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INTRODUCTION

Sarcopenia is a progressive disease related to falls, fractures, 
physical disabilities, and death. It is a musculoskeletal disorder 
generally accompanied by the reduction of musculoskeletal mass 
and muscular strength [1]. Sarcopenia, previously recognized as a 

natural consequence of aging, has been redefined as a pathophysi-
ological condition, especially after it was assigned a disease code 
in 2016 International Classification of Diseases, 10th revision, 
Clinical Modification [2]. The criteria for sarcopenia diagnosis 
were regularly updated based on scientific evidence. In 2010, the 
European Working Group on Sarcopenia in Older People (EWG-
SOP1) preferentially recommended using reduction of muscle 
mass as a measure for diagnosis of sarcopenia. However, based on 
the scientific evidence that muscular strength is a better predictor 
of adverse sarcopenia outcomes than muscle mass, the EWGSOP2 
updated their recommendation to using the reduction of muscu-
lar strength for diagnosis of sarcopenia in 2018 [1,3]. The EWG-
SOP2 more systematically established sarcopenia diagnostic crite-
ria as follows: identification of potential sarcopenia based on a 
decrease in muscular strength, confirmation of sarcopenia based 
on low muscle quantity or low muscle quality, and estimation of 
sarcopenia severity based on the additional measurement of low 
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physical performance [1]. In addition to the new diagnostic crite-
ria, the EWGSOP2 emphasized that sarcopenia could exist in 
younger age groups [1], which highlights that muscle mass and 
muscular strength should be maintained from a younger age to 
prevent or delay sarcopenia. Thus, if secondary factors of sarcope-
nia including disease, undernutrition, and lack of physical activity 
(PA), are addressed in younger generations, later and long-term 
manifestations of sarcopenia in older age groups could be prevent-
ed and delayed. According to the new sarcopenia diagnosis algo-
rithm of the EWGSOP2, handgrip strength can be utilized for di-
agnosing sarcopenia and evaluating the decline of muscular strength, 
in which it is sufficient to initiate intervention to improve sarcope-
nia for those who show handgrip strength below the reference lev-
els (27 kg for men and 16 kg for women) in clinical practice [1]. 

PA is an important intervention method for sarcopenia [4-7]. 
Resistance exercise is a representative PA related to the prevention 
and treatment of sarcopenia; upper body exercises focused on 
muscular strength enhancement of the upper limbs have positive 
effects on improving handgrip strength [8]. Moreover, a combina-
tion of balance, flexibility, and endurance exercises, along with re-
sistance exercises, could be helpful in handgrip strength improve-
ment [9]. However, most studies focused on the relationship be-
tween PA and handgrip strength in the older population specifi-
cally; thus, sarcopenia in young people is poorly understood. Lee 
et al. [10] observed that handgrip strength begins to decline in 
middle age, regardless of gender, based on a study population 
consisting of those 10 years or older in Korea. Similarly, Kim et al. 
[11] demonstrated that average handgrip strength decreases in 
Koreans of both genders in their 40s. Since both studies were 
cross-sectional study, their results cannot determine the effect of 
fourth decade handgrip strength loss on the development of sar-
copenia in old age. However, both studies recommend PA during 
middle age, when the loss of handgrip strength begins, for protec-
tion against sarcopenia. Dodds et al. [12] also showed that sarco-
penia in old age could be prevented based on muscle accumulated 
previously, such as from middle age. As such, being physically ac-
tive during middle age is recommended. 

The relationship between PA and low handgrip strength in old-
er Koreans has been well-studied; however, no study has analyzed 
this relationship in the Korean population aged 19 years or older 
[13]. By targeting healthy Koreans who participated in the Korea 
National Health and Nutrition Examination Survey (KNHANES) 
2014-2019 aged ≥ 19 years, we investigated the reference values of 
low handgrip strength, subdivided by gender and age group, and 
analyzed the relationship between low handgrip strength and the 
levels of aerobic, muscle strengthening, and walking exercises. 

