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ABSTRACT

OBJECTIVES Age-related loss of muscular strength may contribute to medical health condition. Decreased 
handgrip strength is associated with an increased risk of chronic diseases, disability, and mortality. However, 
it is not known whether handgrip strength is also linked with hospitalization and medical use from the 
long-term cohort study in middle-aged adults. Thus, we aimed to investigate the association of handgrip 
strength levels, medical use, and hospitalization in Korean adults.

METHODS This large prospective study was based on data from Korean Longitudinal Study of Ageing 2006 
to 2018. In total, 9,228 participants aged ≥45 years were included for this study. Handgrip strength was 
measured using dynamometer, and classified into quartiles by sex-specific cutoff point.

RESULTS Significantly higher hazard ratio (HR) for hospitalization was observed in lower handgrip strength 
(HR: 1.22, 95% CI:1.11-1.34) compared to higher handgrip strength (reference) in the fully adjusted model. 
We also found longitudinal association of handgrip strength levels and the use of hospitalization and 
outpatient medical care during 12 years following period using mixed effect modes with time-dependent 
interaction.

CONCLUSIONS Our results suggests that lower handgrip strength was associated with increased the risk 
of hospitalization and use of medical care in Korean population. This study highlights the maintaining of 
muscular strength may play an important role in the reduction of risk for hospitalization and medical use 
by preventing chronic diseases.
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as sarcopenia [3,4]. 
Sarcopenia is a chronic health condition that can cause 

chronic diseases, disability, and which increases dependence, 
and risk of all-cause mortality [5-7]. Recent studies have been 
reported that sarcopenia contribute to the increased risk of 
physical disabilities such as decreased gait speed and falls in 
elderly population [8]. In addition, other experimental and 
epidemiological studies mentioned that sarcopenia is one of 
risk factors that causes concomitant diseases such as geriatric 
chronic diseases and metabolic disorders [9,10]. Therefore, 
prevention of sarcopenia may be an effective strategy in 

Introduction

Loss of muscular strength and skeletal muscle mass has 
been considered as typical physical changes with ageing [1]. 
The skeletal muscle declines by about 0.8% per year after 40 
years of age, and it has been reported that the skeletal muscle 
mass declines by about 15% in 10 years after 70 years of age 
[2]. In this way, a condition characterized by age-related loss 
of skeletal muscle mass and muscular strength is referred to 
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Measurement of handgrip strength

Handgrip strength was assessed using the dynamometer 
from each participant. The maximum handgrip strength 
was measured three times with the standing position. We 
calculated the mean of the average value from maximum value 
of left and right hands [15,16]. To examine the association of 
different levels of handgrip strength on the medical use, we 
divided participants into quartiles of handgrip strength by sex 
(< 28.5, 28.5-32.7, 32.8-37.2, and ≥ 37.3 kg for male, <17.0, 
17.0-19.9, 20.0-22.9, and ≥ 23.0 kg for female).

Medical use and hospitalization

In this study, main outcomes were the use of outpatient 
and hospitalization medical care (days/years). All medical 
information was examined every 2 years from baseline (2006) 
to the end of follow up at 2018. All of the information for 
days for the use of medical care obtained from the medical 
receipt. To analyze the risk of hospitalization, we also 
generated variable for hospitalization defined as those who 
were hospitalized at least once a year.

Other covariates

We also used baseline characteristics from the following 
variables that have been shown to be associated with 
the risk of hospitalization and the use of medical care as 
potential confounding factors: demographics (age, sex, 
household income and education level), lifestyle factors 
(smoking status, alcohol consumption, and physical activity 
levels), self-reported health status, and clinical health 
conditions (hypertension, diabetes, CVD, stroke, cancer, and 
osteoarthritis). The moderate-to-vigorous physical activity 
(MVPA) was measured using the questionnaire International 
Physical Activity Questionnaire [17], after which participants 
were divided into two groups based on the guidelines of the 
World Health Organization (WHO) [18,19] recommended 
levels for physical activity (<150 min/week or ≥150 min/week). 
Educational level was classified as “≤middle school”, “high 
school” or “≥college”. Smoking status of participants were 
divided into three groups as “never”, “former” or “current” and 
alcohol consumption as “never”, “≤once/week”, “2–3 times/
week”, or “≥4 times/week”.

improving the quality of life, physical independence, and 
preventing chronic diseases.

