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Abstract The purpose of this study is to investigate the association of total cholesterol levels (TC) and the incidence
of hypercholesterolemia in response to changes in BMI. The subjects included a total of 28,249 industrial workers
(25,548 male and 2,701 female) aged 30-69 years old who had received regular medical check-ups at least once per
year from 2002 to 2012 (over 11 years). Data from this period were categorized into a first term (2002-2005), middle
term (2006-2009), and last term (2010-2012). Then, the average TC was stratified by BMI, which was obtained from
the initial examination results of each individual. In addition, average changes in TC were analyzed by stratifying
with changes in BMI over 10 years (starting in 2002). The annual occurrence rates of hypercholesterolemia stratified
by BMI were further assessed in patients with normal ranges of TC. In all three terms, the average TC was
significantly elevated in the obese group ( 25.0 kg/m2) compared to the low weight group ( 18.5 kg/m2) and the
normal weight group (18.5-25.0 kg/m2). Similarly, the group with higher BMI presented elevated rates of
hypercholesterolemia compared to the groups with low BMI. In addition, increased BMI over the 10 year period
significantly influenced TC. Consequently, it is suggested that evaluation and intervention for obesity control may be
needed in order to manage the risk of high serum lipid levels.
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Table 1. Mean scores of body mass index according to period of health check up of study subjects

First term(2002~2005)

Middle term(2006 ~2009)

Last term(2010-2012)

Sex/Age n BMI BMI BMI p-value
Mean+SD Mean+SD Mean+SD
Male
<39 14,750 23.734£2.79 23.9842.76 24.11£2.77 <0.001
40~49 10,044 23.99+2.54 24.07£2.53 24.1242.56 <0.001
50< 754 23.94+2.49 23.91£2.55 23.87£2.61 0.742
Total 25,548 23.8442.69 24.01£2.67 24.11£2.69 <0.001
Female
<39 1,697 21.234£2.57 21.62+2.68 21.95£2.82 <0.001
40~49 898 23.1542.70 23.2042.67 23.29+2.71 0.570
50< 106 24.13£2.81 24.14£2.92 24.23£3.05 0.948
Total 2,701 21.98+2.80 22.24+2.80 22.48+2.83 <0.001
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Table 2. Mean scores of total cholesterol according to period of health check up of study subjects

First term(2002 ~2005)

Middle term(2006 ~2009)

Last term(2010-2012)

Sex/Age n TC TC TC p-value
Mean+SD Mean+SD Mean+SD
Male
<39 14,750 189.84+29.93 192.77+29.71 196.45+30.31 <0.001
40~49 10,044 198.24+30.26 196.84+29.59 196.27+30.70 <0.001
50< 754 200.42+30.83 195.61+29.92 190.89+31.94 <0.001
Total 25,548 193.44+30.37 194.44+29.73 196.20+30.51 <0.001
Female
<39 1,697 174.60+26.32 178.13+26.27 182.77+27.82 <0.001
40~49 898 189.08+29.97 196.72+29.97 203.4130.39 <0.001
50< 106 209.79+33.34 206.45+29.38 204.51+28.07 0.487
Total 2,701 180.79+28.81 185.38+29.31 190.44+30.52 <0.001

Table 3. Mean scores of total cholesterol according to body mass index of male study subjects

Unit: Mean+SD

BMI(ke/m) <39 40~49 50<
n TC n TC n TC
First term(2002 ~2005)
<185 280 167.9+25.0 116 177.3426.2 11 190.9+22.8
18.5-24.9 9,924 185.5+28.4 6,587 195.6+29.7 488 197.4429.1
25.0< 4,546 200.5+30.2 3,341 204.1£30.4 255 206.4+33.3
p-value <0.001 <0.001 <0.001
Middle term(2006 ~2009)
<185 228 172.6+27.6 100 181.9425.5 10 187.1£20.9
18.5-24.9 9,656 189.0+28.5 6,534 195.1429.5 514 194.0+29.6
25.0< 4,866 201.0+£30.2 3,410 200.4+29.3 230 199.3+30.6
p-value <0.001 <0.001 0.070
Last term(2010~2012)
<185 202 178.5+28.2 104 185.4£30.8 9 184.2+34.2
18.5-24.9 9,473 193.4+29.3 6,468 195.4£30.5 511 191.1£31.7
250< 5,075 202.8+30.9 3472 198.1430.8 234 190.6+32.4
p-value <0.001 <0.001 0.847

