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Hand Grip Strength according to the Smoking Status in Korean Adults: The 7th Korea National
Health and Nutrition Examination Survey 2016—2017

Hye In Kim', Hong Soo Lee'*, Sang Wha Lee', Kyung Won Shim?, Insun Ryou?, Yeon Hee Jeong'

'Department of Family Medicine, Ewha Womans University Mokdong Hospital, Ewha Womans University School of Medicine; *Department of Family Medicine,
Ewha Womans University Seoul Hospital, Ewha Womans University School of Medicine, Seoul, Korea

Background: Smoking is a well-known risk factor for respiratory diseases, cardiovascular diseases, and many types of cancers, but there is little
information about the effects of smoking on muscle strength. Hand grip strength (HGS) is a simple way to measure muscle power. We compared the
mean HGS according to smoking status and smoking level in Korean male and female smokers.

Methods: We obtained data from the Korea National Health and Nutrition Examination Survey VIl and included adults aged 20-79 years. We identified
factors that affect HGS and after adjusting for these factors, we compared the mean HGS of smokers, ex-smokers, and nonsmokers. We also
compared the mean HGS of smokers according to the smoking level. ANOVA and ANCOVA analyses were performed to compare the mean HGS. In
addition, we examined the relationship between smoking, and mean main HGS, which is the mean HGS of the dominant hand.

Results: A total of 9,848 people were analyzed after excluding those with uncertain smoking status and those who did not respond to the study
variables. After adjusting for all cofactors, the mean HGS and the mean main HGS were higher in smokers and ex-smokers than in both male and
female nonsmokers with no previous history of smoking. In smokers, the amount of smoking did not affect the mean HGS or mean main HGS.

Conclusion: Smokers and ex-smokers have higher mean HGS and mean main HGS than nonsmokers, and the amount of smoking does not affect the

mean HGS and mean main HGS in smokers.
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Table 1. Baseline characteristics of male participants according to the smoking status and level

Smoking status

Variable : : - : Total P-value
1st quartile 2nd quartile 3rd quartile 4th quartile Ex-smoker Non-smoker
Male 342 (8.6) 448 (11.6) 276 (7.0) 553 (13.4) 1,575 (32.2) 1,074 (27.1) 4,268 (100.0)
Age (y) 41.58+0.88 40.44+0.71 43.26+0.88 45.24+0.60 53.53+0.42 40.02+£0.59 45.48+0.33 <0.001
Height (cm) 172.58+0.45 173.04+0.31 171.87+0.39 171.09+0.29 170.21+0.19 172.1610.22 171.51+0.13 <0.001
Weight (kg) 72.98+0.82 71.94+0.69 72.53+0.79 73.04+0.62 71.68+0.31 72.84+0.42 72.38+0.22 0.120
Body mass index (kg/m?) 24.44+0.23 23.99+0.21 24.49+0.23 24.89+0.18 24.68+0.09 24.54+0.12 24.56+0.06 0.032
Age (y) <0.001
20-40 148 (52.9) 209 (57.2) 107 (44.0) 163 (35.1) 206 (18.0) 487 (57.2) 1,320 (40.3)
41-60 115 (35.2) 154 (31.8) 126 (44.6) 304 (55.5) 624 (49.4) 323(29.2) 1,646 (41.1)
61-79 79 (11.9) 85(11.0) 43 (11.4) 86 (9.4) 745 (32.6) 264 (13.6) 1,302 (18.6)
Body mass index (kg/m?) <0.001
Underweight (<18.5) 13 (4.0) 18 (5.2) 7(2.6) 22(29) 21(1.1) 212.2) 102 2.5)
Normal (18.5-22.9) 111 (33.3) 146 (32.0) 94 (35.0) 152 (27.5) 443 (27.7) 336(31.9) 1,282 (30.3)
Overweight (23.0-24.9) 87 (24.5) 107 (24.7) 67 (21.9) 123(21.9) 453 (28.4) 286 (25.8) 1,123 (25.6)
Obese (>25.0) 131(38.2) 177 (38.1) 108 (40.5) 256 (47.7) 658 (42.8) 431 (40.2) 1,761 (41.7)
Physical activity <0.001
Vigorous work or exercise 68 (23.2) 72 (18.3) 42 (17.0) 80 (15.8) 238(18.9) 216 (24.3) 716 (20.1)
Moderate work or exercise 67 (20.5) 101 (22.4) 52 (18.6) 91 (16.2) 353 (22.7) 244 (22.1) 908 (21.2)
None 207 (56.4) 275 (59.3) 182 (64.4) 382 (68.0) 984 (58.3) 614 (53.6) 2,644 (58.7)
Educational level <0.001
<Middle school 62 (12.5) 80 (13.6) 48 (13.5) 137 (19.3) 515 (26.0) 198 (11.5) 1,040 (17.7)
High school 111 (35.3) 182 (43.1) 107 (41.1) 247 (48.7) 426 (27.2) 334 (35.7) 1,407 (35.9)
>College 169 (52.2) 186 (43.3) 121 (45.4) 169 (32.0) 634 (46.8) 542 (52.8) 1,821 (46.4)
Household income 0.173
Low 60 (15.9) 67 (12.2) 44 (15.4) 72 (9.9) 277 (12.8) 154 (13.7) 674 (13.0)
Mid-low 71(17.3) 117 (22.6) 59 (22.9) 145 (26.5) 402 (23.4) 231 (20.7) 1,025 (22.4)
Mid-high 102 (32.0) 132 (33.8) 93(31.9) 163 (31.4) 410 (28.5) 328 (30.9) 1,228 (30.7)
High 109 (34.7) 132 (31.4) 80 (29.8) 173 (32.2) 486 (35.3) 361 (34.7) 1,341 (33.9)
Subjective health state <0.001
>Good 104 (32.8) 120(27.2) 69 (24.2) 113 (21.5) 513 (33.5) 441 (42.1) 1,360 (32.8)
Moderate 181 (51.2) 265 (58.4) 167 (59.5) 315 (56.9) 804 (52.4) 510 (46.7) 2,242 (52.6)
<Bad 57 (16.0) 63 (14.4) 40(16.2) 125(21.6) 258 (14.0) 123(11.1) 666 (14.6)

