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Body fat distribution and hypertension

Choong Won Lee, Nung Ki Yoon

Department of Preventive Medicine,
Keimyung University

This study examined the cross—sectional association of central body fat distribution with hypertension
as well as the superiority of medial calf skinfold measured as peripheral fat distribution over the
conventional triceps skinfold using 450 Korean Navy divers selected by authors’ convenience in 1990.
Their mean age was 27.9 and range of it was 19—51. The centrally located body fat was approximated
by subscapular skinfold and peripherally located fat by triceps and medial calf skinfolds, Four indices
were constructed from these skinfold measures to reflect central versus peripheral fat distribution
pattern : 2 ratios and 2 differences. After controlling age and overall obesity (body mass index),
prevalance odds ratios of the 2/4, 3/4, 4/4 quartiles of subscapular skinfold comparing with lowest
1/ 4 quartile were 2.05 (95% confidence interval, CI 1.18—3.59), 2.02 (95% CI 1.06—3.86), 4.00 (95%
CI 1.99—8.06) respectively. The difference of subscapular and medial calf skinfolds was associated
with hypertension (odds ratio 2.45, 95% CI 1.28—4.68 comparing highest with lowest quartiles). Triceps
and medial calf skinfolds alone did not show any odds ratio not including unity, The adjusted odds
ratios were generally reduced in small magnitude compared with crude odds ratios not adjusted for
age and overall obesity. The medial calf skinfold appeared to be more representative of peripheral
body fat distribution than triceps skinfold. These findings suggest that central fat distribution rather
than peripheral distribution is associated with hypertension independent of age and overall level of
obesity and medial calf skinfold may replace conventional triceps skinfold in predicting peripheral
distribution of body fat. ’

Key Words : Body fat distribution, Hypertension, Subscapular aﬁd.medial calf skinfolds.

R

w4 (peripheral) 22 FEHL o) FAAS] Ag
27} 22l va) 483 A3 (Vague, 1956 ; Damon
%, 1969 ; Larsson %, 1984 ; Donahue %, 1987 ; Kannel
AA o] AP EGANE 2712 o] S (central) 5, 1991) # Ad@ Aghe] APAR (Folsom %, 1989

I. M =2



; Seidell %+, 1990), NID @ (non—insulin—dependent
diabetes mellitus) (Feldman %, 1969 ; Butler %, 1982
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. Selby &, 1989 ; Seidell &, 1990)3} G&e) § g}
T 237t {3 vk G DAl slo} FEHAN
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£ Ao F2 ojgd 23 RARE AAM Awy
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calf skinfold, MCS) e, AAE 2822 F =
=Y gejelM AE st (inferior angle)d] AwEg
Z330n FFE2L 94 282 BE Bojmd AuoA
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Table 1. Descriptive statistics of the study variables
Variable Mean Standard deviation Min Max
Systolic BP? 128.24 11.73 100 173
Diastolic BP 7821 1001 54 105
Age (year) 2790 699 19 51
Body mass index® 23.07 157 19.34 29.02
Triceps SF® 6.60 261 3 Y
Subscapular SF 1072 307 1 2%
Medial calf SF . 647 197 2 16
. Subscapular / triceps ratio 1.78 0.70 0.40 5.67
Subscapular— triceps difference 403 322 - 600 18.00
Subscapular / medial calf ratio 178 068 050 667
Subscapular —medial calf difference 425 319 - 6.00 2000

8 Blood pressure
b Quetelet index
¢ Skinfold (mm)



Table 2. Compan'sion‘of predictor variables between normotensive and hypertensive

. Normotensive (N=326)