MATERIALS AND METHODS

Data collection and study participants
Of 45,022 participants in the 2014-2019 KNHANES, we selected 

33,687 individuals aged 19 years or older whose handgrip strength 
on the dominant hand was measured 3 times. Finally, 24,109 in-

dividuals who responded to the survey on height, weight, body 
mass index (BMI), education level, household income, smoking 
status, frequency of alcohol drinking, comorbidities (hypertension, 
diabetes, musculoskeletal disease, hypercholesterolemia, hypertri-
glyceridemia), and PAs (aerobic, muscle strengthening, and walk-
ing exercise) were included in the study. 

Handgrip strength and cut-off values 
Since 2014, the KNHANES has been testing the handgrip strength 

of those who are 10 years or older using a digital grip strength dy-
namometer (Takei Scientific Instruments Co., Ltd, Tokyo, Japan). 
This study used the maximum handgrip strength values from three 
measurements of the dominant hand and six measurements in 
cases of ambidextrous individuals. Cut-off values of low handgrip 
strength were defined as the bottom 20th percentile of handgrip 
strength values after dividing the healthy population depending 
on gender and age group (19-29, 30-39, 40-49, 50-59, 60-69, and  
≥ 70 years) [14]. Of those whose handgrip strength on the domi-
nant hand was measured 3 times, the healthy population was first 
selected from those who answered “no” to the question, “Do you 
have any limitations in daily and social activities due to health is-
sues or physical or mental disorders?” among the questions related 
to inactivity and quality of life in the KNHANES; then answered, 
“no problems” to the five questions (mobility, self-care, usual ac-
tivities, pain/discomfort, and anxiety/depression) of EuroQol 5 
dimension (EQ-5D) that measures health-related quality of life 
(n= 21,462) [15]. For men, the final cut-off values of low hand-
grip strength were 35.7 kg for 19-29 years, 38.2 kg for 30-39 years, 
37.4 kg for 40-49 years, 36.1 kg for 50-59, 33.0 kg for 60-69 years, 
and 27.3 kg for ≥ 70 years. For women, the cut-off values were 
20.6 kg for 19-29 years, 22 kg for 30-39 years, 22 kg for 40-49 years, 
21.3 kg for 50-59 years, 19.8 kg for 60-69 years, and 16.1 kg for 
≥ 70 years. 

Physical activity 
PA was assessed based on the self-reported responses to Global 

Physical Activity Questionnaire provided to those aged ≥ 19 years 
in KNHANES, in which PA types were categorized into aerobic, 
walking, and muscle strengthening exercises. Aerobic exercise was 
evaluated based on the metabolic equivalent task (MET) that con-
sidered exercise intensity using PA time (minutes) related to work, 
transport, and leisure. According to the PA guidelines of the World 
Health Organization (WHO), work and leisure-related PAs were 
evaluated through the calculation of weekly MET (MET-min/wk) 
by multiplying 8 MET for high-intensity PAs and 4 MET for mod-
erate-intensity PAs [16]. Transport-related PAs were calculated by 
multiplying 4 MET for moderate-intensity to obtain weekly MET 
(MET-min/wk). Walking exercise also conformed to the WHO 
guidelines, in which PA time (minutes) was multiplied by 4 MET 
to obtain weekly MET (MET-min/wk) of PA [16]. Referring to 
the PA guidelines of the WHO, individuals with < 600 MET min-
utes, 600≤ MET minutes< 1,200, and ≥ 1,200 MET minutes of 
aerobic and walking exercise per week were classified into inactive, 
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active, and highly active groups, respectively. Moreover, those with 
< 2 days, 2-3 days, and ≥ 4 days of muscle strengthening exercise 
per week were divided into inactive, active, and highly active groups, 
respectively. 