Several studies have been attempted the evaluation and 
diagnosis of sarcopenia. Recent studies and working groups 
have suggested diagnosing sarcopenia using the handgrip 
strength as a decreased muscular function. In fact, several 
previous studies investigated that handgrip strength has a 
prospective association with the increased risk of chronic 
diseases, cognitive function and mortality [11-13]. Most 
of previous studies have investigated relationship between 
decrease in muscle mass and chronic health conditions 
of individuals. Moreover, there are only a few studies 
investigating the relationship between muscular function 
and medical use including the risk of hospitalization [14]. 
Especially, the association of handgrip strength and health 
condition such as medical use and the risk of hospitalization 
has not been explored in general Korean population. 
Therefore, in our study, we aimed to investigate the prospective 
associations of decreased handgrip strength and medical use 
and the risk of hospitalization in the general Korean adults 
aged ≥45 years in baseline.

Materials and Methods

Participants 

The present study used the data from the Korean 
Longitudinal Study of Ageing (KLoSA). The KLoSA is an 
ongoing national prospective cohort study of representative 
Korean adults aged ≥45 years. Additional details about the 
study protocol including participants, design and methods 
used in this study has been reported in previous study. This 
study was restricted to participants aged ≥45 years and who 
completed the health-related behaviors and medical health 
conditions (n=10,254). We excluded 818 participants with 
missing data of handgrip strength, 200 participants with 
missing data on body mass index (BMI), and 8 participants 
with missing data on other confounding factors. In total, 9,228 
participants were included for this study. All participants 
provided written informed consent, and the KLoSA study 
was approved by the Institutional Review Board of the Korea 
Employment Information Service.
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Data analysis

All data were analyzed using SAS survey procedures 
(ver. 9.4, SAS Institute, Cary, NC). Participant baseline 
characteristics were described as means±standard deviation 
(SD) for continuous variables and percentages (%) for 
categorical. All handgrip strength  were classified according to 
sex-specific quartiles based on the baseline handgrip strength 
levels and the highest quartile group used as the reference 
group in all analysis. The statistical significance of the 
handgrip strength levels were evaluated using the regression 
models for continuous variables and chi-square tests for 
categorical variables. To examine the prospective effect of 
handgrip strength on outpatient use and hospitalization days, 

we used mixed effect models for repeated measured analysis. 
Furthermore, cox proportional hazard models were used to 
predict the risk of hospitalization from handgrip strength 
levels. To assess the influence of potential confounding 
factors, four models were sequentially developed. Model 1 
was unadjusted; model 2 was adjusted for sex, age, household 
income, and education level; model 3 was additionally 
adjusted for BMI, smoking status, alcohol consumption, 
and physical activity level; model 4 additionally adjusted 
for chronic clinical health status at baseline (hypertension, 
diabetes, cardiovascular disease (CVD), and osteoarthritis 
(OA)). Statistical significance was considered as P-value <0.05.

Table 1. Participants characteristics according to handgrip strength levels

Handgrip strength levels
P-value

Q1 (n=2,273) Q2 (n=2,233) Q3 (n=2,322) Q4 (n=2,400) Overall (n=9,228)

Sex

Male 1,007 (44.3) 1,064 (47.7) 1,028 (44.3) 1,032 (43.0) 4,131 (44.8) 0.0119

Female 1,266 (55.7) 1,169 (52.4) 1,294 (55.7) 1,368 (57.0) 5,097 (55.2)

Age

<65 years   665 (29.3) 1,220 (54.6) 1,764 (76.0) 2,154 (89.8) 5,803 (62.9) <.0001

≥ 65 years 1,608 (70.7) 1,013 (45.4) 558 (24.0) 246 (10.3) 3,425 (37.1)

Household income [n (%)]