[Table 2] 2t} Ao A9 TC HFEAE= 71712002
~2005)°14 193.44+30.37mg/dL, %71(2006~2009)°]
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Table 4. Mean scores of total cholesterol according to body mass index of female study subjects

Unit: Mean+SD

, <39 40~49 50<
BMilkg/m) n TC n TC n TC
First term(2002 ~2005)
<185 185 167.0+23.0 15 179.0+22.8 1 161.7+0.00
18.5-24.9 1,366 174.0+25.8 681 186.2427.2 67 207.4+£28.3
250< 146 188.9+29.1 202 199.2431.5 38 213.7+40.6
p-value <0.001 <0.001 0.379
Middle term(2006 ~2009)
<185 137 167.9+22.6 13 192.5+28.2 0 0.00+0.00
18.5-24.9 1,392 177.5+25.6 678 193.4429.2 71 205.1£27.8
250< 168 191.2£29.5 207 207.6£29.9 35 208.7£32.2
p-value <0.001 <0.001 0.569
Last term(2010~2012)
<185 116 173.0+23.7 15 205.6+28.6 1 160.60.00
18.5-24.9 1,381 182.0+27.1 673 201.9+30.0 68 202.5+25.1
250< 200 193.1£31.4 210 207.9+31.4 37 209.1£34.2
p-value <0.001 0.042 0.179

Table 5. Abnormal rates of total cholesterol according to body mass index of male study subjects

Unit: Number(%)

BMi(kg/m) <39 40~49 50<
n TC n TC n TC
First term(2002~2005)
<18.5 280 25(8.9) 116 19(16.4) 11 4(36.4)
18.5-24.9 9,924 2,827(28.5) 6,587 2,787(42.3) 488 213(43.7)
25.0< 4,546 2,168(47.7) 3,341 1,789(53.5) 255 149(58.4)
p-value <0.001 <0.001 0.016
Middle term(2006~2009)
<18.5 228 35(15.4) 100 23(23.0) 10 2(20.0)
18.5-24.9 9,656 3,210(33.2) 6,534 2,760(42.2) 514 239(46.5)
25.0< 4,866 2,378(48.9) 3,410 1,653(48.5) 230 115(50.0)
p-value <0.001 <0.001 0.144
Last term(2010~2012)
<18.5 202 49(24.3) 104 32(30.8) 9 3(33.3)
18.5-24.9 9,473 3,688(38.9) 6,468 2,744(42.4) 511 183(35.8)
25.0< 5,075 2,637(52.0) 3,472 1,596(46.0) 234 82(35.1)
p-value <0.001 <0.001 0.365
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Table 6. Abnormal rates of total cholesterol according to body mass index of female study subjects

Unit: Number(%)

, <39 40~49 50<
BMi(kg/m) n TC n TC n TC
First term(2002~2005)
<185 185 13(7.0) 15 3(20.0) 1 0(0.0)
18.5-24.9 1,366 196(14.3) 681 202(29.7) 67 43(64.2)
25.0< 146 47(32.2) 202 91(44.6) 35 22(62.9)
p-value <0.001 <0.001 0.664
Middle term(2006~2009)
<185 137 13(9.5) 13 6(46.2) 0 0(0.0)
18.5-24.9 1,392 245(17.6) 678 261(38.5) 71 36(50.7)
25.0< 168 62(36.9) 207 123(59.4) 35 19(54.3)
p-value <0.001 <0.001 0.843
Last term(2010~2012)
<185 116 14(12.1) 15 9(60.0) 1 0(0.0)
18.5-24.9 1,381 328(23.8) 673 341(50.7) 68 33(48.5)
25.0< 200 77(38.5) 210 126(60.0) 37 24(64.9)
p-value <0.001 0.055 0.243
EolALE F95H Atk $712006~2009)¢F  7HA BE XA BMIZE B (18.5ke/mH| wH) el
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Table 7. The incidence of hypercholesterolemia among normal cholesterol for 10 years(2003-2012) by classification of