Hypertensive (N=124)2

Variable Mean Spe Mean SD T stat P —value

Age (year) 27.54 6.83 28.85 7.32 177 0.08

Body mass index (Quetelet index)  22.99 1.58 2327 153 170 0.09

Subscapular skinfold® 10.35 2.77 1169 357 378 0.00

Triceps skinfold 657 255 7.00 275 1.55 0.12

Medial calf skinfold 6.40 2.01 665 187 1.24 - 022

Subscapular / triceps ratio 175 0.64 1.88 0.84 1.64 0.10

Subscapular —triceps difference 378 3.02 - 4.69 3.64 250 0.01

Subscapular / medial calf ratio 174 0.66 188 074 192 0.06

Subscapular —medial calf difference 3.95 2.93 5.04 3.69 2.95 0.00

2 Hypertension criteria : Systolic blood pressure = 140 or diastolic blood pressure = 90.

b Standard deviation

¢ Skinfolds are measured mm
o HrFAe Aol giglont 11 g9 &1#9}—‘5 A ol dHE EAYE o V1 B8 Y AWER
of ANk HAFE AL} IR, HF2H HEF § Jdehlle ARIe AnFAst 2/4 9 3/4 95
29 fR5Ae de] ifen 1 Ayl HF2 2 Zr7iEd 2 Wl A= 1¥8de fu o] 1S,
HRFAZE 718 Ak}, HAREALY Aolghs AFe]  4/4 EYFE FUMeMd 4 ) AEE nEYY FHE
Aoy Hge Afel it AREE ARFAE o] IS JEhdd, ARES R vE U
e HyFdst 22n ojgdA fEE AFER 4T o HJRFAGe HoldME Eisd = 1.18(0.71
3 2 Ao 4% AxE Bgdh e ’é} 29 ¥ - 198), 1.36(0.74 — 250), 255(1.3¢ — 4.85) & M|
2eAE F44 AR FEE JduiRE ASE st 8oy 4/4 EASAD 05 % AT
53] AztEse AR FRFAY vig 1}019} 067, ©° 1% Tasln YA FYth = AR S ZAPE o
046 22 333 & AABBAES Uk HZ o] ATt 4/4 EYFE FUrEE 1R A 1/4 ¥
Wz IRsdAs A3 ARrsded @74 fxE  gouis) 26 u AxE n¥Y Lo FHES
Hoh Aol A4SH £ AABWAS JEied  dehdch 1 oo BAR fo48 molA @gtort
A5 HEFAS M =8 AFEFHE dF U EAFIE S04l wet ol= A= dAsA wAwvt
o & o5 FAAN AALREE JelFE AFE AL FUbste AEE 2 dse vAE AgFs Axs
oldle 473 & A A#AAE Ve r = Ast AF2 T v, AgFe gvFAg A%
035 — 088). 2N oI5 FAAH AAFELZE vehl 2 HR-FAS Ho] Ao} o &4 2/4 5L
Fe AFEol 473 wHFH] U AFYE ¢ 1 o5y HAHE AT 5L EFF 1 9 2E
Ak (& 3). s vzt 2 & 9A 2P 43S A &
g5 due EAsng 1YY EPd 7 SYUSE 4 BU42 Uhd 43 g A%
F7b e 2 A7 MFELS 4 BASE U F /1E Q WFE OEASIARNES AAE By of o 7&
AR 1/4 A% UmA 4 3 £8& 71 ML gBs HARFAZE 0131 (P = 0.00), BRI HR
2 ¢ 4 vAE 2d ATE AT 2/4, A WZT Y& SRFAY oz 0098 (P = 000)
3/4, 4/4 57 42 205(95% AT 118 —  2AM EAHoR §98 Ao 2AHE A5 AS (estimated

356), 2.02 (LO7 — 379), 398 (207 — 7.65) 224 7]
Foll Hsh 2 - 4 vlel MIFE UEdS & & ok

logistic coefficient) & BojA 4 EYF2Z YyAL o
S Atz 1G] §9 SPEer) HAd 2
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Table 3. Correlation coefficient? matrix among study variables

AGE HT WT BMI SUBS TRIC MCALF S/TR S-TD S/CR S-CD
Age (year) -20 -00 20 20 -05 -04 15 23 18 2
" Height (cm) 57 01 -09 —.08 04 02 -0 -1 -1

Weight (kg) . 83 21 19 30 01 1 -05 .08
Body mass index (Quetelet) - 39 . 29 34 .00 14 01 17
Subscapular SK® .36 26 33 66 54 80
Triceps SK 26 —.67 —46 04 19
Medial calf SK —.08 04 —-.59 -37
Subscapular / triceps ratio 86 35 37
Subscapular —triceps difference A7 61
Subscapular / medial calf ratio 88
2 All correlation coefficients more than 0.11 are statistically significant (P ¢ 0.05).
b Skinfold (mm)
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Table 4. Prevalence odds ratios for hypertension, controlling for age

Quartile of independent variable

I i} Il v Vi P value

Body mass index (Quetelet index)
OR® 1 116 127 - 159 0.097 0.14
95% CI¢ 063 — 211 0.70 — 231 088 — 288

