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An epidemiological study on the relation of adiposity, body fat distribution
and hyperinsulinemia to cardiovascular risk factors.

Katsuhisa IsHiI, Shigemichi TANAKA and Shigeyuki SAITOH
Second Department of Internal Medicine, Sapporo Medical University, School of Medicine.
(Chief : Prof. Osamu IIMURA)

ABSTRACT A cross-sectional epidemiological study was performed in 628 male inhabitants (aged
30-69 years, mean 56.6 9.8 years) in two rural agricultural towns in Hokkaido, Japan, in order to
clarify the relations among adiposity, adipose tissue distribution, plasma insulin levels and cardiovas-
cular risk factors. In 184 men (aged 30-69 years, mean 56.4+9.8 years) who had given consent, the
75g oral glucose tolerance test (OGTT) was done. Variables for analysis were body fat weight to
whole body weight ratio (FR) measured by the bioimpedance method (Tanita BF 102), waist to hip
circumference ratio (WHR), systolic (SBP) and diastolic blood pressure (DBP), serum total choles-
terol (TC), triglyceride (T'G), HDL cholesterol (HDL), fasting plasma glucose (FPG), insulin level
at 120 min after OGTT (120IRI), and sum of insulin levels before and at 60 and 120 min after OGTT
(SIRI). Hypercholesterolemia, hypertriglyceridemia and hypo-HDL cholesterolemia were defined by
TC=220 mg/dl, TG=150 mg/d/ and HDL <40 mg/d/, respectively.

FR correlated positively with SBP, DBP, TC, TG and FPG, and negatively with HDL. SBP,
DBP, TC, TG and FPG were significantly higher in the 509 of subjects with FR>median FR than in
the group with FR<median FR, while HDL was significantly lower in the high-FR group. The
prevalence of HT, impaired glucose tolerance and dyslipidemia were greater in the high-FR group
than in the low-FR group. Similar findings were observed in concern with WHR. 120IRI and SIRI
were correlated positively with FR, WHR, DBP, TC, TG and FPG, and negatively with HDL. Both
the high FR group and high WHR group had significantly increased levels of 120IRI and SIRI as
compared to the lower respective groups.

From these results, we concluded that FR and WHR were closely related to plasma insulin levels
and cardiovascular risk factors, and that increased adiposity and intraabdominal adipose tissue distri-
bution may play at least some role in deterioration of cardiovascular risk factors mediated by hyper-
insulinemia in men. (Received November 7, 1995 and accepted December 6, 1995)

Key words: Adiposity, Body fat distribution, Cardiovascular risk factors,
Hyperinsulinemia, Epidemiology
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Table 1 Correlation coefficients between FR or WHR and cardiovascular visk factors

SBP DBP TC TG HDL FPG
0.191 0.276 0.245 0.285 —0.191 0.179
FR 479 479 567 567 567 549
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
0.217 0.233 0.123 0.234 —0.158 0.210
WHR 521 521 613 613 613 592
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

For the analyses of blood pressure, serum lipid and plasma glucose, subjects on pharmacological treatment

for hypertension, hyperlipidemia or diabetes mellitus, respectively, were excluded.
FR: ratio of body fat weight to whole body weight ; WHR : waist to hip ratio;

SBP: systolic blood pressure ; DBP: diastolic blood pressure ; TC: serum total cholesterol levels ;

TG : serum triglyceride levels (transformed to natural logarithm) ;

HDL: serum HDL cholesterol levels, FPG: fasting plasma glucose levels (transformed to natural logarithm)
Upper, middle and lower numeral represent correlation coefficient, subject number and p value, respectively.
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Fig. 1 Correlations between FR (A) or WHR (B)
and DBP.
Subjects on pharmacological treatment for
hypertension were excluded from the ana-
lyses.
FR: ratio of body fat weight to whole body
weight ; WHR : waist to hip ratio;
DBP: diastolic blood pressure.
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Table 2 Correlation coefficients between 120IRI or SIRI and cardiovascular visk factors

FR WHR SBP DBP TG HDL FPG

0.319 0.249 0.090 0.155 0.297 0.226 —0.269 0.142

120IRI 160 171 160 160 171 171 172
p<0.001 p<0.01 NS p=0.051 p<0.001 p<<0.01 p<0.001 NS

0.276 0.204 0.139 0.269 0.334 0.264 —0.329 0.241
SIRI 160 171 160 160 171 171 171 172

p<<0.001 p<0.01 NS p<0.01 p<0.001 p<<0.001 p<0.001 p<0.01

The subjects with diabetes mellitus were excluded. For the analyses of blood pressure and serum lipids,

subjects on pharmacological treatment for hypertension or hyperlipidemia, respectively were again omitted.
120IRI1 : plasma insulin levels at 120 min of OGTT (transformed to natural logarithm) ;
SIRI: sum of insulin levels at 0, 60 and 120 min of OGTT (transformed to natural logarithm).

Other abbreviations are reffered to table 1.

Upper, middle and lower numeral represent correlation coefficient, subject number and p value, respectively
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Fig. 2
22.1%) and the high-FR group (FR=22

Comparisons of the levels of cardiovascular risk factors between the low-FR group (FR<median FR

.19%).