BMI
Male(n=15,190)" Female(n=1,967)"
Year of health BMI
check up (ke/m) n Number of n Number of
abnormal TC(%) abnormal TC(%)
Low(<18.5) 434 42(9.7) 209 14(6.7)
2003 Middle(18.5-24.9) 10,766 2,038(18.9) 1,527 223(14.6)
High(25.0=<) 3,990 1,124(28.2) 231 52(22.5)
p-value <0.001 <0.001
Low(<18.5) 395 41(10.4) 188 18(9.6)
2004 Middle(18.5-24.9) 10,669 2,054(19.3) 1,554 223(14.4)
High(25.0=<) 4,126 1,147(27.8) 225 72(32.0)
p-value <0.001 <0.001
Low(<18.5) 358 43912.0) 167 4(2.4)
2005 Middle(18.5-24.9) 10,537 2,188(20.8) 1,554 217(14.0)
High(25.0<) 4,295 1,220(28.4) 246 77(31.3)
p-value <0.001 <0.001
Low(<18.5) 309 39(12.6) 153 10(6.5)
Middle(18.5-24.9) 10,524 2,227(21.2) 1,572 235(14.9)
2006 High(25.0<) 4,357 1,225(28.1) 242 73(30.2)
p-value <0.001 <0.001
Low(<18.5) 331 38(11.5) 160 14(8.8)
2007 Middle(18.5-24.9) 10,496 2,163(20.6) 1,551 252(16.2)
High(25.0<) 4,363 1,291(29.6) 256 76(29.7)
p-value <0.001 <0.001
Low(<18.5) 340 40(11.8) 136 10(7.4)
2008 Middle(18.5-24.9) 10,350 2,240(21.6) 1,569 290(18.5)
High(25.0<) 4,500 1,305(29.0) 262 91(34.7)
p-value <0.001 <0.001
Low(<18.5) 305 45(14.8) 120 13(10.8)
2009 Middle(18.5-24.9) 10,394 2,652(25.5) 1,578 376(23.8)
High(25.0=<) 4,491 1,453(32.4) 269 91(33.8)
p-value <0.001 <0.001
Low(<18.5) 306 61(19.9) 115 15(13.0)
2010 Middle(18.5-24.9) 10,290 2,591(25.2) 1,567 392(25.0)
High(25.0=<) 4,594 1,480(32.2) 285 112(39.3)
p-value <0.001 <0.001
Low(<18.5) 265 47(17.7) 125 19(15.2)
2011 Middle(18.5-24.9) 10,257 2,817(27.5) 1,557 390(25.0)
High(25.0<) 4,668 1,607(34.4) 285 111(38.9)
p-value <0.001 <0.001
Low(<18.5) 278 61(21.9) 128 17(13.3)
2012 Middle(18.5-24.9) 10,286 2,970(28.9) 1,546 40826.4)
High(25.0<) 4,626 1,546(33.4) 293 120(41.0)
p-value <0.001 <0.001

1) Number of normal cholesterol in first year(2002) examination was 15,190 in male
2) Number of normal cholesterol in first year(2002) examination was 1,967 in female
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Table 8. Change of mean values of biennial total cholesterol according to classification of BMI for 10 years(2003-2012)

in male

Year of health Non-obesity group(n=17,495)" Obesity group(n=8,053)”
check up Change of BMI group . TC » TC
Decreased” 5,648 -4.21 1,894 -2.63