Covariates
Based on preceding studies, the socio-demographic factors af-

fecting low handgrip strength were BMI (underweight, BMI< 18.5; 
normal, 18.5 ≤ BMI < 23.0; overweight, 23.0 ≤ BMI < 25.0; and 
obese, 25.0≤ BMI), education level (≤ elementary school, middle 
school, high school, and ≥ college), and household income (low-
est, mid-low, mid-high, and highest). Health behavior-related fac-
tors used were smoking status (never, past, and currently smok-
ing) and frequency of alcohol consumption (never, < 1, 1-4, and 
≥ 5 times/mo) [11,17-23]. The considered comorbidities were hy-
pertension, diabetes, musculoskeletal disease, hypercholesterolemia, 
and hypertriglyceridemia. The reference values of hypertension 
were 140 mmHg or higher in systolic blood pressure and 90 mmHg 
or higher in diastolic blood pressure, and those who answered 
“yes” to the question about taking an antihypertensive drug were 
considered hypertensive. Patients with 126 mg/dL or higher fast-
ing blood sugar and those who were receiving insulin injections, 
taking an antidiabetic drug, or were diagnosed with diabetes by a 
doctor were considered to have diabetes. The criteria for those 
with musculoskeletal disease were to have arthritis, osteoarthritis, 
rheumatoid arthritis, or osteoporosis. The criteria for those with 
hypercholesterolemia were a total cholesterol level > 240 mg/dL 
or cholesterol-lowering medication use. Individuals with hyper-
triglyceridemia were defined as those with > 200 mg/dL fasting 
triglyceride level at 12 hours. 

Statistical analysis
All statistical analyses were performed using weights generated 

by stratified multi-stage clustered sampling. To calculate p-values 
for categorical variables, chi-square test and one-way analysis of 
variance were applied, while p-values for continuous variables were 
obtained using the t-test. To analyze the relationship between PA 
level and low handgrip strength, multivariable logistic regression 
analysis was used to calculate the prevalence odds ratio (OR) of 
low handgrip strength for groups with either active or inactive PA 
levels compared to highly active PA levels as references. Model 1 
was adjusted for age, gender, and BMI. Model 2 was adjusted for 
education level, household income, smoking status, and frequen-
cy of alcohol drinking and in addition to those of model 1. Model 
3 was additionally adjusted for comorbidities (hypertension, dia-
betes, musculoskeletal disease, hypercholesterolemia, and hyper-
triglyceridemia) in addition to those of model 2. In the analysis of 
the relationship between aerobic and walking exercises and low 
handgrip strength, muscle strengthening exercise was adjusted as 
a covariate to more accurately analyze the relationship between 
PA level and low handgrip strength. The final analysis results are 
presented for the crude model without adjustment and for the ad-
justed model corresponding to the model 3, i.e., the results ob-

tained after adjustment for all covariates. Complex sample design, 
as recommended by the KNHANES guidelines, was reflected in all 
analyses. SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was 
used for the analyses, in which the statistical significance level was 
p-value < 0.05 (Supplementary Materials 1-4).

Ethics statement 
This study was approved by the Institutional Review Board of 

the Korea Disease Control and Prevention Agency (IRB No. 2013- 
12EXP-03-5C, 2018-01-03-P-A, 2018-01-03-C-A). This study 
conforms to the principles of the Declaration of Helsinki. All par-
ticipants were provided with the informed consent form.

RESULTS

The characteristics of the 24,109 participants are shown in Ta-
ble 1. There were more women (51.2%) than men (48.8%). In all 
PAs, the inactive group accounted for majority of the study popu-
lation. Among the participants performing muscle strengthening 
exercise, 77.5% were in the inactive group (less than 2 times/wk). 
Among those performing aerobic and walking exercise, there were 
more participants in the highly active group than in the active 
group.

Factors related to PA levels are summarized in Table 2. Overall, 
low handgrip strength most observed in the inactive group. The 
mean handgrip strength increased as the PA level increased. How-
ever, the post-hoc test found no significant difference in the mean 
handgrip strength between the inactive and active groups practic-
ing walking exercise. Most men belonged to the highly active groups 
in all PAs, whereas women were mostly inactive, except in the 
context of walking exercise. In muscle strengthening exercise, 60s 
or older group mostly belonged to the highly active group (all 
p< 0.05). 

