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Table 1. Classification of BMI in Asians

Classification BMI(kg/mz)a) Risk of co-morbidities
Low (but increased risk of other
Underweight <18.5
clinical problems)
Normal range 18.5-22.9 Average
Overweight =23
At risk 23-24.9 Increased
Obese I 25-29.9 Moderate
Obese 1I =30 Severe

UBMI : Body mass index

Source : The Asia-Pacific

perspective :

Redefining obesity and its treatment. WHO
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Table 2. Description of the third Korea national health and nutrition

examination survey, 2005
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Musculoskeletal

injury

* Case
= Control

N Logistic regression
A
Genearal ’ Social economic
Health behavior
1 Smoking Education
Body mass index ggi Drinking Household income

(BMI) Physically active Emplayee

<18.5
18.5-22.9
23.0-24.9

=25.0

Regression

Severity of
musculoskeletal
injury

+*Days in bed
+*Absence to days

Figure 1. The frame of study
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Ao 204 F| O] 22.04%Z 7} =T, 20-29417F 927% % JHA G

Table 3. Distribution of sex and age of musculoskeletal injury group
and control group.

Variable Musculo;l;ghe}t)al injury Control group
Sex Male 177 56.55 531 56.55
Female 136 43.45 408 43.45
Age(year) <20 69 22.04 207 22.04
20-29 29 9.27 87 9.27
30-39 51 16.29 153 16.29
40-49 50 15.97 150 15.97
50-59 46 14.70 138 14.70
>60 68 21.73 204 21.73
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Table 4. General characteristics of musculoskeletal injury group and
control group.

Musculoskeletal Control group
Variable Injury group X2 p-value
(n=313) (n=939)
BMI” <185 45 14.38 138 14.70 343 0.330
2
(kg/m%) 485009 105 3355 362 3855
23.0-24.9 69 22.04 199 21.19
>25.0 94 30.03 240 25.56
Smoking  Non-smoker 112 47 46 393 5497 4.02 0.134
Ex-smoker 53 22.46 139 19.44
Current smoker 71 30.08 183 25.59
Drinking  Non-drinker 46 19.41 178 2465 274  0.098
Drinker 191 80.59 544 75.35
Regullar  Njo 126 47.01 433 5333 321 0.073
exercise
Yes 142 52.99 379 46.67

Education :
Less than high 135 4313 411  43.77 1047 0.015

school
High school 107 34.19 244 25.99
More than college 62 19.81 244 25.99
Preschool child 9 2.88 40 4.26
Household 16w income 222 7093 665  70.82 842 0.015
meome  nfiddle income 68 2173 158  16.83
High income 23 7.35 116 12.35
Employee N 101 3227 278 2961 0.79 0375
Yes 212 6773 661  70.39

“BMI : Body mass index
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Table 5. Distribution of musculoskeletal injuries by BMI in
musculoskeletal injury group

Fracture Sprain Dislocation Total , P-
n % n % n % n % value

2\a)
BMI(kg/m’)" g5 15 3333 27 60.00 3 667 45 100.00 830 0.217

18.5-229 37 3524 67 6381 1 095 105 100.00

23.0-249 14 2029 51 7391 4 580 69 100.00

>25.0 27 2872 63 67.02 4 426 94 100.00

Total 93 29.71 208 66.45 12 3.83 313 100.00
YBMI : Body mass index
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Table 6. Relationship between BMI” and musculoskeletal injury by sex-age groups

Age(year)
<20 20-39 40-59 > 60
Odds  95% CI” Odds  95% CI Odds  95% CI Odds  95% CI
ratio Low High p-value ratio Low High p-value ratio Low High p-value ratio Low High p-value
Male
<18.5 150 071 318 0286 215 033 1358 0.422 - 1.06 019 6.03 0.947
18.5-22.9 1.00 1.00 1.00 1.00
23.0-24.9 1.09 031 378 0897 125 053 292 0611 092 040 210 0.835 088 031 247 0.805
>25.0 251 087 721 0.089 099 045 216 0973 1.00 047 214 0998 150 051 441 0.463
Female
<18.5 114 026 294 0835 147 035 624 0.599 - 210 043 1035 0.362
18.5-22.9 1.00 1.00 1.00 1.00
23.0-24.9 320 017 61.02 0439 246 088 6.87 0.088 1.03 044 241 0940 121 044 330 0714
>25.0 - 289 1.05 797 0.041 117 053 260 0.694 117 047 288 0.738