Values are presented as unweighted number (weighted %) for categorical variables or meantstandard error for continuous variables.

P-values are from Rao-Scott #? test or ANOVA.
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Table 2. Baseline characteristics of female participants according to the smoking status and level

Smoking status

Variable - : - : Total P-value
1st quartile 2nd quartile 3rd quartile 4th quartile Ex-smoker Non-smoker

Female 55(1.2) 50(1.2) 56 (1.0) 110 (2.3) 227 (4.2) 5,082 (90.1) 5,580 (100.0)
Age (y) 37.03£1.68 43.16£2.51 41.52+2.09 42.41+153 40.94+0.87 47.62+0.35 46.98+0.33 <0.001
Height (cm) 160.91+0.82 158.78+0.81 159.05+0.70 159.53+0.67 161.42+0.46 158.07+0.13 158.30+0.12 <0.001
Weight (kg) 58.66+1.40 57.81+1.31 56.68+1.62 61.20+1.42 60.54+0.80 58.26+0.17 58.41+0.17 0.021
Body mass index (kg/m?) 22.64%0.50 22.96+0.53 22.44%0.65 24.01+0.50 23.25+0.30 23.34£0.07 23.33+0.07 0.327
Age (y) <0.001

20-40 33 (63.7) 21 (47.4) 24 (50.4) 51 (49.1) 119 (56.7) 1,459 (34.5) 1,707 (36.4)

41-60 18 (32.5) 21(38.3) 21(34.8) 44 (40.6) 72 (34.0) 2,102 (43.2) 2,278 (42.4)

61-79 4(3.8) 8(14.3) 11(14.7) 15(10.3) 36 (9.2) 1,521 (22.4) 1,595 (21.1)
Body mass index (kg/m?) 0.289

Underweight (<18.5) 2(5.9) 2(4.0) 6(13.9) 7 (6.0 12 (6.8) 232 (5.2) 261 (5.4)

Normal (18.5-22.9) 30(56.2) 28 (53.7) 27 (54.5) 45 (39. 1) 100 (45.7) 2,264 (46.5) 2,494 (46.5)

Overweight (23.0-24.9) 9(15.3) 8(12.3) 5(5.8) 19 (20.2) 47 (22.0) 1,053 (20.2) 1,141 (20.0)

Obese (>25.0) 14 (22.6) 12(29.9) 18 (25.8) 39 (34.6) 68 (25.5) 1,533 (28.1) 1,684 (28.1)
Physical activity 0.448

Vigorous work or exercise 5(7.0) 4(10.7) 2.0 8(9.6) 23(11.6) 355 (7.9) 397 (8.1)

Moderate work or exercise 11(17.2) 9(18.0) 9(19.5) 18 (17.0) 51 (25.1) 992 (20.5) 1,090 (20.5)

None 39 (75.8) 37(71.3) 45 (78.5) 84 (73.4) 153 (63.3) 3,735(71.6) 4,093 (71.4)
Educational level <0.001

