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Background: Handgrip strength (HGS) is a good predictor of adverse health outcomes in later life. This prospective 
study aimed to investigate whether HGS trajectory patterns were associated with all-cause mortality among older 
adults in Korea.
Methods: This study used the database of the 2006–2016 Korean Longitudinal Study of Aging. Study participants 
included 3,069 adults aged ≥65 years without a previous history of cancer. The trajectory model was developed to 
identify different homogeneous trajectory patterns of HGS according to study period. Cox proportional hazards 
models were then applied to investigate the association between HGS and all-cause mortality.
Results: The survival probability according to HGS during the follow-up period decreased as base HGS weakened. 
We identified four distinct trajectory groups of HGS among men and three among women. The risk of mortality in-
creased as the HGS of both males and females decreased. Compared with the highest HGS group, the adjusted 
hazard ratios for all-cause mortality of the lowest, lower-mid, and upper-mid HGS groups among males were 3.46 
(95% confidence interval [CI], 2.17–6.69), 2.26 (95% CI, 1.47–3.48), and 1.58 (95% CI, 1.07–2.32). Those of the low 
and mid HGS groups among females were 2.69 (95% CI, 1.39–5.21) and 1.97 (95% CI, 1.05–3.69).
Conclusion: The faster HGS declined over time, the greater the all-cause mortality risk increased compared with 
the slowly decreasing or maintained HGS groups among men and women. HGS measurement among older adults 
will be helpful in assessing their health statuses and pre-assessing disease-associated morbidity.
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INTRODUCTION

The proportion of the older adult population in Korea increased to 

over 7% in 2000, and the country entered the era of an aging society.1) 

The proportion of the older adult population has increased rapidly, 

and by 2026 Korea will have a post-aged community (individuals older 

than 65 years will make up more than 20% of the total population).1) 

Health problems of older adults are becoming significant social prob-

lems, and the burden of medical expenses is also increasing rapidly.2) 

In this regard, it is essential to assess the health statuses of older adults 

accurately and to predict possible risks.

 Several tools have been studied and developed to evaluate physical 

activity and health status among older adults. The assessment of and 

changes in muscle strength are known to be essential indicators of ad-

verse outcomes.3) Handgrip strength (HGS) is a measure of overall 

muscle strength and is known to be associated with mortality and mor-

bidity.4) HGS measurement is an easy, simple, and inexpensive method 

that can be used extensively to stratify the risk of mortality and death 

from aging.5) It is known that the HGS decreases at a certain rate with 

increasing age. Measuring these changes over time is important in pre-

dicting the degree of decrease in the overall function of the body.6,7)

 Recent systematic reviews have shown that baseline HGS is associ-

ated with early mortality, the risk of morbidity, and the incidence of 

complications.8) Previous studies conducted in Korea have focused on 

the relationship between HGS and osteoporosis, fracture, cognitive 

dysfunction, and depression. However, there is little research on the 

correlation between mortality and HGS.9,10)

 Moreover, studies that used the rate of change in grip strength as a 

predictor of mortality have yielded mixed results.4,11,12) A previous study 

used the absolute change in HGS to model longitudinal data in surviv-

al analysis with only two consecutive HGS assessments.13) In the Balti-

more Longitudinal Study of Aging, the rate of change in grip strength 

in men aged <60 years was found to be more important for long-term 

mortality than the initial level, while for men aged ≥60 years, higher 

baseline grip strength but not the slope predicted longer survival over 

a 40-year period.11)

 Therefore, we aimed to investigate the changes in HGS over 10 years 

and its effects on mortality among community-dwelling older adults 

using the database of the Korean Longitudinal Study of Aging (KLoSA). 

To determine the changes in HGS more accurately, a trajectory model 

was developed to identify different homogeneous trajectory patterns 

of HGS according to study period.

