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Abstract This study was performed to elucidate the association of blood pressure and incidence of hypertension in
response to changes in body mass index. A total of 28,249 industrial workers (male: 25,548, female: 2,701) who aged
30~69 years old, received regular medical check-up at least once per year from 2002 to 2012 (over 11 years) were
included. In the analysis, the averages of blood pressure were stratified by BMI which was obtained from the initial
examination results of each individual. In addition, averages of changes in blood pressure were analyzed by stratifying
with changes in BMI over 10 years(from 2002); annual occurrence rates of high blood pressure, stratified per BMI,
were further assessed in which patients were in normal ranges of blood pressure. As a result, the averages blood
pressure over 10 years were more significantly elevating in the group of obesity compared to those of the low weight
group as well as the normal weight group. Similarly, when it comes to the occurrence rates of high blood pressure,
the group of higher BMI represented elevated risks compared to the groups of low BMI. In conclusion, the increase
of BMI over 10 years(2002-20012) were significantly influenced on the increase of blood pressure.
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Table 1. General characteristics of study subjects by sex
Unit : Person(%)
Variables Male Female Total p-value
Age(year) <0.001
<39 14,750(57.7) 1,697(62.8) 16,447(58.2)
40-49 10,044(39.3) 898(33.2) 10,942(38.7)
50< 754(3.0) 106(4.0) 860(3.1)
BMiI(ke/m’) <0.001
Low weight (<18.5) 534(2.1) 245(9.1) 779(2.8)
Normal(18.5-24.9) 16,961(66.4) 2,058(76.2) 19,019(67.3)
Obesity(25.0<) 8,053(31.5) 398(14.7) 8,451(29.9)
Smoking <0.001
Current smoker 12,484(48.9) 16(0.6) 12,500(44.2)
Non-smoker 9,198(36.0) 2,664(98.6) 11,862(42.0)
Ex-smoker 3,866(15.1) 21(0.8) 3,887(13.8)
Alcohol drinking <0.001
Yes 5,537(21.7) 261(9.7) 5,798(20.5)
No 20,011(78.3) 2,440(90.3) 22,451(79.5)
Regular exercise <0.001
Yes 18,319(71.7) 881(32.6) 19,200(68.0)
No 7,229(28.3) 1,820(67.4) 9,049(32.0)
Total 25,548(100.0) 2,701(100.0) 28,249(100.0)
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Table 2. Mean scores of blood pressure according to body mass index of male study subjects

Unit: Mean+SD

<39 40~49 50<
BMI(kg/m)
SBP DBP n SBP DBP n SBP DBP
First term
(2002~2005)
<18.5 280 115.6+£8.9 73.546.1 116 118.0+11.2 75.5+8.0 11 114.5+10.4 74.4+7.1
18.5-24.9 9,924 120.3+£9.2 76.3+6.6 6,587 122.1+11.3 78.3+7.7 488 125.6+12.5 80.5+8.0
25.0< 4,546 125.2+10.1 79.7£7.2 3,341 127.5+11.3 82.0+7.8 255 130.5+12.7 83.4+8.0
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Middle term
(2006 ~2009)
<18.5 228 115.6£8.5 73.2+6.5 100 117.8+11.2 75.1£7.9 10 120.8+10.1 78.9+8.5
18.5-24.9 9,656 120.8+9.2 76.1£6.8 6,534 122.1+10.4 77.6x7.3 514 125.0+10.8 79.7£7.0
25.0< 4,866 125.4+9.4 79.4+7.0 3,410 126.7+10.1 80.8+7.0 230 128.8+10.2 81.8+7.1
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Last term
(2010~2012)
<18.5 202 114.5+9.4 73.0+£7.1 104 117.249.6 74.8+7.1 9 115.5+12.3 72.549.4
18.5-24.9 9,473 119.9+9.7 75.6+7.1 6,468 121.4+10.3 77.0£7.2 511 124.0+11.5 77.9+£7.3
25.0< 5,075 124.7+9.6 79.3+7.3 3,472 126.0+10.1 80.0+7.0 234 128.0+10.2 80.5+6.7
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Table 3. Mean scores of blood pressure according to body mass index of female study subjects
Unit: MeantSD
<39 40~49 50<
BMI(kg/m)
n SBP DBP n SBP DBP n SBP DBP
First term
(2002 ~2005)
<18.5 185 109.9+£7.3 69.6+5.7 15 111.1+10.3 71.2+6.8 1 120.0+0.00 77.5+0.00
18.5-24.9 1,366 111.7£7.9 70.9+5.9 681 116.3+11.3 74.2+7.6 67 123.4+12.6 77.9+7.7
25.0< 146 118.5+£9.8 75.7+6.1 202 123.9+11.0 79.3+7.2 38 133.9+15.9 83.7+9.3
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Middle term
(2006 ~2009)
<18.5 137 108.7+7.5 68.1+5.3 13 113.6+13.7 73.1£9.3 0 0.00+0.00 0.00+0.00
18.5-24.9 1,392 111.7+8.6 70.2+6.3 678 117.6+10.8 74.0+£7.2 71 123.0+11.1 77.9+6.4
25.0< 168 118.1£9.9 74.8+6.8 207 124.2+10.2 78.2+6.9 35 132.0+13.5 82.1+8.2
p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.006
Last term
(2010~2012)
<18.5 116 109.1+£7.7 68.9+5.3 15 113.2+17.8 72.3£9.8 1 107.0+0.00 62.0+0.00
18.5-24.9 1,381 111.349.4 69.9+6.8 673 116.9+11.3 73.5£7.4 68 123.9+10.8 77.0+£6.5
25.0< 200 118.0+9.7 74.9£7.0 210 125.2+11.0 78.4+7.3 37 128.3+10.0 79.4+6.6
p-value <0.001 <0.001 <0.001 <0.001 0.037 0.015
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Table 4. Abnormal rates of blood pressure according to body mass index of male study subjects
Unit: Number(%)