Prevalence ORs showed that active and inactive groups had low-
er handgrip strength than highly active groups in terms of PA lev-
els in the multivariable logistic regression analysis (Table 3). In the 
adjusted model analysis for all participants, active and inactive 
groups for aerobic exercise had ORs (adjusted odds ratio [aOR], 
1.33; 95% CI, 1.18 to 1.49 and aOR, 1.37; 95% CI, 1.25 to 1.51, re-
spectively) higher than that of the highly active group indicating 
significant increase in the OR of low handgrip strength. The inac-
tive group for muscle strengthening and walking exercises had 
higher ORs (aOR, 1.68; 95% CI, 1.46 to 1.93 and aOR, 1.16; 95% 
CI: 1.06 to1.27, respectively) than the highly active group show-
ing a significant increase in the OR of low handgrip strength. The 
active group for walking exercise showed a significant increase in 
the OR of low handgrip strength (aOR, 1.19; 95% CI, 1.08 to 1.30) 
compared to the highly active group.

In adjusted model analyses by gender of all participants, women 
gender in the active and inactive groups for walking exercise had 
a significant increase in OR of low handgrip strength (aOR, 1.24; 
95% CI, 1.09 to 1.41 and aOR, 1.36; 95% CI, 1.21 to 1.52, respec-
tively) compared to those in the highly active group. In contrast, 
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Table 1. General characteristics of the study participants, Korea Na-
tional Health and Nutrition Examination Survey 2014-2019

Characteristics Unweighted, 
n

Weighted, 
n (%)

Total 24,109 27,422,844
Gender
   Men 10,407 13,389,066 (48.8)
   Women 13,702 14,033,778 (51.2)
Age (yr)
   19-39 6,582 9,842,704 (35.9)
   40-59 8,971 10,975,543 (40.0)
   ≥60 8,556 6,604,596 (24.1)
BMI (kg/m2)
   Underweight (<18.5) 930 1,168,874 (4.3)
   Normal (18.5-23.0) 9,411 10,797,840 (39.4)
   Overweight (23.0-25.0) 5,595 6,204,454 (22.6)
   Obesity (≥25.0) 8,173 9,251,675 (33.7)
Education level
   ≤Elementary school 4,953 3,929,267 (14.3)
   Middle school 2,432 2,330,891 (8.5)
   High school 7,854 9,837,841 (35.9)
   ≥College 8,870 11,324,844 (41.3)
Household income
   Lowest 4,505 4,122,288 (15.0)
   Mid-low 5,993 6,622,083 (24.1)
   Mid-high 6,653 8,125,632 (29.6)
   Highest 6,958 8,552,841 (31.2)
Smoking status
   Never 14,790 16,051,334 (58.5)
   Past 5,249 5,872,520 (21.4)
   Current 4,070 5,498,990 (20.1)
Frequency of alcohol drinking (times/mo)
   Never 2,696 2,452,568 (8.9)
   <1 8,479 9,047,340 (33.0)
   1-4 7,851 9,834,276 (35.9)
   ≥5 5,083 6,088,660 (22.2)
Comorbidity1

   Hypertension 7,665 7,240,361 (26.4)
   Diabetes 3,001 2,781,893 (10.1)
   Musculoskeletal Disease 3,632 2,961,530 (10.8)
   Hypercholesterolemia 5,328 5,278,101 (19.2)
   Hypertriglyceridemia 3,452 4,068,663 (14.8)
Low handgrip strength
   Yes 5,376 5,891,853 (21.5)
   No 18,733 21,530,990 (78.5)
Aerobic exercise (MET-min/wk)
   Inactive (<600) 13,154 14,030,545 (51.2)
   Active (600-1,200) 4,721 5,474,614 (20.0)
   Highly active (≥1,200) 6,234 7,917,684 (28.9)
Muscle strengthening exercise (day/wk)
   Inactive (<2) 19,083 21,264,487 (77.5)
   Active (2-3) 2,547 84,537 (11.8)
   Highly active (≥4) 2,479 77,444 (10.6)
Walking exercise (MET-min/wk)
   Inactive (<600) 9,744 10,791,966 (39.4)
   Active (600-1,200) 6,144 7,206,408 (26.3)
   Highly active (≥1,200) 8,221 9,424,469 (34.4)

BMI, body mass index; MET, metabolic equivalent task.
1Comorbidity displays populations who have the disease. Ta
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men in the highly active group for walking exercise showed no 
significant differences in the OR of low handgrip strength from 
those in the active and inactive groups.