Q1 814 (35.8) 594 (26.6) 514 (22.1)   409 (17.0) 2,331 (25.3) <.0001

Q2 799 (35.2) 723 (32.4) 593 (25.5)   550 (22.9) 2,665 (28.9)

Q3 336 (14.8) 459 (20.6) 557 (24.0)   583 (24.3) 1,935 (21.0)

Q4 324 (14.3)  457 (20.5) 658 (28.3)  858 (35.8) 2,297 (24.9)

Education level

≤ Middle school 1,543 (67.9) 1,099 (49.2) 820 (35.3)   585 (24.4) 4,047 (43.9) <.0001

High school 285 (12.5)   381 (17.1) 454 (19.6)  448 (18.7) 1,568 (17.0)

≥ College 445 (19.6)  753 (33.7) 1,048 (45.1) 1,367 (57.0) 3,613 (39.2)

Smoking status

Never smoker 1,592 (70.0) 1,531 (68.6) 1,659 (71.5) 1,735 (72.3) 6,517 (70.6) 0.0002

Former smoker 256 (11.3) 240 (10.8)   194 (8.4)   188 (7.8) 878 (9.5)

Current smoker 425 (18.7)   462 (20.7)   469 (20.2)   477 (19.9) 1,833 (19.9)

Alcohol consumption

None 691 (30.4)   884 (39.6)   988 (42.6) 1,098 (45.8) 3,661 (39.7) <.0001

Once a week 240 (10.6) 157 (7.0) 105 (4.5)    71 (3.0) 573 (6.2)

≥2 times/week 1,342 (59.0) 1,192 (53.4) 1,229 (52.9) 1,231 (51.3) 4,994 (54.1)

Physical activity

< 150 min/week 1,794 (78.9) 1,581 (70.8) 1,578 (68.0) 1,601 (66.7) 6,554 (71.0) <.0001

≥ 150 min/week 479 (21.1) 652 (29.2) 744 (32.0) 799 (33.3) 2,674 (29.0)
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Results

The participant’s general characteristics according to 
handgrip strength was presented in <Table 1>. Overall, 
44.8% (n=4,131) participants were male and 37.1% (n=3,425) 
participants was older population, 19.9% (n=1,833) 
participants were current smoker, and 29.0% (n=2,674) 
participants were physically active population. As shown 
<Table 1>, the frequency of older population, household 
income, education level, smoking status, alcohol consumption, 
and physical activity level were significantly different across 
handgrip strength levels (all P-value <0.05).

<Table 2> shown that the participant’s health status 
in baseline by handgrip strength. The frequency of obese, 
and self-reported and clinical health status (hypertension, 
diabetes, CVD, cancer, liver disease, and osteoarthritis) were 
significantly different across handgrip strength (all P-value 
<0.05).

Cox-proportional hazard models were used to evaluate 
the risk for hospitalization between groups according to 
handgrip strength levels <Table 3>. Significantly higher HR for 

hospitalization was observed in lower handgrip strength (HR: 
1.36, 95% CI:1.24-1.84) compared to higher handgrip strength 
(reference) in the unadjusted model (Model 1). Moreover, 
adjusted model for age, sex, household income, and education 
level, the levels of handgrip strength was associated with the 
risk of hospitalization (Model 2). We also found significant 
association of handgrip strength and risk of hospitalization in 
the additionally adjusted model for body mass index, smoking 
status, alcohol consumption, and physical activity level (Model 
3). When further adjusted self-reported and clinical health 
status at baseline, the significant trends were maintained 
(Model 4). 

<Figure 1> and <Figure 2> shown that the longitudinal 
association of handgrip strength levels and the use of 
hospitalization and outpatient medical care using mixed 
effect modes after full adjusted for covariates. Compared 
with highest level of handgrip strength, the days of outpatient 
care was significantly higher in lower handgrip strength 
group <Figure 1>. Moreover, compared with highest level of 
handgrip strength, the days of hospitalization was significantly 
higher in lower handgrip strength group in <Figure 2>. 