Unchanged” 8,241 -1.02 3,495 0.54

2003 Increased” 3,606 3.05 2,664 5.04
p-value <0.001 <0.001

Decreased 6,564 -5.29 2,098 -3.49

2004 Unchanged 7,126 -0.26 3,042 245
Increased 3,805 5.08 2,913 6.96
p-value <0.001 <0.001

Decreased 7,354 -6.39 2,277 -3.11

2005 Unchanged 6,522 -0.51 2,800 241
Increased 3,619 4.49 2,976 8.22
p-value <0.001 <0.001

Decreased 7,873 -7.25 2,302 -3.26

2006 Unchanged 6,219 -0.78 2,673 2.50
Increased 3,403 5.38 3,078 9.32
p-value <0.001 <0.001

Decreased 7.972 -7.21 2,335 -2.47

2007 Unchanged 5,986 -0.63 2,567 4.05
Increased 3,537 5.68 3,151 9.97
p-value <0.001 <0.001

Decreased 8,346 -7.56 2,452 -1.41

2008 Unchanged 5,549 -1.94 2,467 3.02
Increased 3,600 5.82 3,134 10.44
p-value <0.001 <0.001

Decreased 8,429 -11.03 2,401 -3.04

2009 Unchanged 5,355 -4.10 2,352 0.48
Increased 3,711 2.79 3,300 8.50
p-value <0.001 <0.001

Decreased 8,695 -9.98 2,544 2211

Unchanged 5,131 -3.86 2,232 243

2010 Increased 3.669 3.50 3,277 10.44
p-value <0.001 <0.001

Decreased 9,035 -11.89 2,595 -1.83

5011 Unchanged 4,976 -3.96 2,193 1.86
Increased 3,484 2.24 3,265 10.89
p-value <0.001 <0.001

Decreased 9,004 -11.73 2,508 -0.99

012 Unchanged 4,766 -5.04 2,167 4.93
Increased 3,725 2.35 3,378 9.61
p-value <0.001 <0.001

1) Number of non-obesity group(less than 25.0kg/m’ of BMI) in first year(2002) examination was 17,495 in male
2) Number of obesity group(25.0kg/m’ or more of BMI) in first year(2002) examination was 8,053 in male

3) Decreased group: 0.5kg/m’ decreased group of BMI

4) Unchanged group: less than 0.5kg/m’ changed group of BMI

5) Increased group: 0.5kg/m’ increased group of BMI
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Table 9. Change of mean values of biennial total cholesterol according to classification of BMI for 10 years(2003-2012)

in female
Year of health Non-obesity group(n:2,303)') Obesity group(n:398)z)
Change of BMI group
check up n TC n TC
Decreased” 662 -2.60 86 3.92
2003 Unchanged” 1,153 0.19 153 3.60
Increased” 488 6.72 159 6.10
p-value <0.001 <0.001
Decreased 775 -3.62 92 -6.11
Unchanged 992 -0.34 130 3.56
2004
Increased 536 7.09 176 9.46
p-value <0.001 <0.001
Decreased 897 -2.40 106 -6.01
Unchanged 917 3.06 126 -0.24
2005
Increased 489 8.20 166 7.92
p-value <0.001 <0.001
Decreased 929 -5.40 106 -6.75
Unchanged 852 0.92 102 -1.03
2006
Increased 522 6.71 190 7.84
p-value <0.001 <0.001
Decreased 977 -8.27 110 -10.44
Unchanged 824 -1.88 116 3.93
2007
Increased 502 7.04 172 3.92
p-value <0.001 <0.001
Decreased 1,089 -9.11 101 -10.85
Unchanged 735 -1.85 113 -4.28
2008
Increased 479 1.88 184 1.63
p-value <0.001 <0.001
Decreased 1,171 -12.71 110 -12.69
Unchanged 663 -6.65 103 -4.24
2009
Increased 469 -0.77 185 3.01
p-value <0.001 <0.001
Decreased 1,195 -13.32 121 -12.04
Unchanged 680 -7.85 88 5.87
2010
Increased 428 -2.40 189 -1.71
p-value <0.001 <0.001
Decreased 1,228 -11.31 129 -10.61
5011 Unchanged 653 -8.29 82 -6.45
Increased 422 -2.88 187 -1.04
p-value <0.001 <0.001
Decreased 1,268 -12.75 129 -10.34
Unchanged 595 -7.57 83 -11.04
2012
Increased 440 -2.74 186 1.20
p-value <0.001 <0.001

1) Number of non-obesity group(less than 25.0kg/m’ of BMI) in first year(2002) examination was 2,303 in female
2) Number of obesity group(25.0kg/m’ or more of BMI) in first year(2002) examination was 398 in female

3) Decreased group: 0.5kg/m’ decreased group of BMI

4) Unchanged group: less than 0.5kg/m’ changed group of BMI

5) Increased group: 0.5kg/m’ increased group of BMI
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