“BMI : Body mass index

PCT : Confidence interval
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Table 7. Odds ratio and 95% confidence intervals of musculoskeletal
injury after adjusting for general characteristics

. . 95% C1”
Variable Odds Ratio p-value
Low High
BMI? <18.5 1.33 0.74 2.39 0.337
(kg/m?) 18.5-22.9 1.00
23.0-24.9 1.38 0.95 2.00 0.090
>25.0 1.50 1.06 2.13 0.022
Age(year) 0.99 0.98 1.00 0.246
Sex Male 1.00
Female 1.49 0.97 2.29 0.068
Smoking Non-smoker 1.00
Ex-smoker 1.81 1.11 2.96 0.018
Current smoker 1.80 1.14 2.83 0.011
Drinking Non-drinker 1.00
Drinker 1.13 0.79 1.60 0.509
Regullar No 1.00
exercise
Yes 1.30 0.98 1.74 0.070
Education Less than high School 0.67 0.46 0.98 0.037
High school 1.00
More than college 0.56 0.38 0.83 0.003
Household  High income 1.00
income Middle income 1.08 0.72 1.63 0.711
Low income 0.54 0.31 0.94 0.030
Employee No 1.00
Yes 0.75 0.51 1.10 0.135

“BMI : Body mass index

)CT : Confidence interval
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Table 8. Odds ratio and 95%
injury after adjusting for general characteristics by sex

confidence

intervals of musculoskeletal

Male (n=708)

Female(n=544)

95%CI i 95%CI i
OR Vzﬁue OR Vzﬁue
Low High Low High
BMI <185 1.09 051 233 0.829 141 050 3.95 0.513
2
(kg/m%) 455009 1.00
23.0-24.9 122 074 203 0435 169 0.93 3.06 0.085
>25.0 146 091 233 0.117 1.83 1.02 3.29 0.043
Age(year) 099 097 1.00 0089 100 098 1.02 0.819
Smoking  Non-smoker 1.00
Ex-smoker 1.78 0.93 3.43 0.083
Current smoker 1.73 097 311 0.065
Drinking Non-drinker 1.00 1.00
Drinker 118 0.68 2.05 0550 1.09 0.66 1.80 0.735
Regullar No 1.00
exercise
Yes 118 0.81 1.74 0392 154 096 246 0.072
Education Less than high 073 044 121 0218 062 033 1.18 0.146
school
High school 1.00 1.00
More than college 037 022 0.62 0.000 124 0.65 237 0512
Household High income 1.00 1.00
income  Middle income 119 074 193 0480 126 047 3.34 0.649
Low income 0.65 035 1.21 0.175
Employee No 1.00 1.00
Yes 0.87 052 145 0592  0.72 0.37 1.40 0.330

“BMI : Body mass index

YCI : Confidence interval
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Table 9. Severity of musculoskeletal injury by BMI

Quartile

Variable N o 50% 75% 100% Mean+SD  X* p-value

All  BMI” Days in bed 6.81 0.078
(kg/m?) <185 48 0 0 6 85 585+14.23
18.5-22.9 116 0 0 240 8.22+24.68
23.0-24.9 82 0 2 10 81 7.5+14.10
>25.0 104 0 2 10 120 11.80+23.22

Absence to daysb) 710 0.069
<18.5 42 0 0 145 7.90+23.58
18.5-22.9 85 0 240 11.99+37.00
23.0-24.9 56 0 15 14 160 13.75+32.05
>25.0 770 2 5 114 12.00+21.93

Male BMI Days in bed 575 0.125
(kg/m?) <185 31 0 0 85 5.00+15.40
18.5-22.9 65 0 1 240 10.45+31.68
23.0-24.9 45 0 2 10 81 7.31+13.60
>25.0 57 0 3 14 120 12.91+24.62

