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Abstract

This study was conducted to investigate the physical characteristics and risk factors for hyperchol-
esterolemia (HC) in Korean, 344 adult men who took the annual health check-ups at D or J hospitals
were participated in this cross-sectional study. The subjects were grouped by plasma total cholesterol
level into three groups : normal cholesterolemic (n=139), borderline hypercholesterolemic (n=93) and
hypercholesterolemic (n=112) groups. The data of height, weight and plasma cholesterol level were col-
lected from medical records. Body circumferences (midarm, waist, hip, and thigh), skinfold thicknesses
(biceps, triceps, subcostal, abdomen, and supraillic), and body composition (fat mass and fat free mass)
were measured. Body mass index (BMI), height /weight ratio (HWR), waist /hip circumference ratio
(WHR), waist /thigh circumference ratio (WTR), central skinfold thickenss (CSF) and peripheral skin-
fold thickness were calculated. The subjects with HC had significantly higher weight, BMI, waist cir-
cumference, skinfold thickness and body fat mass than those of the normal subjects, The relative and
attributable risks on HC were 1.61 and 0.17 for obesity (BMI>25), 1.30 and 0.11 for upper body obesity
(WTR =1.30) and 1.54 and 0.18 for central body obesity (CSF>95.7). Plasma total cholesterol level was
positively correlated with several anthropometric parameters: BMI (p<0.001), weight (p<0.001), waist
circumference (p<0.01) and skinfold thickness of abdomen (p<0.001), spraillic (p<0.01), triceps (p<0.
01), subcostal (p<0.01) and biceps (p<0.05). In conclusion, the major influencing factors to plasma
cholesterol level was BMI. Among the each physical parameters, the circumference of waist, the skinfol-
d thickness of abdomen, and the percentage of body fat were closely related to plasma cholesterol level.
The important risk factor for hypercholesterolemia was obesity, specially upper body obesity and central
body obesity.
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Table 1. Anthropometric measurements of the subjects classified by age and plasma total cholesterol

concentration
. NC BHC HC Total
Variables Age (n=139) (n=93) (n=112) (n=344)
Height (cm) 169.0 +. 5.0 168.6 + 6.2 167.6 £ 4.9 168.4 + 5.3
Weight (kg) All 66.5+ 8.3 70.5 £ 11.12 69.1 +7.6° 68.4+ 8.9
BMI (kg /m?) 23.2+ 2.5° 24.7+ 3.3 24.6 + 2.4 241+ 2.7
HWR 26+ 0.3 2.4+ 0.4° 2.5+0.3° 25+ 0.3
20~29 171.9 £ 5.6 172.0 £ 8.5 - 171.9+ 5.9
30~39 1699+ 2.8 170.1 x 5.6 170.5+ 4.6 170.2 £ 4.2«
Height (cm) 40~49 169.7 + 5.2 168.4 + 4.8 166.6 + 4.9 168.1 £ 5.1%
50~59 166.9 + 5.2 169.2 + 6.9 166.9 £ 4.7 167.4 + 5.5
=60 167.8 £ 2.8 167.4 + 6.2 167.1 £4.3 166.1 + 4.7¢
20~29 63.8 £ 11.0 70.6 £ 19.1 - 64.9 +12.2
30~39 66.6 = 8.0 71.8+ 8.9 72.3+8.8 70.1 + 8.8
Weight (kg) 40~49 66.6 + 7.3 70.0 £ 11.1 67.9+72 68.4 &+ 8.7
50~59 67.2+ 8.4 71.3+£12.0 68.3+7.3 68.3+ 8.7
=60 66.2 + 7.5 64.0 £ 8.9 69.1 £6.5 674+ 7.1
20~29 215+ 2.7 23.7+ 5.3 - 21.8+ 3.2%
30—~39 23.1+ 2.8 248+ 2.1 24.8 +2.4 24.1+ 2.6°
BMI (kg /m?) 40~49 235+ 2.6 24.7+ 3.8 24.5+2.3 242+ 2.9
50~59 23.5+ 2.0 248+ 3.1 24.5+£27 24.3x 2.5
=60 23.8+ 1.9 2565+ 2.9 248+ 21 244+ 2.2°
20~29 2.8+ 04 26 0.7 - 2.7x 04
30~39 26+ 0.3 2.4+ 0.2 2.4+03 25+ 0.3%
HWR 40~49 2.5+ 0.3 25+ 04 2.5+0.2 25+ 0.3
50~59 25+ 0.3 24+ 04 2.5%+0.3 25+ 0.3°
=60 26+ 0.2 24+ 03 2.4x+0.2 25+ 0.2¢