Subscapular skinfold
OR 1 2.05 2.02 398 0.131 0.00
95% CI 1.18 — 356 107 - 379 207 — 765

Triceps skinfold
OR 1 1.44 1.09 174 0.065 0.10
95% CI 0.86 — 2.40 058 — 2.02 094 - 324

Medial calf skinfold
OR 1 1.46 132 180 0.069 0.19
95% ClI 0.86 — 241 067 — 262 0.90 — 3.59

Subscapular / triceps ratio
OR 1 0.88 102 1.03 0.239 0.11
95% Cl 048 — 159 056 — 1.83 057 — 185

Subscapular —triceps difference
OR 1 0.72 105 1.74 0.080 0.02
9% Cl 040 — 131 .059 — 186 097 — 310

Subscapular / medial calf ratio
OR 1 1.09 1.06 1.68 0.241 0.11
95% CI 061 — 1.95 0.61 — 1.84 0.86 — 3.28

Subscapular —medial calf difference
OR 1 118 1.36 2.55 0.098 0.00
95% CI 071 - 1.98 074 — 250 134 — 485

a Linear regression coefficient for each predictor variable entered as a continuous variable in a model that also

contained age,
b Odds ratio

€ 95% Confidence interval

o HlA % (BMI) = o7 FAHuTE Jelle A5
T3 Add =A dfeldo] A (r = 083 — 0.85),
Arzst gAY A2 REA9 ¥ (S855-TSS)
7t 7HE e ABAFAY 020 — 030 & Bgdn
Ao} (Kannel 7, 1991). £ AFolAde 00 — 039 A
0]9) FRAFE BdA A9 AFgHRGE FBRA
7b ¥an, 53 ug o|Fojz 27x Agete A
Ag ol 0.0 — 001 24 FBAASN JeRez U
gyt # AfdMe 4Ro ARTE A 5
A Arele] FHAFE 036 Yo $X&FH A

(1979)°] A& #AF i Wz dd222 2901
2 Wges & ZARIAE 0016 o FBAAFE BAA
#AZ A ol#@ G Ao Aoy AFHA Aolet
Jaztel B4 Aold 7AF Aew 2 £ ok &
3 2 dpgddo] AFzde] AHR Y FUFDeI
HEd RAojch vAFL WA Fold n¥gn AR
o] Itt HRFAY E¥XE HE Yo 2oz B
E %9 HEE Bo|:y (Blar 5, 1984) £ dTF¢lA
= 94 RE BREAY BEr Fo HRE 24t
a8u EAHQ AE 99 22 A8e AT I==



Table 5. Prevalence odds ratios for hypertension, controlling for age and body mass index

Quartile of independent variable
1 1 il I\ Vi P value
Subscapular skinfold
OR 1 2.05 2.02 4.00 0.131 0.00
95% CI 118 — 359 1.06 — 3386 1.99 = 8.06
Triceps skinfold
OR 1 1.39 1.04 1.59 0.052 0.22
95% Cl 0.83 — 233 055 — 195 0.84 — 3.03
Medial calf skinfold ’
OR ' 1 1.40 124 161 ‘ 0.047 041
95% CI » 084 — 2.32 0.62 — 249 0.78 — 3.34
Subscapular / triceps ratio '
OR 1 0.87 1.04 1.03 0.245 0.10
9% Cl - 048 — 1.58 057 — 187 057 — 1.87
Subscapular — triceps difference
OR 1 0.73 1.05 1.66 0.075 0.03
95% CI 040 ~ 133 059 — 1.86 092 — 300
Subscapular / medial calf ratio
OR ' 1 1.07 1.05 172 0.246 011
95% CI 060 — 1.92 060 — 1.82 0.88 — 3.38
Subscapular — medial calf difference
OR 1 118 1.30 245 0.092 0.01
95% CI 0.70 — 1.98 0.70 — 241 1.28 — 4.68

