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ABSTRACT

Purpose: The purpose of this study was to investigate the relationship between relative handgrip strength
(HGS/BMI) and obesity (BMI above 95th percentile) in adolescents. Methods: The subjects of the study were 637
out of 701 adolescents aged 10~18 who participated in the 2018 National Health and Nutrition Survey (KNHANES),
excluding those with missing values in body mass index (BMI) and handgrip strength (HGS). The relative handgrip
strength (HGS/BMI) value was divided by quartile and composite sample logistic regression analysis was
performed to see its relationship with obesity (BMI above 95th percentile). The collected data were analyzed using
SPSS 18.0. Results: As a result of analyzing HGS according to gender-specific quartiles, age, height, and weight
of male adolescents increased significantly as HGS/BMI increased (p trend<.001). In addition, as HGS/BMI
increased, total cholesterol, triglycerides, and HDL cholesterol decreased significantly (p trend<.001). In the case
of female adolescents, age and height increased significantly as HGS/BMI increased (p trend<.001). HGS/BMI
was lower in the obese group (p=.023), while total cholesterol was higher in the obese group(BMI above 95th
percentile) than in the non-obese group. As a result of the composite sample logistic regression analysis, the odds
ratio (OR) decreased significantly as the quartile increased in both male and female adolescents. Conclusion:
According to these results, a follow-up study is needed to confirm the factors affecting muscle strength of
adolescents. In addition, this study intends to be used as basic data to conduct further research and to develop
programs that can improve muscle strength and reduce obesity in adolescents.
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3 7H10~184] H4109] Qwba S48 Table 19] A A]5}
k. B4 RIS £ 637902 o] 5 WA PAHL 340
(53.4%), 12} HA-L 2977 (46.6%) 0| Slck. WA Had o)
 AE w1424 0], o4} Fade] B APL 7143
Al o] w2 §ol8 2ol §i9ithp=.576). 4183 A%,
a2 5, ARFAFE @3 Yo o] ol Yool ula) &
)02 A 2R H Urk p<.001). BA3HH Sl M
2} 21 9] FPGE 9244043 mg/dL, oJ&} FAE-L 903+

Total Men Women
Variables (n=637) (n=340, 53.4%) (n=297, 46.6%) P
M=SE M=£SE M=SE

Age (year) 14.2£0.13 14.2+0.17 14.3£0.20 576
Height (cm) 161.7£0.55 165.2+0.83 158.0£0.55 <.001
Body weight (kg) 55.9+0.75 60.0+1.13 51.1+0.59 <.001
Waist circumference (cm) 70.21+0.52 73.5+0.75 66.6+0.45 <.001
BMI (m’) 21.1£0.19 21.7£0.27 20.3+0.20 <.001
FPG (mg/dL) 99.410.32 9244043 90.3+0.43 <.001
HbAIC (%) 5.610.13 5.4%0.02 5.3£0.02 178
Total cholesterol (mg/dL) 164.9+1.31 162.5£1.85 166.9£1.75 .052
HDL cholesterol (mg/dL) 51.0+£0.49 49.410.61 52.6%0.61 <.001
Triglycerides (mg/dL) 89.6+2.43 88.4+2.99 90.8+3.43 549
AST (IU/L) 20.7+0.50 22.2+0.56 19.3£0.66 017
ALT (IU/L) 18.0+1.19 21.7£1.89 14.4+0.83 032
HGSs* 24.8+0.47 28.8+0.74 20.6+0.46 <.001
HGS/BMI ratio " 1.19+0.02 1.34+0.03 1.02+0.02 <.001

*HGS, the best score of the right HGS maximum and the left HGS maximum; THGS/ BMI ratio, HGS divided by BMI; M=Mean; SE=Standard
error, BMI=Body mass index; FPG=Fasting plasma glucose; HbAlc=Glycated hemoglobin; HDL=High density lipoprotein; AST=Aspartate
Aminotransferase; ALT=Alanine Aminotransferase; HGS=Hand grip strength.
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228288, 3444, HDL 282888 257 1140}
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o], 717} 21817 27F8H%. 0. (p trend <.001), BMI 1A
919} 204917} 3, 48 9] T ol u]ukt 797} Aol
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12740l AFhore] AHESI7E S71e45 HlgHBMI 9541 5¢]
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Table 2. Characteristics according to the Quartiles of Relative HGS/BMI Ratio in Adolescents (Men) (N=340)
HGS/BMI ratio quartile group
Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 p for trend
<091 091<Q2<1.24 1.24<Q3<1.60 Q4>1.60