BMI(ke/ ) <39 40~49 50<
SBP DBP n SBP DBP n SBP DBP
First term
(2002 ~2005)
<18.5 280 92(32.9) 40(14.3) 116 50(43.1) 30(25.9) 11 3(27.3) 2(18.2)
18.5-24.9 9,924 5,092(51.3) 3,004(30.3) 6,587  3,732(56.7) 2,738(41.6) 488 294(66.5) 236(53.4)
25.0< 4,546 3,219(70.8) 2,243(49.3) 3,341 2,505(75.0) 2,046(61.2) 255 193(82.1) 164(69.8)
p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.045
Middle term
(2006~2009)
<18.5 228 71(31.1) 38(16.7) 100 40(40.0) 22(22.0) 10 5(50.0) 4(40.0)
18.5-24.9 9,656 5,173(53.6) 2,768(28.7) 6,534 3,799(58.1) 2,503(38.3) 514 310(66.8) 216(46.6)
25.0< 4,866 3,542(72.8) 2,301(47.3) 3,410  2,604(76.4) 1,894(55.5) 230 173(80.8) 121(56.5)
p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.044
Last term
(2010~2012)
<18.5 202 47(23.3) 35(17.3) 104 37(35.6) 26(25.0) 9 2(28.6) 1(14.3)
18.5-24.9 9,473 4,715(49.8) 2,699(28.5) 6,468  3,0648(56.4) 2,374(36.7) 511 288(62.2) 177(38.2)
25.0< 5,075 3,576(70.5) 2,411(47.5) 3,472 2,573(74.1) 1,810(52.1) 234 172(78.9) 114(52.3)
p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.013

Table 5. Abnormal rates of blood pressure according to body mass index of female study subjects
Unit: Number(%)

BMI <39 40~49 50<
(kg/mr) n SBP DBP n SBP DBP n SBP DBP
First term
(2002 ~2005)
<18.5 185 15(8.1) 7(3.8) 15 3(20.0) 0(0.0) 1 1(100.0) 0(0.0)
18.5-24.9 1,366 215(15.7) 111(8.1) 681 222(32.6) 145(21.3) 67 42(62.7) 29(43.3)
25.0< 146 68(46.6) 44(30.1) 202 125(61.9) 98(48.5) 38 31(81.6) 25(65.8)
p-value <0.001 <0.001 <0.001 <0.001 0.021 0.011
Middle term
(2006 ~2009)
<18.5 137 11(8.0) 3(2.2) 13 5(38.5) 3(23.1) 0 0(0.0) 0(0.0)
18.5-24.9 1,392 229(16.5) 103(7.4) 678 277(40.9) 137(20.2) 71 45(63.9) 27(39.3)
25.0< 168 76(45.2) 39(23.2) 207 140(67.6) 83(40.1) 35 31(88.2) 23(64.7)
p-value <0.001 <0.001 <0.001 <0.001 0.011 0.018
Last term
(2010~2012)
<18.5 116 8(6.9) 2(1.7) 15 5(33.3) 4(26.7) 1 1(100.0) 0(0.0)
18.5-24.9 1,381 229(16.6) 131(9.5) 673 262(38.9) 136(20.2) 68 49(71.2) 25(37.3)
25.0< 200 79(39.5) 50(25.0) 210 145(69.0) 94(44.8) 37 29(80.0) 19(51.4)
p-value <0.001 <0.001 <0.001 <0.001 0.156 0.281
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Table 6. The incidence of hypertension among normal blood pressure for 10 years(2003-2012) by classification of BMI