In adjusted model analyses of all participants by age group (19-
39, 40-59, and ≥ 60 years), young participants (19-39 years) in the 
inactive group for muscle strengthening exercise showed higher 
OR (aOR, 1.93; 95% CI, 1.46 to 2.57) of low handgrip strength than 
those in the highly active group. Middle-aged participants (40-59 
years) in the active and inactive groups for aerobic exercise 
showed a significant increase in the OR of low handgrip strength 
(aOR, 1.40; 95% CI, 1.17 to 1.67 and aOR, 1.54; 95% CI, 1.32 to 
1.79, respectively) compared to those in the highly active group. 
The active group for walking exercise also showed a significant 
increase in OR compared to highly active group (aOR, 1.27; 95% 
CI, 1.09 to 1.48). Older individuals (aged ≥ 60 years) in inactive 
groups for aerobic, muscle strengthening, and walking exercises 
had a significant increase in OR of low handgrip strength (aOR, 
1.33; 95% CI, 1.12 to1.59; aOR, 1.91; 95% CI, 1.53 to 2.37; and 
aOR, 1.25; 95% CI, 1.09 to 1.44), compared to the highly active 
group. Although the young, middle-aged, and older participants 
in the active groups for muscle strengthening exercise had higher 
ORs of low handgrip strength than those in the highly active group, 
there were no significant differences.

Figure 1 shows the ORs of low handgrip strength by gender, 
age group, and PA in a subgroup analysis of all participants. For 
women in the young population, unlike the young men, the inac-
tive group for aerobic exercise had a higher OR (aOR, 1.36; 95% 
CI, 1.05 to 1.75) for low handgrip strength than those in the high-
ly active group. In the case of the middle-aged women, active and 
inactive groups for walking exercise showed a significant increase 
in the OR of low handgrip strength (aOR, 1.40; 95% CI, 1.15 to 
1.69 and aOR, 1.47; 95% CI, 1.23 to 1.76, respectively) compared 
to those in the highly active group. As for the older women, the 
inactive group for each PA had a significantly higher OR of low 
handgrip strength than the highly active group. In contrast, the 
older men in the inactive groups for aerobic and muscle strength-
ening exercises had a significantly higher OR of low handgrip 
strength than those in the highly active group; those in the active 
group for walking exercise also had a significant increase (aOR, 
1.30; 95% CI, 1.03 to 1.65) compared to those in the highly active 
group. 

DISCUSSION

Using the data of KNHANES 2014-2019 representing the Kore-
an characteristics, the present study analyzed the relationship between 
PA level and low handgrip strength in Korean aged ≥ 19 years. 

When the entire study participants were divided by gender, 
women engaged in walking exercise showed a significant relation-
ship with low handgrip strength while men showed no relation-
ship. Particularly, middle-aged women had a significant increase 
in the OR of low handgrip strength as the walking exercise level de-
creased. Considering that low handgrip strength is a preferential 

indicator for sarcopenia diagnosis according to the sarcopenia di-
agnosis guidelines of EWGSOP2, these findings suggest that 
walking exercise should have effects on the prevention of sarcope-
nia in Korean women [1]. Few studies have investigated the rela-
tionship of walking in middle-aged women with muscular 
strength and muscle mass. In a study on the effect of walking on 
body composition changes in middle-aged to older women aged 
≥ 50 years, Gába et al. [24] compared the body composition be-
tween the brisk walking intervention (n= 58) and control (n= 46) 
group after 10 weeks of intervention and found was no significant 
difference between the groups. When body composition was 
compared before and after 10 weeks within the brisk walking in-
tervention group, lean body mass of the lower limbs (kg) signifi-
cantly increased, while that of the upper limbs (kg) showed no 
significant difference. In contrast to Gába et al. [24]’s study results, 
our study found a significant relationship between walking and 
handgrip strength, which is a test factor for upper limbs muscular 
strength. This difference is probably due to the following reasons: 
Gába et al. targeted middle-aged to older women who worked in 
offices mostly in seating positions, and applied the intervention 
only for 10 weeks; however, in the present study the participants 
comprised individuals from the general population in whom the 
relationship between walking and handgrip strength was investi-
gated during daily activities. Moreover, the present study utilized 
the self-reported questionnaire for evaluating walking exercise 
levels, while Gába et al. directly measured step numbers to identi-
fy walking exercise levels. Men and women showed different rela-
tionships between walking exercise and handgrip strength; this 
may be attributable to the difference in body composition between 
men and women. Since men have more upper limb muscle mass 
than women, men might be found to gain more benefit from aer-
obic exercise or muscle strengthening exercise in terms of hand-
grip strength than from walking exercise [25]. 

