free T —.063 n.s.
10.6
TC/HDL—-C
WHR .334 <.05 22.5
DHEA-S —.160 <.05 2.7
VO2max —.189 <.05 2.7
Cigarettes .144 <.05 1.8
E2 .044 n.s.
free T 0.59 n.s.
SHBG —.096 n.s.
28.8
Triglycerides*
WHR 216 <.05 15.2
Alcohol .241 <.05 5.5
VO2max —.176 <.05 1.8
DHEA-S —.134 <.05 1.4
E2 .026 n.s.
free T .035 n.s.
SHBG —.106 n.s.
23.9
LDL cholesterol
WHR .334 <.05 20.8
Age .234 <.05 2.2
Alcohol —.177 <.05 2.0
E2 —.125 <.05 1.1
free T .044 n.s.
SHBG .069 n.s.
DHEA-S .107 n.s.
26.1
Fasting Glucose
Age 310 <.05 11.3
E2 —.179 <.05 2.7
free T —.037 n.s.
SHBG .079 n.s.
DHEA-S —.003 n.s.
14.0
Fasting Insulin*
% Fat .325 <.05 13.8
SHBG —.197 <.05 4.2
Cigarettes —.139 <.05 1.5
E2 —.106 n.s.
free T .046 n.s.
DHEA-S .107 n.s.
19.5

* : Log-transformed for statistical testing

A4 > A2Y Y (FIRL: IRI # v b ; Pharmacia, Upsala,
Sweden) ZHEIE L7z, EHENVEXELTE, TX T
Y4 — ) (E2: Coat-A-Count Estradiol ¥ v } ;
DPC, Los Angels, USA), I#BEET X b X5 0 > (free
T : Coat-A-Count Free Testosterone v b+ ; DPC,
Los Angels, USA), DHEA-S (Coat-A-Count DHEA
-S04 ; DPC, Los Angels, USA), SHBG(SHBG [125
1] Assay ¥ v b ; Farmos Daiagnostica, OQulunsalo,
Finland) 2 #I%E L7z, SHBG & immuno-radiometric
assay ¥ ko> T, IR, E2, free T, DHEA-SIZ
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7z (Table 1),
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