METHODS

1. Data and Study Sample
The present study was based on the database of the KLoSA, an ongo-

ing longitudinal panel survey of community-dwelling older adults in 

Korea aged ≥45 years. It was first conducted in 2006 with biennial fol-

low-ups, and six follow-up surveys had been completed by 2016. This 

biennial survey involves multistage, stratified sampling based on geo-

graphic areas. The KLoSA survey includes questionnaires on demo-

graphics, health status, marital status, level of education, and grip 

strength. In the first baseline survey conducted in 2006, 10,254 partici-

pants from 6,171 households were interviewed by trained interviewers 

using the Computer-Assisted Personal Interviewing technique. In the 

follow-up surveys until the sixth, the original panel retention rate 

showed a stable trend at 78%, and the number of valid samples that 

could be analyzed was 6,618. The KLoSA database also includes data 

on deaths. Since 2008, deaths have been reported at intervals of 2 

years; data regarding the date, cause, and place of death and past 

medical history of dead persons are collected.

 Our study analyzed the 2006 baseline interview data of 3,069 partici-

pants aged ≥65 years. All participants provided written informed con-

sent, and the survey protocol was approved by the Institutional Review 

Board of Statistics Korea. Among the 10,254 participants of the KLoSA 

in 2006, 7,185 were excluded due to age (<65 years) and those who had 

been diagnosed with cancer were also excluded. We also excluded 

those who underwent HGS measurements only once during follow-

up. To investigate the association between HGS and all-cause mortali-

ty among these individuals, we finally included 3,069 (1,317 men and 

1,752 women) study subjects at the baseline. During the 10-year fol-

low-up period, 696 subjects died (22.7%), of whom 385 (55.3%) were 

men and 311 (44.7%) were women.

2. Measurements
The education level was classified on the basis of the final education 

level as follows: below elementary school, middle school, high school, 

and college and higher. Marital status was categorized as living with 

and not living with a spouse. The status of not living with a spouse in-

cluded divorce, bereavement, and separation for a variety of reasons, 

such as long-term accommodation and long stays abroad.

 Subjects with chronic illness were assessed for the presence of hy-

pertension, diabetes mellitus (DM), chronic lung disease, chronic liver 

disease, heart disease, and stroke. The subjects were classified accord-

ing to smoking status as non-smokers, former smokers, and current 

smokers. Former smokers were defined as those who did not smoke at 

present but had consumed more than 5 packs of cigarettes in the past. 

Subjects were classified according to alcohol consumption as non-

drinkers, former drinkers, and current drinkers. Subjects who drank 

usually or frequently or recently were classified as “current drinkers.” 

Non-drinkers were classified as “non-drinkers” who did not drink usu-

ally but drank initially, and others as “former drinkers.” According to 

the activity level, we defined an exercise group, comprising those who 

exercised regularly at least once a week, and a non-exercise group. 

Body mass index (BMI) was evaluated by dividing the body weight by 

the square of the height (kg/m2) and the degree of obesity was evaluat-

ed on the basis of BMI. BMI of 30 kg/m2 or higher was classified as se-

vere obesity, 25–29.9 kg/m2 as obesity, 23–24.9 kg/m2 as overweight, 

18.6–22.9 kg/m2 as normal, and ≤18.5 kg/m2 as low weight. The cogni-

tive function of participants was assessed using the Korean version of 

the Mini Mental Status Examination (MMSE), which is widely used to 
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screen for the cognitive impairment of older adults in Korea. Depres-

sion was assessed using the 10-item short-form Center for Epidemio-

logical Studies-Depression scale, a screening tool for evaluating de-

pression. Subjects were classified according to self-rated health. In the 

survey, subjects were asked to check five items (very good, good, nor-

mal, poor, and very bad) about subjective health status, which were 

then classified into three items (good, moderate, and bad). HGS was 

assessed using a handgrip dynamometer (TANITA Hand Grip Meter 

Blue 6103; Tanita Co., Tokyo, Japan). The grip strength of both hands 

was measured twice using a dynamometer, and the average value was 

used. The average values of grip strength were divided into three 

groups among women and four groups among men.

3. Statistical Analysis
We analyzed the baseline characteristics of the participants by sex. The 

baseline characteristics of the study participants were assessed using 

analysis of covariance. The values are expressed as means±standard 

error or as percentages.

