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Abstract This study sought to investigate the variation in the correlation between hand grip strength and
hemoglobin Alc (HbAlc) levels according to the extent of physical activity. The data of 10,678 adults
who participated in the 7th Korea National Health and Nutrition Examination Survey (2016-2018) were
analyzed in this cross-sectional study. The physical activity levels of the participants were determined
based on the results of the International Physical Activity Questionnaire (IPAQ). Using the calculated
values of metabolic equivalent of task (MET) per week, participants were classified into inactive (MET
{ 600), minimally active (600 < MET <( 3,000), and health-enhancing physical activity (MET = 3,000)
groups. Linear regression analyses were conducted separately for the males and females in each group.
There was no statistically significant correlation between hand grip strength and HbAlc level for the
females in each group and males in the inactive and minimally active groups. However, in the
health-enhancing physical activity group for males, a significant inverse correlation was observed,
indicating that lower hand grip strength was associated with a higher HbAlc level (p=0.002). This study
demonstrated the correlation between hand grip strength and HbAlc level, particularly in a specific
subgroup within the overall population, presenting a reference point for diabetes screening and
monitoring.
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(N=14,241)

KNHANES 2016 to 2018, 20 to 64 years old

No data of IPAQ

(N=3,058)

Determination of METs using IPAQ

(N=11,183)
More than 1 week of bed
ridden status in recent 1 month
(N=70)
| N=11,113 |
No data of handgrip strength or
HbAlc
(N=435)
| N=10,678 |

'

’

Inactive
N=3.309
(male=1,318, female=1,991)

Minimally active
N=5,768

(male=2,508, female=3.260)

HEPA active
N= 1,601
(male=851, female=750)

Fig. 1. Flow chart of the study
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Table 1. Demographic characteristics of the participants (male)

Male (n=4,677)
Variables . Minimally active X p value
Inactive (n=1,318) - HEPA active (n=851)
(n=2,508)

Age 53.38416.46 49.61+16.01 48.80+16.28 <0.001

BMI (kg/mz) 24.60%3.48 24.80%3.34 25.01+£3.58 0.026

Alcohol Yes 38 (2.9) 77 3.1) 26 (3.1) 0.947
No 1280 (97.1) 2431 (96.9) 825 (96.9)

Smoking Yes 1016 (77.1) 1835 (73.2) 640 (75.2) 0.310
No 301 (22.8) 669 (26.7) 211 (24.8)

Hypertension Yes 216 (16.4) 415 (16.5) 133 (15.6) 0.820
No 1,102 (83.6) 2,093 (83.5) 718 (84.4)

Diabetes Yes 80 (6.1) 166 (6.6) 50 (5.9) 0.670
No 1,238 (93.9) 2,342 (93.4) 801 (94.1)

Dyslipidemia Yes 163 (12.4) 344 (13.7) 91 (10.7) 0.064
No 1,155 (87.6) 2,164 (86.3) 760 (89.3)

Stroke Yes 13 (1.0) 41 (1.6) 10 (1.2) 0.226
No 1,303 (99.0) 2,467 (98.4) 841 (98.8)

Ischemic heart disease Yes 36 (2.7) 38 (1.5) 9 (1.1) 0.006
No 1,282 (96.3) 2,470 (98.5) 842 (98.9)

Asthma Yes 34 (2.6) 63 (2.5 17 (2.0) 0.650
No 1,284 (96.4) 2,445 (97.5) 834 (98.0)

Depression Yes 21 (1.6) 45 (1.8) 27 (3.2) 0.022
No 1,297 (98.4) 2,163 (98.2) 824 (96.8)

Self-reported functional limitation Yes 49 (3.7) 98 (3.9) 46 (5.4) 0.112
No 1,269 (96.3) 2,410 (96.1) 805 (94.0)

EQ-5D 0.974+0.072 0.978+0.065 0.974+0.065 0.168

Fasting glucose (mg/dl) 102.92+25.19 101.24+22.39 102.11+26.06 0.112

HbAlc (%) 5.68+0.88 5.62+0.77 5.63+0.85 0.055

Absolute HGS (kg) 41.61£6.88 42.12+6.94 43.00+7.38 <0.001

Relative HGS 1.72+0.33 1.72£0.32 1.74£0.33 0.145

MET-min/week 361.18+153.46 1490.05+625.65 5590.37£3367.05 <0.001

Data are expressed as *mean standard deviation for continuous variables and N(%) for categorical variables.

HEPA: health enhancing physical activity, BMI: body mass index, EQ-5D: EuroQol-5 dimensions questionnaire, HbAlc: hemoglobin Alc,

HGS: hand grip strength, MET: Metabolic equivalent of task
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Table 2. Demographic characteristics of the participants (female)

Female (n=6,001)

Variables Inactive Minimally active HEPA active p value
(n=1,991) (n=3,260) (n=750)

Age 44.13+12.08 44.06+12.44 43.56+12.77 0.539

BMI (kg/m’) 23.16+3.80 23.13%3.53 23.14+3.63 0.949

Alcohol Yes 191 (9.6) 247 (7.6) 60 (8.0) 0.035*
No 1,800 (90.4) 3,013 (92.4 ) 690 (92.0)

Smoking Yes 262 (13.2) 380 (11.7) 100 (13.3) 0.193
No 1,727 (86.7) 2,876 (88.2) 650 (86.7)

Hypertension Yes 227 (11.4) 328 (10.1) 87 (11.6) 0.217
No 1,764 (88.6) 2,932 (89.9) 663 (88.4)

Diabetes Yes 83 (4.2) 127 (3.9 37 (4.9 0.431
No 1,908 (95.8) 3,133 (96.1) 713 (95.1)