For the analyses of blood pressure, plasma glucose and serum lipids, subjects on pharmacological treat-
ment for hypertension, diabetes mellitus or hyperlipidemia, respectively, were excluded.

FR: ratio of body fat weight to whole body weight; SBP: systolic blood pressure; DBP: diastolic

blood pressure; FPG: fasting plasma glucose; TC: total cholesterol; TG: triglyceride

cholesterol.

; HDL: HDL
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Table 3 120IRI and SIRI in the low and high groups of FR or WHR
Low-FR group High-FR group
(FR<20.7%) (FR=20.7%) p
n=80 n=380
120IRI
(«U/ml) 16.5+14.9 26.1+24.3 <0.01
SIRE + 4
(+U/ml) 59.1+52.8 76.9+58.1 <0.05
Low-WHR group High-WHR group
(WHR<0.895) (WHR=0.895) p
n=87 n=84
120IRI + 4
(«U/ml) 15.4+13.9 27.3£23.9 <0.01
SIRIL
(«U/m1) 55.6+51.6 79.6+55.5 <0.01

Analyses were done in subjects who underwent OGTT and did not suffer from
diabetes mellitus.
Low-and high-FR groups, and low-and high-WHR groups were divided at the
median of FR (20.7%) or WHR (0.895), respectively.
120IRI : plasma insulin levels at 120 min of OGTT ;

SIRI: sum of plasma insulin levels at 0, 60 and 120 min of OGTT.

SBP DBP FPG
H Hi (mg/d)
{mmHg) l_p <0001 {mmHg}
150 p <0.001'—| 150 = p <0.001—I
ol T I
100
50 (E
504
0 "
Low-WHR High-WHR Low-WHR High-WHR Low-WHR  High-WHR
WHR<0.89 WHR=0.89 WHR<0.89 WHR=0.89 WHR<0.8¢ WHR=0.89
n =262 n =259 n =262 n =259 n =294 n =298
(mgidhy TC (mgrd) TG (ma/dl) HDL
l—'p <0.0017] p <0.001 p <0.001
200~ 200wl ’_ 100= IV
100~ 100 = 50==
0 0 0

Low-WHR  High-WHR
WHR<0.89 WHR=0.89
n =303 n=310

Low-WHR  High-WHR
WHR<0.88 WHR=z0.89

n=303

n=310

Low-WHR  High-WHR
WHR<0.89 WHR=z0.89
n =303 n=310

Fig. 3 Comparisons of the levels of cardiovascular risk factors between the low-WHR group (WHR <median

WHR, 0.89) and the high-WHR group (WHR=0.89).

For the analyses of blood pressure, plasma glu-

cose and serum lipids, subjects on pharmacological treatment for hypertension, diabetes mellitus or
hyperlipidemia, respectively, were excluded.
Abbreviations are referred to Fig. 1 and Fig. 2.
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Fig. 4

Comparisons of the prevalence of hypertension, impaired glucose tolerance, hypercholesterolemia, hyper-

triglyceridemia and decreased HDL cholesterol between the low-FR group (FR<median FR, 22.1%)

and the high-FR group (FR=22.1%). For the glucose tolerance, low-and high-FR groups were divided
by median of FR (21.29%) among the subjects who underwent OGTT.

NT : normotension, BHT : borderline hypertension ; HT : hypertension, NGT : normal glucose tolerance ;
BDM : borderline diabetes mellitus; DM : diabetes mellitus; HC: hypercholesterolemia (serum total
cholesterol 2220 mg/d!) ; NC: non-hypercholesterolemia (serum total cholesterol<220mg/dl); HTG :
hypertriglyceridemia (serum triglyceride=150 mg/dl) ; NTG : non-hypertriglyceridemia (serum trig-
lyceride<150 mg/d/) ; LHDL : decreased HDL cholesterol (HDL cholesterol<40 mg/d/) ; NHDL : non-
decreased HDL cholesterol (HDL cholesterol =40 mg/d/).
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Table 4 Multiple regression analysis for FR and WHR
Criterion variable: FR

standardized partial

variables t values significance regression coefficients
120IRI 3.414 P<0.001 0.202
Age —2.085 P<0.05 —0.171
SBP 1.959 NS 0.158
TC 1.876 NS 0.153

R?=0.168
Criterion variable: WHR

standardized partial .

variables t values significance regression coefficients
120IRI 3.076 P<0.01 0.246
Age 3.055 P<0.01 —0.244
SBP 0.441 NS 0.035
TC —0.014 . NS —0.001