Absence to daysb) 7.64 0.054
<185 30 0 0 145 7.83%26.79
18.5-22.9 58 0 0 240 13.95+40.32
23.0-24.9 42 0 3 14 160 16.74+36.28
>25.0 49 0 3 14 94 11.80+21.01

Female BMI Days in bed 2.77 0429
(kg/m?) <185 17 0 0 10 40 7.41+12.07
18.5-22.9 51 0 0 6 32 537+10.04
23.0-24.9 37 0 1 10 60 7.73+14.87
>25.0 47 0 2 7 114 10.45+21.57

Absence to daysb) 271 0.438
<185 12 0 0 155 40 8.08+13.43
18.5-22.9 27 0 0 3 150 7.78+28.88
23.0-24.9 14 0 0 7 30 479+888
>25.0 28 0 05 16 114 12.36+23.86

“BMI : Body mass index
YKruskal-Wallis test
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Table 10. Relationship between BMI and severity of musculoskeletal
injury after adjusting general characteristics

BMI(kg/m’)
<18.5 18.5-22.9 23.0-24.9 >25.0

AllY

Days in bed 2.00(0.714) 1.00 -1.05(0.752)  3.04(0.339)

Absence to days 9.95(0.240) 1.00 0.21(0.971)  -2.40(0.646)
Male”

Days in bed -1.47(0.860) 1.00 -2.74(0.614)  2.36(0.633)

Absence to days 7.24(0.538) 1.00 -0.04(1.000)  -3.72(0.600)
Female”

Days in bed 12.90(0.108) 1.00 0.56(0.893)  5.78(0.171)

Absence to days 13.79(0.174) 1.00 3.80(0.544) 13.17(0.030)

a>Adjusted for Age, Sex(Male, Female), Smoking(Non-smoker, Ex-smoker, Current
smoker), Drinking(Non-drinker, Drinker), Regular exercise(No, Yes), Education(Less than
High school, High school, More than college), Income(Low Income, Middle Income,
High Income), Employee(No, Yes).

b>Adjustecl for Age, Smoking((Non-smoker, Ex-smoker, Current smoker),
Drinking(Non-drinker, Drinker), Regular exercise(No, Yes), Education(Less than High
school, High school, More than college), Income(Low Income, Middle Income, High
Income), Employee(No, Yes).

C)Adjusted for Age, Drinking(Non-drinker, Drinker), Regular exercise(No, Yes),
Education(Less than High school, High school, More than college), Income(Low Income,

Middle Income), Employee(No, Yes).
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Appendix table 1. General characteritics of male

Variable Nli%?ﬁgosglr(g}flt’al Control group X*  P-value
No. % No. %
Total 177 100.00 531  100.00
BMIY <185 28 1582 80 1507 1.08  0.781
(kg/m”)
18.5-22.9 50 3333 195 3672
23.0-24.9 38 2147 118 2222
25.0< 52 2938 138  25.99
Smoking  cyrrent smoker 63 5164 171 4584 4.06  0.132
Ex-smoker 44 36.07 126 33.78
Non-smoker 15 12.30 76 20.38
Drinking  prinker 114 8321 337 8120 028  0.598
Non-Drinker 23 16.79 78 18.80
Physically v 82 5467 235 5154 044 0505
active
No 68 4533 221  48.46
Education  proschool Child 4 226 24 452 1615  0.001
Less than High School 68 38.42 192 36.16
High School 69 3898 140 2637
More than College 36 20.34 175 32.96
Income Low Income 95 5367 286 5386 731  0.026
Middle Income 60 33.90 138 25.99
High Income 22 1243 107 2015
Employee v 118 66.67 360  67.80 0.79  0.675
No 25 1412 62 11.68
Less than l4years 34 19.21 109 20.53

“BMI : Body mass index
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Appendix table 2. General characteritics of female