Male(n=7,265)"

Female(n=1,403)”

Year of health BMI
check up (keg/m) N Numbef of N Numbef of
Hypertension(%) Hypertension(%)

Low(<18.5) 238 12(5.0) 168 3(1.8)

2003 Middle(18.5-24.9) 5,358 401(7.5) 1,108 18(1.6)
High(25.0<) 1,669 230(13.8) 127 22(17.3)

p-value <0.001 <0.001

Low(<18.5) 204 6(2.9) 156 2(1.3)

2004 Middle(18.5-24.9) 5,344 396(7.4) 1,118 28(2.5)
High(25.0<) 1,717 230(13.4) 129 16(12.4)

p-value <0.001 <0.001

Low(<18.5) 187 3(1.6) 136 1(0.7)

2005 Middle(18.5-24.9) 5,318 262(4.9) 1,126 13(1.2)
High(25.0<) 1,760 168(9.5) 141 9(6.4)

p-value <0.001 <0.001

Low(<18.5) 160 42.5) 120 1(0.8)

2006 Middle(18.5-24.9) 5,306 209(3.9) 1,138 11(1.0)
High(25.0<) 1,799 135(7.5) 145 11(7.6)

p-value <0.001 <0.001

Low(<18.5) 186 3(1.6) 127 0(0.0)

2007 Middle(18.5-24.9) 5,255 195(3.7) 1,125 15(1.3)
High(25.0<) 1,824 132(7.2) 151 13(8.6)

p-value <0.001 <0.001

Low(<18.5) 179 3(1.7) 111 0(0.0)

2008 Middle(18.5-24.9) 5,253 213(4.1) 1,144 9(0.8)
High(25.0<) 1,833 150(8.2) 148 12(8.1)

p-value <0.001 <0.001

Low(<18.5) 156 5(2.9) 93 0(0.0)

2009 Middle(18.5-24.9) 5,263 255(3.7) 1,155 17(1.5)
High(25.0<) 1,846 147(7.1) 155 10(6.5)

p-value <0.001 <0.001

Low(<18.5) 170 5(2.9) 91 0(0.0)

2010 Middle(18.5-24.9) 5,196 191(3.7) 1,134 18(1.6)
High(>25.0) 1,899 134(7.1) 178 7(3.9)

p-value <0.001 <0.037

Low(<18.5) 132 1(0.8) 98 1(1.0)

2011 Middle(18.5-24.9) 5,188 134(2.6) 1,134 17(1.5)
High(25.0<) 1,945 145(7.5) 171 9(5.3)

p-value <0.001 <0.003

Low(<18.5) 139 4(2.9) 94 0(0.0)

2012 Middle(18.5-24.9) 5,209 174(3.3) 1,140 13(1.1)
High(25.0<) 1,917 143(7.5) 169 7(4.1)

p-value <0.001 <0.004

1) Number of normal blood pressure in first year(2002) examination was 7,265 in male
2) Number of normal blood pressure in first year(2002) examination was 1,403 in female
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Table 7. Change of mean values of biennial blood pressure according to classification of BMI for 10 years(2003-2012) in male

Non-obesity group(n=17,495)"

Obesity group(n=8,053)”

Year of health Change of

check up BMI group n SBP DBP n SBP DBP
Decreased” 5,648 228 -1.18 1,894 -3.03 -1.96
2003 Unchangid4) 8,241 -1.09 -0.40 3,495 -1.50 -0.65
Increased” 3,606 0.07 0.54 2,664 0.59 0.78

p-value <0.001 <0.001 <0.001 <0.001
Decreased 6,564 -2.34 -0.40 2,098 -3.20 -1.27
2004 Unchanged 7,126 -0.71 0.11 3,042 -1.15 -0.17
Increased 3,805 0.45 0.74 2913 0.84 1.40

p-value <0.001 <0.001 <0.001 <0.001
Decreased 7,354 -2.11 -0.65 2,277 -1.92 -0.89
2005 Unchanged 6,522 -0.99 0.26 2,800 -0.54 0.34
Increased 3,619 0.38 0.91 2,976 0.86 1.57

p-value <0.001 <0.001 <0.001 <0.001
Decreased 7,873 -2.32 -0.49 2,302 -2.21 -0.78
2006 Unchanged 6,219 -0.64 0.57 2,673 -0.69 0.75
Increased 3,403 1.00 1.60 3,078 1.09 2.07