R#=0.121
Analyses were done in subjects who underwent OGTT and did not suffer from
diabetes mellitus or receive pharmacological treatment for hypertension.
Abbreviations are reffered to table 1 and table 3.
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Fig. 5 Comparisons of the prevalence of hypertension, impaired glucose tolerance, hypercholesterolemia, hyper-
triglyceridemia and decreased HDL cholesterol between the low-WHR group (WHR<median WHR,
0.89) and the high-WHR group (WHR=Z0.89). For the glucose tolerance, low— and high-WHR groups
were divided by median of WHR (0.896) among the subjects who underwent OGTT.
Abbreviations are reffered to Fig 4.
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WwELTBY, ARBOLERVvEyOEIZEEA
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Fig. 6 Correlations between FR (A) or WHR (B)
and 120IRI.
These analyses were performed in the sub-
jects who underwent OGTT and did not have
diabetes mellitus.
FR: ratio of body fat weight to whole body
weight ; WHR : waist to hip ratio; 120IRI:
plasma insulin levels at 120min of OGTT
(transformed to natural logarithm).
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4-1 FR, WHR & DMERERREF

4-1-1 FR 8L U WHR 0#lE

9, AHFECHERALUICESS Y E—F Y RBEI &
5 FR™W iZDWCHEET 5, REFFEHEAEDORSY
VR ELTHWORTE - REEE (kbgER
) & REFRHERE (BB r=0.885, 4 r=0.841) »
A, —7, BENEREOHEECIEL O FES
FAAONTERNR, LR CT A v 2k 38IEE
BIEL B, BRI EERNLRAEE LTERA

[A]
3007 myd
250 . o. .
o P L
= 200 o
150
100
[B]

10 14 18 22 26

Fig. 7 Correlations between 120IRI (A) or SIRI (B)
and TC.
These analyses were accomplished in the sub-
jects who underwent OGTT and did not have
diabetes mellitus, and subjects on phar-
macological treatment for hyperlipidemia
were excluded.
120IRI: plasma insulin levels at 120 min of
OGTT (transformed to natural logarithm) ;
SIRI: sum of plasma insulin levels at 0, 60,
120 min of OGTT (transformed to natural
logarithm) ; TC: serum total cholesterol.
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BES L EREEOR S S, ERARBIEROEIE L
LT WHR S22 FAEICER I T 510112988 g8
FIRTH B, DE»S, SEIOMHTAE S /- &%
4 E—F RIS FR &, HEffinstilEcids
BWHR %, znZipigEig, BEREARGEOEE
ELTHWR Z L, 2R EBVFRTCOEEREREE
WZIRREDO ROV EDEE LT,

4:1-2 FR, WHR & OMERBEREFHENE

B

TR & 5 IR TSR L E, MEE
B, Mg ¥ o.OMEERERET E OEEIIRED
EEPIFE 2 TR ST &%, Z &I Framingham
e Tk, WEHRAE, fimEEEOWTRCBNT
b I [ FRE A E SIS & & < FHBET 3 2 & 2 BH
Sz LTz, Ba b, 1977 SEOUREFET, 1978 FOHE
W OEFHATZE K LBPRAEORKE» 6, BNE
ANDERCIEHENEELFHREFERZYIZI LR
R Fe20D, 1272, IhE CTOIREE ORI AL
ERR TR 2RI LD DTHS.
%ﬁtﬁ%%#ﬁ%k%ﬁént% L ETEIND

, BREFDHD LD ORI REEHEIEL
@r CEEEAC BT A sz onB, K, Wood
et al P V3EERFE % hydrostatic weighing #EIZ LT
HEL, BEERRSEEE T L s AEHROBIFHL
iz TG 2{EF, HDL Z2¥Is€ 5 &Lk,
DX, WHR LIIE & DREEIC DWW, FEOM

B IPAHEED B % LR B & D% 129732 Lap
L, ZOMBZATLHEELDOTERL, P
HEBEELHOATENETZ2bDHH B, HL DM
TdH, WHR & OHBERE r {fHi1E, SBP280.217,
DBP 11 0.233 2 {&< (Table1, Fig.1), WHR OIiFE
NDELEE G A~SUBEEICT E LW,
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—7%, WHR &858 & 0B wBIL T, Haffner et
al® 3 TG 3 B4 &  IEMAET 225, TCIidHE=
#73, HDL iZctEp Az Bo CEOHBENRD 5h s
Lz, T i3 Baltimore fiSeic#b D, Z0OE
Byrs, WHR & TC i&MEo#s, HDL 3HED A,
TG RBEZ L s MHEL WS, £/ Seidell et al 3
i3 1948 FEEF O I —a v SLHEOKETT, WHR &
TG ZZED, HDL L xEOHEEHED 2 LG T3
7Y, W XY, e RE T 2EMOMEE
WEOEREEEE b TH B, SEOFRL OWIETH
BEHOHERFEE LR, TC, TG, HDL$XTE&
WHR 3 EELHEBRGE 2L Tz (Tablel),

—77, WERREIEEER L OBEERAS b DIEE
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HifFREzn 2 TcFR, WHR o iBzEHL, Zh
PECEER, BEPC 20U, o T, &R
7, OGTT MefTRE CHh BN E L 2GR L 5o 7z,
HHE R — T RENPFELE OV TRLZBERDID S
3., LaLl, WFROEOhIMERZE > TbZDE
DEMHTH Y, AR TR REE L ERTHR
EEEH UM L7, =50, g s, »wi
NOPRERPFHALTHRERE L L TRARESHEEIZR
DeNLhol,

P ERRTE S EHOBEE D5, FR, WHR
e b wmE, B, myEcAEL, RIREEES
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