The OR for handgrip strength in young participants in the in-
active group for muscle strengthening exercise, regardless of gen-
der, was approximately 2 times lower than that in those in the 
highly active group of the same exercise, indicating a relevant re-
lationship between muscle strengthening exercise and low hand-
grip strength in the young population. However, no significant 
relationship between walking exercise and low handgrip strength 
was found in this population. This study indicated that handgrip 
strength increased during the second to third decade of life, and 
then started to decrease during the fourth (Supplementary Mate-
rial 5). This suggests that muscle strengthening exercises could 
help prevent sarcopenia in the young population in their 20s to 
30s, producing a high-level muscular strength.

In the present study, middle-aged individuals in active and in-
active groups for aerobic exercise had a significantly higher OR of 
low handgrip strength than those in the highly active groups. Us-
ing the data of the KNHANES 2014-2017, Seong et al. [26] stud-
ied Koreans aged ≥ 19 years, in which the group inactive for aero-
bic exercise (active: ≥ 600 MET-min/wk, and inactive: < 600 MET-
min/wk) had a significantly higher OR of low handgrip strength 
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than the active group. These results are similar to those of our study. 
Thus, aerobic exercise has the potential to prevent sarcopenia in 
middle-aged individuals. 

Walking exercise affected the OR of low handgrip strength in 
older individuals. In the case of older women, the inactive group 
showed a more significant increase in the OR of low handgrip 
strength than the highly active group, whereas older men in the 
active group had a significantly higher OR of low handgrip strength 
than those in the highly active group. Thus, walking exercise could 
reduce sarcopenia risk in older individuals of both genders. This, 
however, should be carefully interpreted, considering that older 
individuals with active muscle strengthening exercise could be 
active in both aerobic and walking exercises. Older individuals in 
muscle strengthening and walking exercise tended to be more en-
gaged in the highly active group than those in the active group. 
Considering that the 2020 National Survey on Sports Participa-
tion found lack of time as the primary reason for not engaging in 
PA, it can be speculated that older individuals could spare more 
time for muscle strengthening or walking exercise because they 
have relatively more time than younger or middle-aged individu-
als [27]. Moreover, media emphasized that muscle strengthening 
exercises prevent chronic diseases, such as osteoporosis and de-
mentia, and walking exercise exerts a lower load on the body in 
older individuals. These may be relevant to the high activity noted 
in the two exercise types [28,29].

This study has some limitations. First, it was a cross-sectional 
study; therefore, we were unable to identify a causal relationship. 
A prospective cohort study should be conducted to investigate the 
causal relationship between PA level for each age group and low 
handgrip strength. Second, PAs were divided into aerobic, muscle 
strengthening, and walking exercises, and the participants were 
divided into highly active, active, and inactive groups for each PA. 
However, there is no clear distinction in each PA. This study only 
investigated the effect of PA level on low handgrip strength; thus, 
the exclusion of participants overlapping between PAs would have 
substantially decreased the sample size, compromising the data 
quality representing Koreans. In the future, an additional study 
should be performed considering the cross effects of PAs or with 
clear distinction among PAs. Third, information on PA level was 
collected based on a self-reported questionnaire; therefore, the re-
lationship between PA level and low handgrip strength might have 
been inaccurately estimated as a result of bias. Finally, as this study 
was based on the KNHANES data targeting Koreans, it has limi-
tations in generalization to other countries. Nonetheless, this study 
has provided information about the relationship between low hand-
grip strength and PA level in Korean adults, which can be used as 
fundamental data to establish a sarcopenia prevention strategy 
targeting both older and younger populations.
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