Unweighted sample size (n) 83 85 84 88

Age (year) 11.1£0.21 13.4£0.31 15.0£0.22 16.1£0.18 <.001
Height (cm) 147.8+1.39 162.8+1.45 171.0+0.89 173.7£0.56 <.001
Body weight (kg) 47.8+1.96 61.4%2.55 65.0£2.17 63.1£1.17 <.001
Waist circumference (cm) 71.6+1.52 754+1.75 75.3+1.58 71.9+0.80 846
BMI (kg/m?) 21.5£0.52 22.5+0.59 22.0£0.57 20.84+0.33 .106
FPG (mg/dL) 91.2£1.19 90.5+0.96 90.4+0.85 89.4%0.67 .001
HbA1C (%) 5.310.03 5.3+0.03 5.4%0.03 5.3+0.03 .003
Total cholesterol (mg/dL) 176.7+4.32 166.1£3.41 161.3+3.60 154.4+2.85 <.001
HDL cholesterol (mg/dL) 50.3t1.44 51.3£1.25 48.7+1.09 48.1£0.80 .024
Triglycerides (mg/dL) 107.9+8.46 90.9+7.18 88.8+5.76 77.214.38 <.001
ALT 25.2%1.16 23.5+1.70 21.9+0.93 20.1+0.60 .001
ALP 23.7£2.85 26.2+5.17 21.9+2.50 17.8+1.00 .002
HGS* 15.5£0.52 24.1£0.70 30.8£0.81 39.5£1.02 <.001
HGS/BMI ratio " 0.73£0.02 1.07£0.01 1.40£0.01 1.90£0.04 <.001

*HGS, the best score of the right HGS maximum and the left HGS maximum; THGS/ BMI ratio, HGS divided by BMI; BMI=Body Mass Index;
FPG=Fasting plasma glucose; HbAlc=Glycated hemoglobin; HDL=High density lipoprotein; AST=Aspartate Aminotransferase; ALT=Alanine
Aminotransferase; HGS=Hand grip strength.
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Table 3. Characteristics according to the Quartiles of Relative HGS/BMI Ratio in Adolescents (Women) (N=297)
HGS/BMI ratio quartile group
Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 p for trend
<0.81 0.81<Q2<0.98 0.98<Q3<1.15 Q4>1.15

Unweighted sample size (n) 72 72 74 79

Age (year) 12.4+0.42 14.3+0.34 14.1+0.26 15.5+0.29 <.001
Height (cm) 150.6+1.28 156.2+0.88 159.1£0.72 163.0£0.59 <.001
Body weight (kg) 48.31+1.92 52.3+1.42 49.710.80 52.9+1.09 126
Waist circumference (cm) 67.9+1.32 67.910.97 64.91+0.63 66.0+0.93 129
BMI (kg/m’) 21.0+0.61 21.2+0.46 19.6+0.24 19.8+0.37 023
FPG (mg/dL) 91.2+1.19 90.5+0.96 90.5+0.92 89.4+0.63 147
HbA1C (%) 5.3£0.03 5.3+0.03 5.4%0.03 5.3+0.03 713
Total cholesterol (mg/dL) 169.413.46 163.8+3.78 163.4£3.08 170.5£3.09 .548
HDL cholesterol (mg/dL) 51.8+1.79 49.3+0.98 53.811.13 54.5+1.04 .013
Triglycerides (mg/dL) 106.3+8.85 93.4+6.47 76.6+4.19 91.0+5.64 174
ALT 21.6%£1.22 20.4%+1.55 17.5£0.99 18.7%+1.16 117
ALP 16.31£2.04 15.1+2.42 10.9+0.82 15.2+0.94 458
HGS* 13.8£0.50 19.1+0.45 20.5+0.27 26.0£0.50 <.001
HGS/BMI ratio 0.66£0.02 0.9010.01 1.05+0.01 1.32+0.02 <.001

*HGS, the best score of the right HGS maximum and the left HGS maximum; THGS/ BMI ratio, HGS divided by BMI; BMI=Body Mass Index;
FPG=Fasting plasma glucose; HbAlc=Glycated hemoglobin; HDL=High density lipoprotein; AST=Aspartate Aminotransferase; ALT=Alanine

Aminotransferase; HGS=Hand grip strength.
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Table 4. Crude ORs and Adjusted ORs for Obesity (BMI =95 Percentile) of Subjects According to Quartiles of Relative HGS/BMI

Ratio in Gender

BMI > 95 Percentile

Variables Categories Model 1* Model 2 Model 3"
B (€D p B (€D P B (CD) 14
Men HGS/BMI ratio® Quartile 1 reference reference reference
(N=340)
Quartile 2 1.04 936 0.47 .095 0.20 .038
(0.45~2.41) (0.19~1.15) (0.05~0.92)
Quartile 3 0.62 .306 0.19 .012 0.04 .001
(0.25~1.56) (0.05~0.07) (0.01~0.25)
Quartile 4 0.16 .003 0.03 .001 0.06 .006
(0.05~0.52) (0.01~0.23) (0.01~0.43)
p for trend .004 .008 <.001
Women HGS/BMI ratio Quartile 1 reference reference reference
(N=297)
Quartile 2 0.53 222 0.53 218 1.52 .600
(0.19~1.48) (0.19~1.48) (0.32~7.28)
Quartile 3 0.01 <.001 0.01 <.001 0.04 019
(0.00~0.10) (0.00~0.09) (0.00~0.57)
Quartile 4 0.13 .014 0.14 .018 0.34 249
(0.03~0.65) (0.03~0.71) (0.05~2.17)
p for trend .002 .001 <.001

*Model 1: Crude OR; TModel 2: Age adjusted OR; *Model 3: Waist circumference adjusted OR; §HGS/ BMI ratio, HGS divided by BMI.
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