8 Linear regression coefficient for each predictor variable entered as a continuous variable in a model that also

contained age and body mass index.
b Odds ratio
¢ 95% Confidence interval
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Figure 1. Prevalence odds ratios by quartilers of subscapular skinfold (SSS) and (subscapular — medial calf) skinfold
difference (SSS—MCS) after controlling for overall obesity and age.
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Fatd & vl Al
-7}5% —’F’SSH 17}«]51]’*1 SAAA nYE a3 BE
2 3 247t Ak (Willet, 1990). Caliper
3 E}%E% Z‘i*&ﬂ‘&%%%‘% e Zo9R9E
Hlas)A £ ol glth %
TN = caliper o] # e
kg JedMe o 48 Zeg nust ¥
(Kuczmarski %, 1987). A4tslds@g sy v

o & olo
]
i
o
o
}:o

We 498 FuBE drhle Aoz 28A ey
Seidell 5 (1987) & &= 0.83, 9# 088 «] & BA S
g ngon wadd. WA AYRIE o4dom
29d3E 299e 2de 247150 A45 45
FANA MmN 43, AR EBE FAYD, B
We) FAWA e ZAAE Ago] s, AYE
s EREs} oo @ohe RolY obdAA ol 7]
29 o BEAIE WEL Qe Agoze A7 2
Ho R4S WHe Qusa 1 Pyelld exel 2

% 281t} (Lukaski, 1987).
n¥¢tste] AAE HgoE Hm
& Azt Vague(1956) A gy e] AEEE B
ol At Eo] Lol AY ZAgko] Ut F o). Kalkhoff
5 (1983) & 110 99 A7 HA/NAY o4& U
ozg A4 et E5 89 v (waist—hip girth
ratio, WHR) 2 Z3€ H|To] FAQEE A9 53
718 &7 8¢ € v ol o FHadE B
o o (Z r = 026, 0.29), ole te Ed
B4 AR £§ dngA 53], AMFA vus
EA8 F2 ggong 1 A gymrt gl
Blair 3 (1984) o o)A 279 &7 gt
£ o AzkEste AR giFas o] AuHA
BYou 1 ArE AzZs IA¥FAs 84 o
Ao, detd dg dFIAEA mdd AzhEs)
HEFAE ¥ Fo 452 AR5AE Yoy Mdgx
(244, R) 71 A9 o] YolRA] geerz I4s
AgdFe gdesde %:l*“’zé YetllF e A
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Hq ngEg YehlFe HAEFE A& Fojokste
olf+ HAIFo APEEE YeEFe AEEY 19
g = ool dde] Ho M E@EsE FHEF &
317] wojch Larsson %5 (1984) o Aol WHR
2 234" $44 AWET 5 EA4UF & 9AN F
7hatell wet &rlel Br|dEgte] Hao] FrhHoY,
HBAABA (partial correlation analysis) &8 M)A F
& BABtIY Foll= FE7|sdwe] fejd AudA
g Ytk Ak 6-17 A9 13887 S ez
Gillum (1987) 9 A7olMe 4G AREEE 89
% Ed9 ¥ (WHR) 2 B3 tF3AEAE o] &3
A A%, A, A%, A v DE, N, 29 (skeletal
age) & BANL W WHR & 47183 #98