Values are means + standard deviations. a-b: values with different superscript(s) in the same row(s) are significantly
different by Duncan’s multiful range test at p<0.05. a-8 : values with different superscript(s) in the same column(s)
are significantly different by Duncan’s multiful range test at p<0.05. NC: normocholesterolemia (<200 mg /dl). BHC:
borderline hypercholesterolemia (200~239 mg /dl). HC: hypercholesterolemia (> 240 mg /dl). BMI: body mass index.
HWR: height /weight ratio.
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Table 2. Body circumferences of the subjects classified by age and plasma total cholesterol concen-
tration

. NC BHC HC Total
Variables Age (n=139) (n=95) (n=112) (n=344)
Midarm(cm) 27.2+25 27.8+ 3.6 27.3x2.4 27.4 £ 2.7
Waist (cm) 84.2 +8.3° 88.8 + 9.4° 88.1 £6.6° 86.7 £ 8.1
Hip(cm) All 96.0 £ 5.8 97.1+ 9.1 97.2 + 4.6 96.7 £ 6.2
Thigh{cm) 48.3+4.1 49.8+ 8.6 48.0 £4.0 48.5+5.3
WHR 0.9+0.1 0.9+ 0.1 0.9%0.1 0.9+0.1
WTR 1.8 +0.2 1.8+ 0.2 1.8+0.2 1.8+0.2

20~29 28.2+3.9 29.1+ 3.2 - 28.3 £ 3.7
30~39 27425 28.7+ 1.6 28.2+1.8 28.0 +£ 2.1
Midarm(cm) 40~49 27.1+£19 28.3+ 4.0 27423 275+ 2.7
50~59 26.9+ 2.0 27.0+ 4.1 26.7 £ 2.8 26.8 + 2.8
=60 26.4£1.9 26.3+ 1.2 27.2x1.9 26.8 +1.7%
20~29 75.7 £ 8.2 80.1 +13.9 - 76.5 + 9.0¢
30~39 84.4 +£9.3 88.5+ 8.3 87.9+7.8 86.7 + 8.5~
Waist(cm) 40~49 83.4x74 87.7 £ 10.1 86.7 £ 6.0 86.0 £ 7.57
50~59 87.3+£5.9 91.5+ 8.0 89.2 £6.2 88.9 + 6.6~
=60 88.9+59 88.3 +£12.0 90.8 + 6.8 89.8 £ 7.0~
20~29 95.6 £ 6.7 97.6 £10.2 - 95971
30~39 97.6 £ 5.2 99.1 &+ 5.3 99.31+ 4.4 98.6 + 4.9
Hip(cm) 40~49 96.4 £ 5.4 94.6 £12.8 96.2 £ 4.6 95.9+7.4
50~59 95.1 6.3 98.8 + 6.0 97.4+£4.6 96.7 £ 5.8
=60 95.6 = 3.9 95.5% 4.5 96.1 £4.0 95.8 £ 3.9
20~29 48.9 + 4.8 50.5 £ 12.6 - 49,2 + 6.1+
30~39 48.2 £ 4.0 521+ 4.4 50.0 £4.2 49.7 + 4.3
Thigh(cm) 40~49 48.8 4.4 51.5£12.2 47.5x3.7 48.8 + 6.9
50~59 478 + 4.1 475+ 5.3 47.9£3.6 47.8 + 4.2+
>60 475+ 2.5 46.0x 1.0 46.1 £4.3 46.6 + 3.4%
20~29 0.8+0.0 0.8+ 0.1 - 0.8 +£0.07
30—~39 0.9+0.1 0.9+ 0.0 0.9x0.1 0.9+0.1¢
WHR 40~49 0.9+0.0 0.9+ 0.2 0.9+0.0 0.9 £0.1~
50~59 0.9£0.1 0.9 0.0 0.9+0.0 0.9x0.1°
=60 0.9+£0.0 09+ 1.0 0.9%0.0 0.9 0.0~
20~29  1.6+0.1 1.6+ 0.2 - 1.6 £0.1"
30~39  18%02 1.7+ 0.1 1.8+0.2 1.7£0.2
WTR 40~49 1701 17+ 0.3 1.8+0.1 1.8+0.2°
50~59  18+0.2 1.9+ 0.0 1.9+0.2 1.9+0.2¢
260 1.9%0.1 1.9+ 0.3 2.0+0.2 1.9 £0.2¢