Variable Nli%?ﬁgosglr(g}flt’al Control group ?  P-value
No. % No. %
Total 136 100.00 408  100.00
BMIY <185 17 1250 58 1422 330  0.348
(kg/m”)
18.5-22.9 46 3382 167  40.93
23.0-24.9 31 2279 81  19.85
25.0< 42 30.88 102 25.00
Smoking  cyrrent smoker 8 702 12 351 591 0052
Ex-smoker 9 7.89 13 3.80
Non-smoker 97 85.09 317 92.69
Drinking  prinker 77 7700 207 6743 328  0.070
Non-Drinker 23 2300 100 3257
Physically v 60 5085 144 4045 391  0.048
active
No 58 4915 212 59.55
Education  proschool Child 5 368 16 392 091 0822
Less than High School 67 49.26 219 53.68
High School 38 2794 104 2549
More than College 26 19.12 69 16.91
Income Low Income 127 93.38 379 92.89 1.39 0.498
Middle Income 8 5.88 20 4.90
High Income 1 0.74 9 221
Employee v 94 69.12 301 7377 3.00 0224
No 27 19.85 56  13.73
Less than l4years 15 11.03 51 12.50

“BMI : Body mass index
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ABSTRACT

The relationship between body mass index and

musculoskeletal injury

Hyun Kyung Ji
Graduate School of Public Health

Yonsei University

(Directed by Professor Chung Mo Nam, Ph D)

Musculoskeletal injury often occurs during life-day. Obese people
have higher possibility of exposure to injury than normal weight people
in case of over-exercise or fall. Obesity limits the span of physical
activities, therefore decreases self-defense capabilities in emergency.

There was no study to investigate the relationship between
BMI(body mass index) and musculoskeletal injury in Korea. Therefore,
this study was performed to investigate the relationship between BMI

and musculoskeletal injury through the respondents to the third Korea
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national health and nutrition examination survey. Study populations
are 313 which were experienced musculoskeletal injury and 939 which
were not experienced musculoskeletal injury, total 1,252 out of 7,595
respondents to the third Korea national health and nutrition
examination survey.

The results are listed below.

The distribution of BMI in the musculoskeletal injury group and the
control was not statistically significant, in condition that confounding
variables like general characteristics, health behavior, and social
economic status were not adjusted(p=0.330).

The distribution of injury types in the musculoskeletal injury group
was that the cases of fraction in lower weight group were more and
the cases of sprain and dislocation in higher weight group were more.
But such difference of the distribution was not statistically significant
(p=0.217).

Odds ratios for BMI were estimated by sex-age groups. The odds
ratio of BMI 225kg/m2 to BMI 18.5-22.9kg/m2 at 20-39years in female
was statistically significant(OR=2.89, p=0.041).

In condition that confounding variables like general characteristics,
health behavior, and social economic status were adjusted, the odds
ratio of BMI 225kg/m2 to BMI 18.5-22.9kg/m2 was statistically
significant (OR=1.50, p=0.022).

There was no relationship between BMI and musculoskeletal injury

_49_



in male. But, in female, the odds ratio of BMI 225kg/rr12 to BMI
18.5-22.9kg/m” was statistically significant (OR=1.83, p=0.043).

In condition that confounding variables like general characteristics,
health behavior, and social economic status were not adjusted, there
was a positive correlation between BMI and the days in bed or
between BMI and the absence days on account of musculoskeletal
injury, but the correlation was not statistically significant.

In female, the mean difference of the absence days between BMI >
25kg/m2 and 18.5-22.9kg/m2 was 13.17 days and it was statistically
significant(p=0.030). But, in case of adjusting confounding variables,
the difference of both the days in bed and the absence days was not
statiscally significant.

It is significant that this is the first study investigating the
relationship between BMI and musculoskeletal injury of the Korean
people. From the result, BMI and musculoskeletal injury have relations
with each other.

But this study has some limitations.  As this study did not
investigate into all the respondents to the third Korea national health
and nutrition examination survey, it is difficult to generalize, to extend
and to apply the result to all of the Korean people. As the design of
this study was a cross-sectional, it is difficult to give a conclusion for
the causal relationship between BMI and musculoskeletal injury. Also,

this study has weakness owing to investigating musculoskeletal injury
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treated by only medical institutions, except non-medical treatment.
It is necessary to study a correlation between BMI and

musculoskeletal injury prospectively

Key words : KNHANES, body mass index, musculoskeletal injury
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