F2 AAolHA RYPou £E/¥YdNE FoT
ez AREden & 307 % o 498%F 28 % 9
498 AP} Seidell Z(19%) & §d9 579
Mz g & AFse 3849 oA 452 4& oY
o2 & 9 7t&E9 (breast circumference) & 2 3
A4 AEEI) A E FAS Folx FArHgs
Fod Be AwaA (r = 013, P ( 001) & 24}
gk ey AzkEst dgRssds A9EAs 9l
ou] vt wj#59 (paraumbilicalis) ¢} &% (hypo-
gastric, 1FF9H 3 em ol2) o HEFEAZE 22} 015,
0.17 ¢ fos F#AAS gs B Selby 5 (1989)
£ 30-49 A ZAEYE BYYE ARES ¥ 574
AL o 7R o) o|E AFEH AY, UAEF,
A%, A7 A3 (Kaiser Permanente Health Plan) o
o8 94, §3 A4 (multphasic) § 22 349 ¢
A Fo HeE AXYR E2ESs ez 3 I3
A HAFE OEXsIAEdes XS e 9 5
7 Agzs FArgAe 718 1/5 £4
Folvls} 957 Sl gk zh2b 1.10(9%5 % A
g7 074-1.63), 1.29(0.86—1.93), 1.72 (1.14—2.58),
249(148-4.18) 9 ¥aYPxE HAY2 Aot AT
Z HREAE 094-129 Atole] Fej4o] gl HA)
g HAx FAA4 AEEE el AfRe A
atop A HEEAL 7t 142-1.98 Abele] HIzpH]
E ngon o] & 3/5 47 158 (1.07-2.34), 5/
947k 198 (125-3.14) B=9 foA A& ¥4
2% B o5 2 7H TFAY Holz o] Fol
Byen 5/5
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B4 o] 179(115-280) 9 fol& wix¥] g
2y AAFoz w7l B Ao ¢ F& &
F glen 95% AFHFN FA o §HE3e ¢ F Sk
EPWsE 95MsE B v 94 B dFdAg]
F38 AFHAAS gol o 2RS¥ AAHA F¥e
Hlgaja B A7 dxel d@4 giA I Rigddn
g+ vk 18 — 3044 =<l 5116 HE tigeR
% Folsom % (1989) ¢ Ayeld gy ZSolA AA
ol Hme EAYS o WHR  #&738¢%e 43
o] Ao B4718AH= AU B AFolA 9 47
5ol w2 v)apv] ke ZvujAHY] (crude odds ratio) 9
vlas & o, dqAFez Ay vAFE FAHNE
el 234 gaFou & Aojg BojAE ¥yt 1
#dy ol HANMZL FAA4 AALEEYG udYH
HAE HA2FHAE shedel g n¥YY JES
WA A A4 (daEgA) 7 28R B F
7b Bolsiol n¥ta FAAN AEXs FAE A
(dilution) A7 W&o 2 Helrl 2438 Aolt (Kelsey
5, 1986). & o #y5d 2¥r SdAoz 22 g
S 29 F U 499 J7ADE Yz WS dge
vlapn|z) o AEdt £ 918 Aol FAA AMEX
o} 38U Ao Ao AWz Apolst EAgtn
iyl g3 9o 1 Aol galelArtl ozl
o At (Selby 5, 1989). B ae] BA 94 ozl
A Y 3A e e Z (Haffner 5, 1986b ; Stern# Haffner,
1986) By & W& tldez sjof F ¢l &3 4@
BAE & & 9T Aotk 48 IA F23 847t B
F ok AA e wigte] FAA BE FFT H|go] A
A dF F, HUdo] HolA #AFo] He AlRE9
18 Z1ere] AZa AZA ol ol A7)
o Zrlske AWe AAe Zxude FAX Y B
o] Ao} "tlx Ruy} Ut} (Bhir £, 1984). %7
ggo] 7YY o d@o] Qe 21 E (Larsson
%5, 1984 ; Gillum, 1987 ; Folsom %, 1989) o] ©o] 3l
€ whde #A71dee] o d@o] dtke A7 (Seidell
5, 1990) %Al glojA o8 R A7t sy
F44 vt ojmd sl s] nBVYe] FFL
o)) E7ke) BAlE 014 S atA el A AL gtk (Donahue
%, 1990). 8% 1A%+ d3 (hyperinsulinemia) / Q&d
W4 (resistance) o] Tefshe Hoz sl H3 gl
(Ferrannini 5, 1987). B|TE B3] 244 ujylo] &

&
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Aim

oAl ¥F IA&VFTH #}o] A3 o] s
=
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of 3o oluZAF = xU EHE

[eh

149 Q594 = (distal tubule) oA YEF
ZANAN ARHoZ UYL FEAT|E
ol3)g 1 Ut} (Reavens} Hoffman, 1987 ; Selby
S 1989). E ThE 29lo=A HEuje] AuzNo] 3t
o @yl 2ul3=3} (portal circulation) o ZA@Hoz 7
AR gure A LSS S0 F UAcke A
olt} (Kannel %, 1991). Zeub QA Fgto] AAH
Q ulwEs} vl B¥o JAE PR Do)
dohe A7) Bol Qo 1¥A ®F HIERE o
Ho) 3528 @) HEIAAG 37 EAR R AFshe
0% S 4o 3 Colins 5 (1990) o B IoM:=
9z Agd £33 1EYA WA ABA YA A
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U ey xwzde] 2aso] oz Ay
© 2= ]9k (metabolically obese) ¢ AFREo] QUL F
% ke o)A REHoz Hnjo] 7458 Aol (Ru-
derman %, 1981). 21&¥ WA (resistance) ¥ A
TE FEEH 2L UE 3289 g Be & 9
onz oF & AN e 2FAA 7dol 9@
A9 754l o] &} (Kalkhoff 5, 1983). Folsom 5 (1990)
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