 Group-based trajectory modeling had been designed to classify a 

population into distinct subgroups based on the patterns of HGS. We 

used the ‘traj’ command of the Stata procedure to select group-based 

modeling. Using this approach, we could identify relatively homoge-

neous clusters of developmental trajectories within a sample popula-

tion. The model selection procedure with ‘traj’ is an iterative model-

fitting and decision process that requires both statistical and subjective 

determinations. We followed a two-stage model selection process sug-

gested by Nagin,13) whereby the number of trajectory groups was de-

termined in the first stage and the best polynomial trajectory function 

was determined, and the Bayesian information criterion (BIC) value 

was calculated in the second stage. We selected the final best model 

with the lowest absolute BIC value,14) and in making this selection, 

clinical knowledge and group size (e.g., whether a group was reason-

Table 1. Characteristics of male participants according to HGS trajectory

Characteristic Low HGS Lower middle HGS Upper middle HGS High HGS P-value*

No. of participants 136 482 575 124
Age (y) 76.3±0.44 72.8±0.22 70.4±0.20 68.2±0.44 <0.001
Body mass index (kg/m2) 21.4±0.25 22.3±0.12 23.0±0.11 24.0±0.24 <0.001
Chronic disease
   Hypertension 53 (39.0) 165 (34.2) 205 (35.7) 33 (26.6) 0.15
   Diabetes mellitus 22 (16.2) 80 (16.6) 79 (13.7) 13 (10.5) 0.22
   Chronic lung disease 14 (10.3) 20 (4.2) 23 (4.0) 2 (1.6) 0.11
   Chronic liver disease 1 (0.7) 10 (2.1) 11 (1.9) 1 (0.8) 0.80
   Heart disease 10 (7.4) 35 (7.3) 32 (5.6) 6 (4.8) 0.99
   Stroke 15 (11.0) 20 (4.15) 21 (3.7) 3 (2.4) 0.48
Education 0.09
   Elementary school or lower 102 (75.0) 283 (58.7) 264 (45.9) 37 (29.8)
   Middle school 13 (9.6) 74 (15.4) 93 (16.2) 18 (14.5)
   High school 15 (11.0) 81 (16.8) 143 (24.9) 49 (39.5)
   University or higher 6 (4.4) 44 (9.1) 74 (12.9) 20 (16.1)
Marital status 0.84
   Living with spouse 119 (87.5) 435 (90.2) 525 (91.3) 116 (93.5)
   Not living with spouse 17 (12.5) 47 (9.8) 50 (8.7) 8 (6.5)
Self-rated health <0.001
   Good 9 (6.6) 109 (22.6) 218 (37.9) 63 (50.8)
   Moderate 37 (27.2) 197 (40.9) 236 (41.0) 49 (39.5)
   Bad 90 (66.2) 176 (36.5) 121 (21.0) 12 (9.7)
Smoking status 0.19
   Non-smoker 51 (37.5) 205 (42.5) 264 (45.9) 45 (36.3)
   Ex-smoker 42 (30.9) 115 (23.9) 139 (24.2) 35 (28.2)
   Current smoker 43 (31.6) 162 (33.6) 172 (29.9) 44 (35.5)
Alcohol consumption 0.59
   No 81 (59.6) 216 (44.8) 253 (44.0) 47 (37.9)
   Yes 55 (40.4) 266 (55.2) 322 (56.0) 77 (62.1)
Regular exercise 0.21
   Yes 32 (23.5) 189 (39.2) 249 (43.3) 68 (54.8)
   No 104 (76.5) 293 (60.8) 326 (56.7) 56 (45.2)
Depression, CES-D† 3.6±0.24 3.0±0.11 2.9±0.10 2.5±0.23 0.02
Activities of daily living 0.35±0.07 0.16±0.03 0.03±0.03 0.01±0.06 <0.001
Mini Mental Status Examination 23.9±0.40 25.5±0.18 25.9±0.17 26.2±0.37 <0.001

Values are presented as mean±SE for continuous variables and number (%) for categorical variables, unless otherwise stated.
HGS, handgrip strength; CES-D, Center for Epidemiological Studies-Depression.
*From analysis of covariance. †Depression were assessed using the 10-item short-form CES-D.
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ably large [>5%]) were also considered.14)