<Middle school 9(12.8) 16 (23.7) 15(19.2) 40 (31.7) 46 (14.3) 1,685 (27.0) 1,811 (26.3)

High school 24 (47.5) 19 (45.5) 25 (40.8) 49 (48.4) 78 (34.5) 1,523 (32.6) 1,718 (33.4)

>College 22(39.7) 15 (30.8) 16 (40.0) 21(19.9) 103 (51.2) 1,874 (40.4) 2,051 (40.3)
Household income 0.143

Low 9(15.9) 12 (17.0) 12(17.2) 20(15.8) 6 (10.6) 893 (15.0) 982 (14.9)

Mid-low 14(29.1) 12 (28.8) 15 (24.0) 36 (32.3) 61(26.7) 1,242 (23.5) 1,380 (24.0)

Mid-high 16 (24.4) 12 (25.5) 19 (36.9) 37 (36.7) 79 (34.8) 1,418 (29.5) 1,581 (29.9)

High 16 (30.6) 14 (28.6) 10(21.9) 17 (15.2) 1(27.8) 1,529 (32.0) 1,637 (31.3)
Subjective health state <0.001

>Good 10 (22.0) 8(20.0) 12 (23.3) 15(13.2) 51 (24.3) 1,348 (27.5) 1,444 (26.8)

Moderate 36 (63.4) 30 (64.0) 31(54.3) 54 (53.5) 106 (48.0) 2,737 (54.5) 2,994 (54.4)

<Bad 9(14.6) 12 (16.0) 13(22.4) 41 (33.3) 70 (27.7) 997 (18.0) 1142 (18.8)

Values are presented as unweighted number (weighted %) for categorical variables or meantstandard error for continuous variables.

P-values are from Rao-Scott ¢ test or ANOVA.
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Table 3. Physical traits of male and female participants according to the smoking status
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Smoking status

Variable Total P-value
Current Ex-smoker Non-smoker
Male 1,619 (40.7) 1,575 (32.2) 1,074 (27.1) 4,268 (100.0)
Age (y) 42.75+0.41 53.53+0.42 40.02+0.59 45.48+0.33 <0.001
Height (cm) 172.10£0.19 170.21+0.19 172.16+0.22 171.51+0.13 <0.001
Weight (kg) 72.63+0.36 71.68+0.31 72.84+0.42 72.38+0.22 0.030
Body mass index (kg/m?) 24.47+0.10 24.68+0.09 24.54+0.12 24.56+0.06 0.222
Mean HGS (kg) 38.92+0.23 37.86+0.21 37.52+0.25 38.20+0.15 <0.001
Mean main HGS (kg) 39.74+0.24 38.60+0.23 38.32+0.27 38.99+0.16 <0.001
Female 271 (5.7) 227 (4.2) 5,082 (90.1) 5,580 (100.0)
Age (y) 41.27+0.99 40.94+0.87 47 .62+0.35 46.98+0.33 <0.001
Height (cm) 159.59+0.38 161.42+0.46 158.07+0.13 158.30+0.12 <0.001
Weight (kg) 59.19+0.75 60.54+0.80 58.26+0.17 58.41+0.17 0.010
Body mass index (kg/m?) 23.23+0.28 23.25+0.30 23.34+0.07 23.33+0.07 0.898
Mean HGS (kg) 23.160.28 23.26+0.31 21.84+0.10 21.98+0.09 <0.001
Mean main HGS (kg) 23.62+0.30 23.78+0.32 22.40+0.10 22.53+0.10 <0.001

Values are presented as unweighted number (weighted %) for categorical variables or meanztstandard error for continuous variables.