Values are means + standard deviations. a-b: values with different superscript(s) in the same row(s) are significantly
different by Duncan’s multiful range test at p<0.05. «-7: values with different superscript (s) in the same column(s) are
significantly different by Duncan’s multiful range test at p<0.05. NC: normocholesterolemia (<200 mg /dl). BHC: bor-
derline hypercholesterolemia (200~239 mg /dl). HC: hypercholesterolemia (>240 mg /dl). WHR: waist /hip circumfer-
ence ratio. WTR: waist /thigh circumference ratio.
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Table 3. Skinfold thickness measurement of the subjects classified by age and plasma total choles-
terol concentration

. NC BHC HC Total
Variables fee (n=139) (n=95) (n=112) (n=344)
Biceps 52+ 18 61+ 26° 5.9+ 2.0° 56+ 2.1
Triceps 93% 38 102+ 3.9 10.9% 3.4° 0.2+ 37
Subcostal 128+ 50°  145% 59° 150+ 5.8 140+ 5.6
Abdomen Al 205% 8% 246+ 99 26.0% 7.6° 23.6+ 8.9
Subscapular 14.7 + 5.8° 18.5 £ 13.9? 16.8 + 5.6® 16.3+ 8.2
Supraillic 211+ 87°  251% 9.1° 259+ 8.3 23.6+ 89
CSF 601243  82.6%30.4° 83.7 + 22.7° 77.8 +25.9
PSF 168+ 49 168+ 4.9 168+ 4.9° 158+ 5.3