 We used Cox proportional hazards models to investigate the associ-

ation between trajectory patterns for HGS and all-cause mortality. Cox 

proportional hazards regression models were used to identify the like-

lihood of death according to the degree of HGS. For samples that satis-

fied the inclusion criteria, a complex sample file was constructed by 

applying weights to the sample, and a complex Cox regression analysis 

was performed. Two Cox proportional hazards regression models 

were constructed to evaluate the relationship between trajectory pat-

terns for HGS and mortality. Model 1 was adjusted for age, BMI, hy-

pertension, DM, chronic lung disease, chronic liver disease, stroke, 

and self-rated health. Model 2 was adjusted for the same variables as 

model 1 plus level of education, marital status, smoking, alcohol con-

sumption, regular exercise, activities of daily living, MMSE, and de-

pression. All analyses were performed using Stata/MP ver. 13.1 for 

Windows (Stata Corp., College Station, TX, USA). Analysis items with a 

P-value of <0.05 were considered statistically significant.

RESULTS

The baseline characteristics of the study participants by sex are pre-

sented in Supplementary Table 1. Among the participants, 42.9% were 

men and 57.1% were women. The mean age was 71.6±0.1 years among 

men and 72.3±0.1 years among women (P<0.001). Regarding chronic 

diseases, chronic lung disease and stroke were more frequent among 

men (P<0.001) and hypertension was more frequent among women 

(P<0.001). A higher proportion of women had two or more diseases 

(P<0.001). Regarding self-rated health status, a significantly higher 

proportion of women rated their health as bad (P<0.001). The propor-

tion of participants with elementary school education or below was 

higher among women (86.0%) than among men (52.1%). A signifi-

cantly higher proportion of men than women lived with a spouse, 

Table 2. Characteristics of female participants according to HGS trajectory

Characteristic Low HGS Mid HGS High HGS P-value*

No. of participants 439 1,047 266
Age (y) 74.7±0.25 71.8±0.15 69.8±0.31 <0.001
Body mass index (kg/m2) 22.7±0.16 23.1±0.10 23.7±0.19 <0.001
Chronic disease
   Hypertension 202 (46.0) 446 (42.6) 107 (40.2) 0.89
   Diabetes mellitus 83 (18.9) 168 (16.0) 31 (11.7) 0.08
   Chronic lung disease 11 (2.5) 25 (2.4) 6 (2.3) 0.36
   Chronic liver disease 5 (1.1) 11 (1.1) 1 (0.4) 0.35
   Heart disease 49 (11.2) 83 (7.9) 10 (3.8) 0.02
   Stroke 10 (2.3) 25 (2.4) 4 (1.5) 0.69
Education 0.39
   Elementary school or lower 401 (91.3) 890 (85.0) 214 (80.5)
   Middle school 24 (5.5) 85 (8.1) 20 (7.5)
   High school 13 (3.0) 63 (6.0) 22 (8.3)
   University or higher 1 (0.2) 9 (0.9) 9 (3.4)
Marital status 0.42
   Living with spouse 151 (34.4) 527 (50.3) 158 (59.4)
   Not living with spouse 288 (65.6) 520 (49.7) 108 (40.6)
Self-rated health <0.001
   Good 47 (10.7) 169 (16.1) 66 (24.8)
   Moderate 93 (21.2) 358 (34.2) 112 (42.1)
   Bad 299 (68.1) 520 (49.7) 88 (33.1)
Smoking status 0.69
   Non-smoker 418 (95.2) 1000 (95.5) 255 (95.9)
   Ex-smoker 6 (1.4) 8 (0.8) 3 (1.1)
   Current smoker 15 (3.4) 39 (3.7) 8 (3.0)
Alcohol consumption 0.53
   No 397 (90.4) 910 (86.9) 234 (88.0)
   Yes 42 (9.6) 137 (13.1) 32 (12.0)
Regular exercise 0.28
   Yes 79 (18.0) 298 (28.5) 95 (35.7)
   No 360 (82.0) 749 (71.5) 171 (64.3)
Depression, CES-D† 4.3±0.14 3.8±0.08 3.8±0.17 0.02
Activities of daily living 0.10±0.03 0.10±0.02 0.17±0.04 0.31
Mini Mental Status Examination 20.1±0.27 22.6±0.16 23.0±0.32 <0.001

Values are presented as mean±SE for continuous variables and number (%) for categorical variables, unless otherwise stated.
HGS, handgrip strength; CES-D, Center for Epidemiological Studies-Depression.
*From analysis of covariance. †Depression were assessed using the 10-item short-form CES-D.
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drank and smoked frequently, and exercised regularly.