HGS, hand grip strength.
P-values are from Rao-Scott y? test or ANOVA.
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Table 4. Mean HGS and mean main HGS according to the characteristics of male and female participants
Subject Characteristic Mean HGS (kg) P-value Mean main HGS (kg) P-value
Male Age (y) <0.001 <0.001
20-40 39.77+0.23 40.70+0.25
41-60 39.01£0.19 39.81+0.21
61-79 32.98+0.23 33.46+0.24
Body mass index (kg/m?) <0.001 <0.001
Underweight (<18.5) 32.36+0.84 33.41£0.90
Normal (18.5-22.9) 36.66+0.24 37.37+0.25
Overweight (23.0-24.9) 38.31+0.24 39.11+0.26
Obese (>25.0) 39.60+0.20 40.42+0.22
Physical activity <0.001 <0.001
Vigorous work or exercise 40.08+0.27 40.87+0.30
Moderate work or exercise 39.16+0.26 39.89+0.28
None 37.21£0.18 38.02+0.20
Educational level <0.001 <0.001
<Middle school 34.33+0.28 34.73+0.30
High school 38.67+0.24 39.53+0.25
>College 39.31+0.19 40.19+0.20
Household income <0.001 <0.001
Low 34.23+0.38 34.82+0.39
Mid-low 37.71£0.29 38.4810.31
Mid-high 39.13+0.23 39.90+0.25
High 39.21+0.22 40.10+0.23
Subjective health state <0.001 <0.001
>Good 39.31+0.22 40.05+0.24
Moderate 38.27+0.18 39.09+0.20
<Bad 35.47+0.37 36.22+0.38
Female Age (y) <0.001 <0.001
20-40 22.92+0.14 23.53+0.15
41-60 22.67+0.12 23.22+0.13
61-79 18.9810.14 19.40+0.15
Body mass index (kg/m?) 0.002 0.007
Underweight (<18.5) 20.89+0.29 21.45+0.33
Normal (18.5-22.9) 21.97+0.10 22.53%0.11
Ovenweight (23.0-24.9) 22.03+0.18 22.55+0.20
Obese (>25.0) 22.16+0.17 22.71+0.17
Physical activity <0.001 <0.001
Vigorous work or exercise 23.51+0.27 24.11£0.29
Moderate work or exercise 22.87+0.15 23.46+0.16
None 21.55+0.10 22.08+0.11
Educational level <0.001 <0.001
<Middle school 19.76+0.14 20.20+0.15
High school 22.74+0.15 23.33+0.16
>College 22.80+0.11 23.38+0.12
Household income <0.001 <0.001
Low 19.46+0.21 19.90+0.23
Mid-low 21.85+0.15 22.38+0.16
Mid-high 22.68+0.14 23.29+0.15
High 22.59+0.14 23.16+0.15
Subjective health state <0.001 <0.001
>Good 22.92+0.15 23.52+0.17
Moderate 22.00+0.10 22.53+0.11
<Bad 20.57+0.20 21.10+0.21
Values are presented as meanzstandard error.
HGS, hand grip strength.
www kjfp.or.kr 359
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(model 2), LFo]e} BMIZ B4 A9ol= 77 FiA2] okelo]
9¥hmodel 3). T o], BMISH L5 B Az} 7
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FARL}E FARRE] oFF Zpol= m|oFsi A A (model 4) AFZ]
e Zeet RE Mg BAYE fof] mean HGSE SR ONA]
38.1540.22 kg, T FAAOA 38.18+0.23 kg O & 2Fo]7} §IITh
I3y AxeE A SAAFL] mean HGSE Bl SR mean HGS
2l 36.00+0.26 kg®} Bl WS v HF] 27t EF WA} oo 2 7

.5, FAARE A FARFY] mean HGS+= BIZAARET =340
(model 5) (P<0.001). OJAJoAE HE H4-ES EASH 23} mean
HGS7F FARFollA] 22.9740.27 kg, TA FAAA] 22.76+0.31 kg,
H BRI A 21.85+0.13 kgO 2 AR} TA ZAAIA mean
HGS= AFol7t gl ot BlgARtol HishA= oot &=ttt
(P<0.001). 72 AF&SF= £9] Ha+ 239l mean main HGS FSH 2
= WS ES BAT 29, GAY o BF SRR A FAA
oA HZAAt] BI3 mean HGS7H l:‘—ES’&E‘r(P<O.OOI). FAR A &
Ao WE mean HGS2}F mean main HGSQ] 3% H§ E5FolA

29 18 7b9] |7} YATHTable 6)

Smoking status

Subject Model Variable P-value
Current Ex-smoker Non-smoker

Male 1 Mean HGS (kg) 38.92+0.23 37.86+0.21 37.52+0.25 <0.001
Mean main HGS (kg) 39.74+0.24 38.60+0.23 38.32+0.27 <0.001

2 Mean HGS (kg) 38.48+0.21 39.15+0.21 36.65+0.25 <0.001

Mean main HGS (kg) 39.28+0.23 39.97+0.23 37.39+0.27 <0.001

3 Mean HGS (kg) 38.54+0.21 39.05+0.20 36.69+0.25 <0.001

Mean main HGS (kg) 39.33+0.23 39.87+0.22 37.43+0.27 <0.001

4 Mean HGS (kg) 39.04+0.21 39.38+0.20 37.07+0.25 <0.001

Mean main HGS (kg) 39.80+0.23 40.18+0.22 37.79+0.27 <0.001

5 Mean HGS (kg) 38.15+0.22 38.18+0.23 36.00+0.26 <0.001

Mean main HGS (kg) 38.83+0.24 38.89+0.25 36.65+0.28 <0.001

Female 1 Mean HGS (kg) 23.16+0.28 23.26+0.31 21.84+0.10 <0.001
Mean main HGS (kg) 23.62+0.30 23.78+0.32 22.40+0.10 <0.001