Table 2. Clinical health conditions according to handgrip strength levels

Handgrip strength levels
P-value

Q1 (n=2,273) Q2 (n=2,233) Q3 (n=2,322) Q4 (n=2,400) Overall (n=9,228)

Obese

Non-obese 1,855 (81.6) 1,756 (78.6) 1,767 (76.1)  1,708 (71.2) 7,086 (76.8) <.0001

Obese  418 (18.4)  477 (21.4) 555 (23.9) 692 (28.8) 2,142 (23.2)

Self-reported health status

Excellent  34 (1.5)  68 (3.1) 103 (4.4) 138 (5.8) 343 (3.7) <.0001

Very Good 388 (17.1) 684 (30.6) 1,019 (43.9) 1,281 (53.4) 3,372 (36.5)

Good 739 (32.5) 831 (37.2) 753 (32.4) 700 (29.2) 3,023 (32.8)

Fair 848 (37.3) 542 (24.3) 389 (16.8) 266 (11.1) 2,045 (22.2)

Poor 264 (11.6) 108 (4.8) 58 (2.5)  15 (0.6) 445 (4.8)

Clinical health status

Hypertension 834 (36.7)  653 (29.2)   556 (23.9)  425 (17.7) 2,468 (26.7) <.0001

Diabetes 406 (17.9)   295 (13.2)   219 (9.4)  155 (6.5) 1,075 (11.7) <.0001

CVD 182 (8.0)   118 (5.3) 68 (2.9)    52 (2.2) 420 (4.6) <.0001

Stroke   110 (4.8) 62 (2.8) 40 (1.7) 19 (0.8) 231 (2.5) <.0001

Cancer    72 (3.2)    49 (2.2) 46 (2.0) 34 (1.4) 201 (2.2) <.0001

Liver disease    42 (1.9)    45 (2.0)    32 (1.4)    29 (1.2) 148 (1.6) 0.0945

Osteoarthrosis  570 (25.1)   352 (15.8)  306 (13.2)   203 (8.5) 1,431 (15.5) <.0001



42  |  The Asian Journal of Kinesiology

Asian J Kinesiol 2021; 23(3): 38-45 . DOI: https://doi.org/10.15758/ajk.2021.23.3.38

We also evaluated the time-dependent interaction 
according to handgrip strength level on use of hospitalization 
and outpatient medical care. The significant interaction 
observed by handgrip strength on the change of use of 
hospitalization and outpatient care during 12 years following 
period (group × time, all P for interaction < 0.001, <Figure 1> 
and <Figure 2>). 

Discussion

Our results suggest that decreased handgrip strength levels 
contribute independently to increased risk of hospitalization 
during 12 years follow up in general Korean population.  In 
addition, we found that the increased use of medical care for 

outpatient and hospitalization in the lower handgrip strength 
group than in either of the individual conditions. The risk 
of hospitalization in lower handgrip strength was 1.22 times 
higher compared with the higher handgrip strength group. The 
estimated days of outpatient medical use in lower handgrip 
strength group (mean, 9.26 days/years, 95% CI, 6.97-11.55) 
was 3.7-times greater than the higher handgrips strength 
group (mean, 2.47 days/years; 95% CI, 0.64-4.31). Therefore, 
our findings suggest a decreased handgrip strength was a 
predictor on the increased risk of hospitalization and medical 
use. Moreover, these observations remain consistent when 
after adjusting potential confounding factors. 

Although several previous studies have shown associations 
of physical fitness with hospitalization in older adults [20], this 

Table 3. HR (95% CIs) for hospitalization by category of handgrip strength

Handgrip strength
Model 1 Model 2 Model 3 Model 4

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Q1 (n=1,894) 1.36 (1.24-1.48)*** 1.23 (1.12-1.34)*** 1.26 (1.15-1.38)*** 1.22 (1.11-1.34)***

Q2 (n=1,855) 1.15 (1.05-1.27)*** 1.06 (0.96-1.16) 1.06 (0.96-1.17) 1.05 (0.95-1.16)

Q3 (n=1,908) 1.10 (0.99-1.21) 1.02 (0.92-1.12) 1.04 (0.94-1.14) 1.02 (0.92-1.12)

Q4 (n=1,945) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

P-for trend 0.003 0.015 0.023 0.023

Model 1 unadjusted model; Model 2 adjusted for age, sex, education level, and household income; Model 3 adjusted for Model 2 covariates plus body 
mass index, smoking status, alcohol consumption, and physical activity level; and Model 4 adjusted for Model 3 covariates plus chronic clinical health 
status at baseline (hypertension, diabetes, CVD, and OA). ***P-value < 0.001 vs. reference group.