 According to the degree of HGS, four groups of male subjects (the 

low HGS, lower-mid HGS, upper-mid HGS, and high HGS groups) and 

only three groups of female subjects (the low HGS, mid HGS, and high 

HGS groups) were assessed because division into four groups yielded 

one group that comprised less than 5% of the entire group and had no 

statistical significance among women.

 The characteristics of men by HGS trajectory are shown in Table 1. 

The mean age of the group with higher HGS was lower and the mean 

BMI was higher (P<0.001). The subjective assessment of their health 

status was better (P<0.001) and the mean MMSE score was significant-

ly higher in the high HGS group (P<0.001).

 The characteristics of women by HGS trajectory are shown in Table 2. 

As observed among men, the mean age was lower among women 

with higher HGS and the mean BMI was higher (P<0.001). Self-rated 

health and the MMSE score were better in the higher HGS group.

 The change in HGS among participants during the study period is 

shown in Figure 1. Among participants in the high HGS group, the 

HGS was maintained or increased among women over time, while the 

grip strength of the middle HGS and low HGS groups decreased grad-

ually with time. Both men and women showed a greater decrease in 

the low HGS group.

 Table 3 shows the Cox proportional hazard ratio (HR) of all-cause 

mortality associated with HGS trajectories among men, and the data 

were adjusted for confounding variables (age, BMI, comorbidities, 

self-rated health, education, marital status, smoking, alcohol con-

sumption, regular exercise, MMSE, and depression). The HR of the 

low HGS group was 10.9 (95% confidence interval [CI], 6.74–17.6) and 

the adjusted HR was 3.46 (95% CI, 2.17–6.69) after adjusting for co-

founding variables. Among the various variables analyzed in model 2, 
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Figure 1. Handgrip strength (HGS) trajectories of the participants during the study period for men (A) and for women (B). In the high HGS group among males, HGS was 
maintained during the study period while it decreased gradually in the low HGS group (P<0.001). 

Table 3. Cox proportional hazard ratios of all-cause mortality according to HGS trajectories in men

Variable Crude Model 1 Model 2

Low HGS 10.9 (6.74–17.6) 4.01 (2.34–6.88) 3.46 (2.17–6.69)
Lower mid HGS 4.52 (3.08–6.64) 2.29 (1.51–3.48) 2.26 (1.47–3.48)
Upper mid HGS 2.20 (1.52–3.20) 1.58 (1.07–2.31) 1.58 (1.07–2.32)
High HGS (reference) 1.00 1.00 1.00
Age 1.08 (1.06–1.10) 1.08 (1.06–1.10)
BMI 0.94 (0.90–0.98) 0.95 (0.91–0.99)
HTN 0.97 (0.92–1.03) 0.96 (0.90–1.01)
DM 0.88 (0.82–0.94) 0.87 (0.81–0.94)
Chronic lung disease 0.89 (0.80–0.99) 0.89 (0.80–0.99)
Smoking status 1.54 (1.18–2.00)
Alcohol consumption 1.00 (0.72–1.38)
MMSE 0.99 (0.97–1.02)

Values are presented as hazard ratio (95% confidence interval). Analyzed using Cox proportional hazards regression models. Model 1: adjusted for age, BMI, HTN, DM, chronic 
lung disease, chronic liver disease, heart disease, stroke, and self-rated health; model 2: adjusted for factors in model 1+education, marital status, smoking, alcohol 
consumption, regular exercise, MMSE, and depression.
HGS, handgrip strength; BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; MMSE, Mini Mental Status Examination.
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factors associated with mortality were age, comorbidities (hyperten-

sion, DM, chronic lung disease, chronic liver disease, heart disease, 

and stroke), marital status, and smoking.