2 Mean HGS (kg) 22.68+0.28 22.75+0.31 21.90+0.09 0.001

Mean main HGS (kg) 23.11+0.29 23.24+0.32 22.46+0.10 0.011

3 Mean HGS (kg) 22.63+0.27 22.70+0.31 21.90+0.09 0.003

Mean main HGS (kg) 23.06+0.28 23.18+0.32 22.46x0.10 0.020

4 Mean HGS (kg) 23.13+0.27 23.08+0.32 22.33+0.12 0.002

Mean main HGS (kg) 23.57+0.29 23.58+0.33 22.91+0.14 0.016

5 Mean HGS (kg) 22.97+0.27 22.76x0.31 21.85+0.13 <0.001

Mean main HGS (kg) 23.41+0.28 23.25+0.32 22.42+0.14 <0.001

Values are presented as meanzstandard error.
HGS, hand grip strength; BMI, body mass index.

Model 1: unadjusted. Model 2: adjusted for age. Model 3: adjusted for age, BMI. Model 4: adjusted for age, BMI, physical activity. Model 5: adjusted for age, BMI,

physical activity, educational level, income, subjective health status.
P-values are from ANOVA (unadjusted) or ANCOVA (adjusted).
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Table 6. Mean HGS and mean main HGS according to the smoking level quartile in smokers

Smoking level quartile group

Subject Model Variable - - - - P-value
1st quartile 2nd quartile 3rd quartile 4th quartile

Male 1 Mean HGS (kg) 39.18+0.45 38.68+0.36 39.29+0.45 38.76+0.37 0.625
Mean main HGS (kg) 40.11+£0.49 39.53+0.39 40.07+0.50 39.51+0.38 0.600

2 Mean HGS (kg) 38.98+0.42 38.30+0.36 39.38+0.45 39.17+0.36 0.249

Mean main HGS (kg) 39.91+0.46 39.12+0.39 40.16+0.50 39.95+0.37 0.330

3 Mean HGS (kg) 39.01+0.41 38.52+0.35 39.36+0.46 38.97+0.36 0.544

Mean main HGS (kg) 39.93+0.45 39.34+0.38 40.15+0.50 39.76+0.37 0.610

4 Mean HGS (kg) 39.39+0.40 38.97+0.35 39.86+0.44 39.52+0.38 0473

Mean main HGS (kg) 40.31+0.43 39.78+0.39 40.65+0.49 40.31+0.39 0.570

5 Mean HGS (kg) 38.46+0.41 37.98+0.38 38.95+0.44 38.56+0.41 0.356

Mean main HGS (kg) 39.33+0.44 38.72+0.41 39.67+0.49 39.27+0.42 0.454

Female 1 Mean HGS (kg) 23.16+0.59 22.57+0.56 22.67+0.66 23.67+0.49 0.442
Mean main HGS (kg) 23.83+0.62 22.81+0.61 23.15+0.68 24.11+0.53 0.341

2 Mean HGS (kg) 22.86+0.62 22.70+0.61 22.68+0.64 23.75+0.46 0.396

Mean main HGS (kg) 23.48+0.64 22.9610.65 23.17+0.66 24.21+0.49 0.395

3 Mean HGS (kg) 22.95+0.59 22.76+0.62 22.84+0.67 23.61+0.42 0.582

Mean main HGS (kg) 23.57+0.62 23.02+0.66 23.32+0.69 24.07+0.45 0.566

4 Mean HGS (kg) 23.54+0.63 23.23+0.67 23.44+0.71 24.11+0.49 0.606

Mean main HGS (kg) 24.12+0.64 23.46+0.69 23.89+0.74 24.54+0.52 0.572

5 Mean HGS (kg) 23.78+0.61 23.38+0.61 23.57+0.76 24.11+0.48 0.716

Mean main HGS (kg) 24.44+0.65 23.71+0.61 24.04+0.80 24.67+0.52 0.558

Values are expressed as meanzstandard error.
HGS, hand grip strength; BMI, body mass index.

Model 1: unadjusted. Model 2: adjusted for age. Model 3: adjusted for age, BMI. Model 4: adjusted for age, BMI, physical activity. Model 5: adjusted for age, BMI,

physical activity, educational level, income, subjective health status.
P-values are from ANOVA (unadjusted) or ANCOVA (adjusted).
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