Figure 2. The use of outpatient care (days/years) according to handgrip 
strength levels.
Values were mean days (SE). Fully adjusted model included age, sex, 
educational level, household income, smoking status, alcohol consumption, 
MVPA, and clinical health status at baseline as a covariate. MVPA, moderate-
to-vigorous physical activity.

Figure 1. The hospitalization (days/years) according to handgrip strength 
levels.
Values were mean days (SE). Fully adjusted model included age, sex, 
educational level, household income, smoking status, alcohol consumption, 
MVPA, and clinical health status at baseline as a covariate. MVPA, moderate-
to-vigorous physical activity. 
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study is the first study to examine the prospective association 
of handgrip strength with the risk of hospitalization and 
medical use in Korean population. Compared with some cross-
sectional studies, we showed comparable beneficial medical 
health results for higher handgrip strength. Furthermore, our 
findings support the emerging cross-sectional population 
studies suggesting that higher handgrip strength is associated 
with lower risk of chronic diseases, when compared to lower 
handgrip strength. 

The muscular strength is known to have a role in various 
metabolic responses. Thus, lower muscular strength could have 
a harmful chronic diseases effect via endocrine and metabolic 
mechanisms [21]. For example, skeletal muscle is responsible 
for 75% of post prandial glucose uptake and contributes to 
glucose homeostasis [22]. Moreover, age related muscle decline 
induces a 2–3% decline in basal metabolic rate (BMR) per 
decade after age 20 years and 4% per decade after age 50 years, 
resulting from concomitant loss of mitochondrial volume 
density and oxidative capacity [23]. In fact, several previous 
studies report that loss of skeletal muscle mass and strength is 
related to metabolic syndrome, which induces risk factors for 
type 2 diabetes and CVD [24]. We previously investigated an 
association of sarcopenia based on  handgrip strength and the 
risk of cognitive impairment using a large population database 
[25], and other studies showed the relationship sarcopenia 
with musculoskeletal disorders such as mobility impairment, 
physical disability, falls, fractures, and osteoporosis [21,26-29]. 

There are several factors that may explain the effect of 
lower handgrip strength on the risk of hospitalization and 
medical use. It is intuitive to suggest that having low muscle 
mass and strength may lead to more functional limitation and 
more metabolic diseases, which may be caused by geriatric 
conditions [30,31]. In fact, loss of skeletal muscle mass have 
been reported to be related with increased geriatric conditions 
i.e. falls, delirium, malnutrition, and disability, that also 
contributes to chronic diseases [31]. 

Strengths and limitations

Our study has several strengths and limitations. We 
measured decreased muscular strength by measuring the 
handgrip strength among middle and older aged of large 

general population. Moreover, we controlled important 
potential confounding factors that might influence muscular 
strength and medical use including demographics, lifestyle, 
and clinical health status. Also, we could infer cause-and-effect 
association between handgrip strength and medical health 
care because of longitudinal study design. 

In contrast, several limitations should be considered. 
We could not evaluate muscle mass. We only evaluated 
handgrip strength as muscular function. Skeletal muscle 
mass as well as muscular function is significant for quality 
of life and prevention of disease in the middle-aged and 
elderly population. The Asian and European Working Group 
on Sarcopenia in Older People recommend the definition 
of sarcopenia to consider both skeletal muscle mass and 
muscular function including handgrip strength. Additional 
studies involving muscle mass may be needed.

Conclusions

Our findings suggest that lower handgrip strength was 
associated with increased the risk of hospitalization and use 
of medical care in Korean population. This study highlights 
the maintaining of muscular strength may play an important 
role in the reduction of risk for hospitalization and medical 
use by preventing chronic diseases. 
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