 Table 4 shows the Cox proportional HR of all-cause mortality associ-

ated with HGS among women. The crude HR of the low HGS group 

was 6.61 (95% CI, 3.87–11.30) and the adjusted HR was 2.69 (95% CI, 

1.39–5.21) compared with the high HGS group. The analysis of model 

2 showed that age and DM were related to mortality.

 The Kaplan-Meier survival curves presented in Figure 2 showed a 

better overall survival probability in the groups with stronger HGS 

among both women and men.

 We performed a subgroup analysis by selecting only those with an 

above-average HGS at the baseline to further assess the association of 

mortality with changes in HGS trajectory among healthy subjects. 

Both male and female subjects were selected along three trajectory 

patterns of groups, and the HRs of mortality were significantly higher 

in the high trajectory group than the low trajectory group in both sexes 

(males: HR, 2.94; 95% CI, 1.14–7.60; females: HR, 3.80; 95% CI, 1.10–

13.10) (Supplementary Table 2).

DISCUSSION

Using data from a 10-year follow-up study of the nationwide Korean 

community-dwelling population, we demonstrated that the faster 

HGS declined over time, the greater was the risk of all-cause mortality 

compared with the group with slowly decreasing or maintained HGS 

among both men and women, even after adjustments for other risk 

factors. In addition, among those with an above-average HGS at the 

baseline, the risk of mortality also increased in the group with decreas-

ing HGS over time in both men and women.

 Wu et al.7) in 2017 found that HGS was an independent predictor of 

all-cause mortality and cardiovascular diseases in a meta-analysis 

study of the relationship between HGS and all-cause mortality, cardio-

vascular disease, and cancer in community-dwelling populations. 

Park et al.15) in 2019 assessed 13,901 persons from 2008 to 2011 for 

HGS, depression, and all-cause mortality and found that the risk of 
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Figure 2. Kaplan-Meier survival curves stratified by Handgrip strength (HGS) for men (A) and for women (B). Among both men and women, the overall survival probability was 
better in the groups with strong HGS (P<0.001). 

Table 4. Cox proportional hazards ratios of all-cause mortality according to HGS trajectories in women

Variable Crude Model 1 Model 2

Low HGS 6.61 (3.87–11.30) 2.27 (1.25–4.11) 2.69 (1.39–5.21)
Mid HGS 2.68 (1.57–4.56) 1.63 (0.93–2.85) 1.97 (1.05–3.69)
High HGS (reference) 1.00 1.00 1.00
Age 1.13 (1.11–1.15) 1.12 (1.10–1.15)
BMI 0.93 (0.89–0.97) 0.93 (0.89–0.97)
HTN 0.74 (0.57–1.13) 0.77 (0.58–1.02)
DM 1.70 (1.24–2.33) 1.72 (1.24–2.39)
Chronic lung disease 1.08 (0.52–2.24) 1.00 (0.47–2.12)
Smoking status 1.61 (0.92–2.81)
Alcohol consumption 1.55 (0.78–1.50)
MMSE 0.98 (0.96–1.01)

Values are presented as hazard ratio (95% confidence interval). Analyzed using Cox proportional hazards regression models. Model 1: adjusted for age, BMI, HTN, DM, chronic 
lung disease, chronic liver disease, heart disease, stroke, and self-rated health; model 2: adjusted for the factors in model 1+education, marital status, smoking status, alcohol 
consumption, regular exercise, MMSE, and depression.
HGS, handgrip strength; BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; MMSE, mini mental status examination.
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mortality was higher in the lower HGS group at the baseline. However, 

in these prospective studies, HGS was determined on the basis of 

measurements at baseline examination only. Possible changes in HGS 

levels during the follow-up period were not taken into consideration.

 Our study differed in that we used repeated-measures data on HGS 

from a 10-year longitudinal study. Using a trajectory model, we identi-

fied four distinct trajectory patterns for men and three for women old-

er than 65 years. These trajectories showed parallel declines through-

out the study period. HGS decreased significantly as age increased and 

differed among the sexes.

 Subjects in the group that experienced a slow decline in HGS was 

younger, more educated, weighed more, and exercised more regularly 

than those that experienced a fast decline. The former tended to live 

with a spouse and had better self-related health perception, good cog-

nitive function, and less depression than the latter. However, our find-

ings showed that the association of HGS with mortality remained sig-

nificant after adjusting for these confounding factors.