Dyslipidemia Yes 237 (11.9) 423 (13.0) 107 (14.3) 0.227
No 1,754 (88.1) 2,837 (87.0) 643 (85.7)

Stroke Yes 10 (0.5) 23 (0.7) 5(0.7) 0.661
No 1,981 (99.5) 3,237 (99.3) 745 (99.3)

Ischemic heart disease Yes 6 (0.3) 20 (0.6) 3 (0.4) 0.269
No 1,985 (99.7) 3,240 (99.4) 743 (99.6)

Asthma Yes 43 2.2) 85 (2.6) 16 2.1) 0.518
No 1,948 (97.8) 3,175 (97.4) 734 (97.9)

Depression Yes 98 (4.9) 135 (4.1) 34 (4.5) 0.409
No 1,893 (95.1) 3,125 (95.9) 716 (95.5)

Self-reported functional limitation Yes 95 (4.8) 117 (3.6) 30 (4.0) 0.107
No 1,896 (95.2) 3,143 (96.4) 720 (96.0)

EQ-5D 0.962+0.076 0.967+0.068 0.97240.065 0.003

Fasting glucose (mg/dl) 96.02+20.83 95.62+18.52 95.27+17.14 0.615

HbAlc (%) 5.54+0.64 5.53£0.65 5.55+0.67 0.750

Absolute HGS (kg) 24.41+4.52 24.75+4.56 25.73+4.57 <0.001

Relative HGS 1.08+0.24 1.09+0.23 1.13+0.24 <0.001

MET-min/week 370.22+152.40 1392.41+594.13 4822.73+2299.89 <0.001

Data are expressed as *mean standard deviation for continuous variables and N(%) for categorical variables.

HEPA: health enhancing physical activity, BMI: body mass index, EQ-5D: EuroQol-5 dimensions questionnaire, HbAlc: hemoglobin Alc,

HGS: hand grip strength, MET: Metabolic equivalent of task

*inactive vs minimally active p=0.031, inactive vs HEPA active p=0.533
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Table 3. Multivariate linear regression analysis on the relationship between relative hand grip strength and

HbAlc (male)

B SE p value adjusted R
(constant) 6.538 0.125
Unadjusted -0.498 -
RHGS (-0.639 to ~0.358) 0.072 <0.001 0.035
Inactive (constant) 3.990 0.326
i
N Model 1 -0.140
(n=1,318) RHGS (0304 t0 0.023) 0.083 0.093 0.114
(constant) 3.760 0.418
Model 2 -0.050
RHGS (-0.193 to 0.093) 0.073 0.491 0.342
(constant) 6.195 0.083
Unadjusted -0.336
RHGS (0430 o 20.243) 0.048 €0.001 0.019
. . (constant) 3.903 0.197
Minimal active Model 1 20.043
(n=2,508) RHGS (-0.145 to 0.060) 0.052 0.415 0.136
(constant) 3.978 0.269
Model 2 0.033
RHGS (-0.054 to 0.119) 0.044 0.458 0.406
(constant) 6.417 0.154
Unadjusted -0.453
RHGS (0624 1o 0.283) 0.087 <0.001 0.030
HEPA active odel 1 (constant) _50234244 0.382
(n=851) RHGS (0518 to -0.130) 0.099 0.001 0.081
(constant) 5.985 0.573
Model 2 -0.286
RHGS (0465 10 ~0.106) 0.092 0.002 0.237

B: beta coefficients (95% confidence interval), SE: standard error, RHGS: relative hand grip strength, HEPA: health enhancing physical activity
Model 1: adjustment for age and body mass index; Model 2: model 1 + adjustment for drinking history, smoking history, hypertension,
diabetes, dyslipidemia, stroke, ischemic heart disease, asthma, depression, self-reported functional limitation and EQ-5D index
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Table 4. Multivariate linear regression analysis on the relationship between relative hand grip strength and

HbAlc (female)

B SE p value adjusted R?
(constant) 6.254 0.065
Unadjusted -0.667
RHGS (0781 10 10.552) 0.059 <0.001 0.061
Inactive (constant) 3.803 0.154
iv
- Model 1 -0.029
(n=1,991) RHGS (-0.158 t0 0.100) 0.066 0.659 0.202
(constant) 4.231 0.205
Model 2 -0.004
RHGS (-0.112 to 0.104) 0.055 0.941 0.451
(constant) 6.082 0.055
Unadjusted -0.508
RHGS (0604 1 0.412) 0.049 €0.001 0.032
Minimal active (constant) 4.113 0.127
ini iv
_ Model 1 -0.065
(n=3,260) RHGS 0.171 to 0.041) 0.054 0.229 0.151
(constant) 4.315 0.173
Model 2 0.010
RHGS (-0.078 to 0.098) 0.045 0.821 0.428
(constant) 6.246 0.117
Unadjusted -0.617
RHGS (0815 10 -0.419) 0.101 €0.001 0.046
HEPA active vodel 1 (constant) _46323055 0.268
(n=750) RHGS (0423 10 0.013) 0.111 0.065 0.180
(constant) 4.178 0.408
Model 2 -0.061
RHGS (-0.249 to 0.128) 0.096 0.529 0.406

ZEFl OE o= Al7Ieh Befa Ao A
spof] et

B: beta coefficients (95% confidence interval), SE: standard error, RHGS: relative hand grip strength, HEPA: health enhancing physical

activity

Model 1: adjustment for age and body mass index: Model 2: model 1 + adjustment for drinking history, smoking history, hypertension,
diabetes, dyslipidemia, stroke, ischemic heart disease, asthma, depression, self-reported functional limitation and EQ-5D index
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