p-value <0.001 <0.001 <0.001 <0.001
Decreased 7.972 -2.91 -0.74 2,335 -3.09 -1.31
2007 Unchanged 5,986 -1.36 0.19 2,567 -0.88 0.43
Increased 3,537 0.83 1.95 3,151 0.66 1.98

p-value <0.001 <0.001 <0.001 <0.001
Decreased 8,346 -2.51 -0.81 2,452 -1.81 -0.75
2008 Unchanged 5,549 -0.72 0.68 2,467 -0.48 0.86
Increased 3,600 0.92 1.70 3,134 1.87 2.50

p-value <0.001 <0.001 <0.001 <0.001
Decreased 8,429 -2.87 -1.27 2,401 -1.71 -1.01
2009 Unchanged 5,355 -0.47 0.42 2,352 -0.32 0.86
Increased 3,711 1.43 2.12 3,300 2.06 2.84

p-value <0.001 <0.001 <0.001 <0.001

Decreased 8,695 -2.19 -0.32 2,544 -1.69 -0.57
2010 Unchanged 5,131 -0.60 0.93 2,232 0.40 1.35
Increased 3.669 1.95 2.49 3,277 1.75 2.51

p-value <0.001 <0.001 <0.001 <0.001
Decreased 9,035 -1.70 -0.42 2,595 -1.48 -0.42
2011 Unchanged 4,976 0.41 1.09 2,193 0.35 0.85
Increased 3,484 2.15 2.57 3,265 2.64 2.86

p-value <0.001 <0.001 <0.001 <0.001

Decreased 9,004 -1.89 -0.40 2,508 -1.84 -0.50
2012 Unchanged 4,766 0.04 1.16 2,167 0.53 1.55
Increased 3,725 242 2.73 3,378 1.89 2.88

p-value <0.001 <0.001 <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 8. Change of mean values of biennial blood pressure according to classification of BMI for 10 years(2003-2012) in female

Year of health Change of Non-obesity group(n:2,303)” Obesity group(n=398) )

check up BMI group n SBP DBP n SBP DBP
Decreased” 662 0.23 0.57 86 -3.51 -1.66

2003 Um:hangejd"> 1,153 0.69 0.75 153 -2.86 274
Increased” 488 0.81 -0.28 159 0.32 1.16

p-value 0.701 0.173 0.111 0.011

Decreased 775 -0.45 0.30 92 -3.58 -1.10

2004 Unchanged 992 0.16 0.18 130 1.02 0.53
Increased 536 0.88 0.51 176 0.03 2.03

p-value 0.216 0.842 0.141 0.121

Decreased 897 -0.74 0.46 106 -1.55 0.26

2005 Unchanged 917 -0.50 0.77 126 -1.52 -0.99
Increased 489 1.25 0.70 166 1.02 1.19

p-value 0.020 0.799 0.334 0.283

Decreased 929 -0.64 0.42 106 271 -0.23

2006 Unchanged 852 -1.03 0.53 102 -1.55 1.04
Increased 522 0.15 1.03 190 -1.62 0.06

p-value 0.282 0.541 0.838 0.691

Decreased 977 -0.80 0.77 110 -1.97 -0.69

2007 Unchanged 824 0.22 1.04 116 0.33 1.81
Increased 502 0.74 1.28 172 0.72 1.56
p-value 0.085 0.660 0.445 0.214

Decreased 1,089 -1.18 0.50 101 -1.59 -0.75

2008 Unchanged 735 -0.76 0.54 113 -2.66 0.79
Increased 479 1.29 1.58 184 -0.01 1.31
p-value 0.005 0.147 0.460 0.355

Decreased 1,171 -0.08 1.06 110 -2.54 -0.52

2009 Unchanged 663 -0.33 0.66 103 0.73 1.85
Increased 469 1.27 2.04 185 1.99 3.33
p-value 0.114 0.092 0.086 0.030

Decreased 1,195 -0.49 0.90 121 -3.22 -0.41

2010 Unchanged 630 0.70 1.25 88 -1.29 1.74
Increased 428 1.06 1.44 189 1.19 1.42
p-value 0.079 0.634 0.102 0.320

Decreased 1,228 -0.46 1.00 129 -3.53 0.26

2011 Unchanged 653 0.60 1.26 82 -2.03 1.05
Increased 422 1.37 1.33 187 1.85 1.93

p-value 0.057 0.824 0.019 0.451

Decreased 1,268 -1.00 0.47 129 -2.45 0.65

2012 Unchanged 595 -0.17 1.05 83 -1.22 1.14
Increased 440 1.04 1.63 186 2.03 2.08
p-value 0.033 0.147 0.075 0.618

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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