 Through repeated measurement of HGS during the study period, 

we proved the association between HGS and mortality more precisely, 

beyond the limits of measurement error that could be obtained using 

only one measurement. In addition, the present study was conducted 

in a nationwide population, and the patterns of HGS decline among 

older adult Koreans over time could be presented for both men and 

women. This study showed once again the importance of steady 

maintenance of the physical performance represented by HGS in the 

older adult population, which is hard to reveal in studies using one-

time measurements of HGS.

 Although it is well known that grip strength decreases with age,6) 

there have been few studies of the direct or indirect association of 

mortality with changes in grip strength over time. In Japan, Taniguchi 

et al.6) showed a decrease in HGS over time in both male and female 

groups. The high HGS group showed a higher rate of regular exercise, 

suggesting that prevention of muscle strength reduction through regu-

lar exercise is important in the older adult population as well.16,17) This 

finding is consistent with the results of our study. However, we have 

shown through subgroup analysis that the rapid decline in HGS can 

predict future mortality, even among those with above-average HGS at 

the baseline. Even among subjects with well-preserved HGS at the 

baseline, this suggests that the maintenance of physical performance 

is important for the prevention of future mortality.

 In our study, the HGS among women in the higher HGS group in-

creased slightly during the study period. This implies that muscle 

power and physical performance were relatively well preserved in that 

group. On the other hand, this observation might result from sampling 

bias or measurement bias regarding HGS during the study period.

 Although the precise mechanism underlying the correlation be-

tween HGS and mortality is not yet known, several studies have con-

firmed that sarcopenia associated with aging is associated with mor-

tality. Among older adults, it is known that sarcopenia increases the 

risk of cardiovascular disease and is related to the risk of type 2 DM 

and falls.18-20) Sarcopenia reflects weaker whole-body muscle strength, 

which is known to be associated with traditional risk factors for death 

or cardiovascular disease, that is, lower body weight,21) physical inac-

tivity,22) and chronic diseases, such as diabetes and hypertension.23) 

HGS is a very simple but closely related method of measuring the de-

gree of sarcopenia among older adults, which supports the results of 

our study.24)

 In one population study, a positive correlation of HGS with the se-

rum concentration of insulin-like growth factor 1 (IGF-1) was report-

ed.25) IGF-1 is a key regulator of muscle cell proliferation and differenti-

ation and an inhibitor of cell apoptosis and necrosis.26) Decreased IGF-

1 level is related to insulin resistance,27) type 2 diabetes,28) ischemic 

heart disease,29) and mortality.30)

 The present study had several strengths that should be highlighted, 

such as its large community sample size, the prospective design (10-

year period of follow-up), HGS, and physical assessments using vali-

dated measures, and availability of data on several lifestyle and health 

variables. In addition, since the study was carried out only among 

healthy residents in Korea, the current findings can be generalized to 

the Korean population. Moreover, we conducted our analysis after ad-

justing for multiple sociodemographic variables including age, gender, 

education level, comorbidities, obesity, smoking, alcohol consump-

tion, and cognitive status.

 However, the study also had a few limitations that should be ac-

knowledged. First, we were limited to self-reported health conditions 

and did not use biomarkers to describe a common mechanism of 

muscle mass reduction with age. Second, we adjusted for age and oth-

er variables in the analysis; however, age was inversely related with the 

HGS, and may have a greater impact on mortality in the higher HGS 

group. Third, only deaths from all causes were assessed. Further re-

search is needed to investigate the association of HGS trajectory with 

cause-specific mortality, such as cardiovascular and other-cause mor-

talities.

 Nonetheless, to our knowledge, the present study is the first to dem-

onstrate the longitudinal and independent relationship of trajectories 

of HGS with all-cause mortality among older Korean adults, control-

ling for various covariates. In conclusion, this prospective study 

showed that lower HGS over time is a significant risk factor for mortal-

ity among older Korean adults. However, further studies are needed to 

determine the mechanism underlying the correlation between de-

creased HGS trajectory and mortality.
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