20~20 46+ 25 8.0+ 8.4 - 52+ 3.9
30~39  53% L5 6.7% 2.2 61+ 2.3 59+ 2.1
Biceps 40~49  54% 2.1 5.4+ 2.1 5.6+ 2.4 55% 2.2
50~59 52+ L4 61+ 18 61+ 1.2 57+ L5
260 52+ 15 6.0+ 2.0 61+ 16 57+ 16
20~29 81+ 35 130107 - 89+ 527
30~39  103% 54  1L1% 26 1.6+ 45 L1+ 46
Triceps 40~49 96+ 39 98+ 2.9 10.6 + 2.9 10.2+ 3.2%
50~50 9.4+ 3.0 61+ 18 1.0+ 32 101+ 3.3%
260  83% 2.4 83% 35 10.6+ 2.8 95+ 2.9%
20~29 120+ 7.0 1471238 - 12,5+ 7.8
30~39 230100 262+ 7.3 25.4+ 85 247+ 8.8"
Abdomen 10~49 199% 82  22.9%114 23.6 % 6.9 224+ 8.5
50~59 233% 7.7  15.6% 58 28.8% 7.3 261+ 7.8°
260  208% 66 245157 28.8 % 6.6 253+ 8.5
20~29 127+ 66 129+ 51 - 12.7 £ 6.2
30~39 132% 55  142% 35 142+ 5.4 138+ 5.0
Subcostal 40~49 122+ 40  138% 7.0 129+ 45 12,9+ 5.0
50~59  134% 49 100+ 3.9 17.9% 638 154+ 6.1
260  1l1% 32 140+ 83 16.8 + 5.3 143+ 5.5
20~29 108% 56  1L5% 50 - 109+ 5.4
30~39 157+ 64  17.5% 45 162+ 4.3 16.3% 5.1
Subscapular  40~49 146+ 45  16.0% 85 151+ 4.7 151 5.7
50~59 163+ 62  20.1% 74 195+ 6.8 18.9 + 11.6°
260  131x 27 174+ 87 171+ 5.4 157+ 5.2°
20~29 134% 94 180+ 98 - 142+ 9.4
30~39  238% 87 284+ 96 26.7 £ 8.9 25.9+ 8.9°
Supraillic 40~49 220% 76 239+ 9.8 241+ 85 23.5+ 8.5
50~59  23.0x 7.6 265+ 6.9 273+ 8.1 2.3+ 7.8
260 189% 7.1  205+144 268+ 6.8 231+ 8.6
20~29  489%247  57.1+3L8 - 50.2 £ 25.14
30~39 757+281 862221 82.5 £ 23.6 80.7 + 24.9°
CSF 40~49  686+208  76.6%32.2 75.7 £21.1 74.0 £ 23.9°
50~59  75.9=2l6 9224283 935+ 21.7 86.7 + 24.5°
260  639%135  76.4+46.6 80.5 + 20.0 78.4 + 24.6°
20~29 127+ 56  2L.019.0 - 41+ 8.8
30~39 157+ 64  17.8% 42 17.8% 6.7 17.0+ 6.2°
PSF £0~49 150+ 54  152% 43 162+ 4.7 156+ 4.8%
50~59  146% 40  16.0% 5.1 170+ 3.9 158+ 4.4
260 135+ 30  143% 55 167+ 4.2 152+ 4.1

Values are means + standard deviations. a-b: values with different superscript(s) in the same row(s) are significantly
different by Duncan’s multiful range test at p<0.05. a-8 : values with different superscript(s) in the same column(s)
are significantly different by Duncan’s multiful range test at p<0.05. NC: normocholesterolemia (<200 mg /dl). BHC:
borderline hypercholesterolemia (200~239 mg/dl). HC: hypercholesterolemia (=240 mg /dl). CSF: central skinfold
thickness, PSF: peripheral skinfold thickness,
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yor, o}3 NCZ& 8.6%, BHC#S 21.1% %
HCZ& 29.5%7} o) &35},

4. M=N
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& 20.8 + 6.6%, BHCZ& 23.2+6.0% ¥ HC
2 24.2+4.9%=, NCzo] Hsle] BHCZ#
HCZo] felzoz Eotv} dxd¥a e 200 12.9
+7.0%, 30t] 20.8 +5.8%, 404 22.1 + 4.8%, 50
o) 25.24+4.2% 2 60t 27.3 +4.2%=, {dHo] &
7t et FH g FEAT. & 200h7t Pg
gory, thgol 30the} 40idem, 50tiet 60Tt
7H =%kt

AAEre AX B 15.9 + 7.0kgRen], NC#
& 14.1 +5.6kg, BHCZ& 17.1 + 6.4kg @ HCZ
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o] FeFoz )t AFE=2E 200) 9.1 £ 6.6
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o vl3ld 207t 73 @k, 607 7+ it
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& 52.3+5.5kg, BHCZ2 54.3 + 6.4kg @ HC
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Table 4. Body composition of the subjects classified by age and plasma total cholesterol concen-
tration

. NC BHC HC Total
Variables AL 130) (n=95) (n=112) (n=344)
Fat(%) 20.8 + 6.6° 232+ 6.0° 22+ 4.0 22.7 % 6.0
Fat mass (kg) Al 141+56 171+ 6.4 17.0 £ 4.7 15.9+ 5.6
FFM (kg) 52.3+55 543+ 6.4 52.5+ 4.5 52.8 + 5.4
20~29 11.9+55 17.9+12.8 - 12.9 + 7.07
Fat (%) 30~39  19.3+ 6.6 214+ 38 21.8+5.8 20.8 + 5.8°
40~49 207 %53 221+ 55 23.0 + 3.9 221 +4.8°
50~50  24.2+37 258+ 5.2 26.1+3.8 25.2 + 4.2¢
>60  262+3.5 %1% 6.0 8.4 +4.2 27.3 + 4.2¢
20~29  8.1+49 14.0+ 12,8 - 9.1 6.6
Fat mass (kg)  30~39 13.3+6.3 160+ 4.3 16.3 5.7 15.2 + 5.8
40~49 144455 161+ 63 158+ 4.1 15.5 + 5.0°
50~59  16.3 3.9 191+ 6.4 183+ 4.1 17.6 + 4.7+
>60  17.5+35 171+ 57 19.9 + 4.7 18.6 + 4.4«
20~29 55.6+7.3 56.6 = 10.1 - 5.8 + 7.5a
30~39  53.5+5.0 57.7+ 4.6 56.8 + 5.0 5.8 + 4.9ar
FFM (kg) 40~49  53.5+5.0 545+ 5.7 52.0 + 4.0 53.0 + 4.88
50~50 50.3+4.4 53.2+ 6.9 51.2 +3.1 51.3 + 4.88
>60  48.8+52 6.9+ 3.7 49.3+2.5 48.8 +3.77

Values are means = standard deviations, a-b: values with different superscript(s) in the same row(s) are significantly
different by Duncan’s multiful range test at p<0.05. «-¥: values with different superscript(s) in the same column(s) are
significantly different by Duncan’s multiful range test at p<0.05. NC: normocholesterolemia (<200 mg /dl). BHC: bod-
erline hypercholesterolemia (200~239 mg /dl). HC: hypercholesterolemia (=240 mg /d]). FFM: fat free mass,

Table 5. Pearson’s correlation coefficients between plasma total cholesterol concentration and
anthropometric and body composition

Weight Height BMI HWR
Plasma total 0.2225 —0.0607 0.2900 —0.2629
cholesterol hid * hing haad
Midarm Waist Hip Thigh
Plasma total 0.0231 0.1947 0.0956 0.0070
cholesterol ns hid ns ns
WHR WTR Biceps Triceps
Plasma total 0.1274 0.1651 0.1348 0.1799
cholesterol * - * -
Subcostal Abdomen Subscapular Suprailic
Plasma total 0.1704 0.2369 0.1060 0.1845
cholesterol = haid ns -
CSF PSF Fat (%) Fat mass FFM
Plasma total 0.2153 0.1794 0.2254 0.2045 0.0359
cholesterol b - haid - ns

** p<0.001, * p<0.01, * p<0.05. ns : not significant., WHR: waist /hip circumference ratio. WTR: waist /thigh cir-
cumference ratio, CSF: central skinfold thickness, PSF: peripheral skinfold thickness. FFM: fat free mass,
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Table 6. Relative risk of major influencing fac-
tors for hypercholesterolemia

Variables Relative Attribu- 95%
risk table risk confidence
bounds

Physical factor

BMI =25 1.611 0.166  1.197~2.169
WHR >0.94 1.028 0.007  0.661~1.568
WTR=>1.92 1.300 0.106  0.900~1.887
CSF>95.7 1.540 0.178  1.075~2.191

BMI : body mass index. WHR : waist /hip circumfer-
ence ratio, WTR : waist /thigh circmference ratio. CSF
: central skinfold thickness
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