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Background: Decreased physical performance, such as weakened handgrip strength and cognitive decline, is as-
sociated with disability and premature death in old age. We investigated the association between handgrip strength 
and cognitive impairment in Korean elderly adults with normal cognitive function.
Methods: This prospective study used the database from the Korean Longitudinal Study of Ageing. The partici-
pants included 2,378 adults aged 65 years or older with normal cognitive function (Korean Mini-Mental Status 
Evaluation [K-MMSE] score ≥21). Using a mixed-effects model, we examined the associations at baseline and over 
an 8-year follow-up period between handgrip strength and K-MMSE score. We investigated handgrip strength as a 
predictor of change in cognitive function.
Results: This study included 1,138 women (mean maximum handgrip strength 19.2 kg, mean K-MMSE score 25.1) 
and 1,240 men (mean maximum handgrip strength 30.7 kg, mean MMSE score 26.2). The baseline handgrip 
strength was positively associated with the baseline K-MMSE score (b=0.18, P<0.001). Using a mixed-effects model, 
we found that higher handgrip strength at baseline can predict MMSE scores positively over time (b=0.14, P<0.001) 
and the change of handgrip strength over time was a predictor of high MMSE scores over the study period (b=0.01, 
P<0.01).
Conclusion: We observed significant associations between baseline handgrip strength and baseline and change of 
cognition, as well as the longitudinal influence of handgrip strength on the change of cognitive function in elderly 
Korean adults with normal cognitive function.
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INTRODUCTION

Cognitive function decline is observed in middle-aged and young-el-

derly persons, and is a well-known consequence of the aging pro-

cess.1,2) With respect to cognition, fluid cognition (the ability to learn 

new processes and form new memories) has been shown to decline 

from midlife onwards as a result of normal aging,3,4) whereas cognitive 

decline of functional or clinical significance (including the diagnosis of 

dementia or Alzheimer disease) is generally not detected until much 

later in life.5)

 Cognitive decline in the elderly has been associated with various 

factors, such as older age, lower education, lower income, and chronic 

health conditions including hypertension, stroke, diabetes, and de-

pression.6,7)

 Age-related decline in physical function is also observed even in the 

absence of disease from midlife onwards, as a result of normative age-

related changes in the musculoskeletal system and other body systems 

on which these measures depend.8) Changes in muscle strength may 

represent age-related changes in biological vitality and physical func-

tion. Muscle strength measurements could be a useful part of clinical 

evaluations in the elderly, to identify persons who have the highest risk 

for accelerated decline of functional, psychological, and social health 

in the near future.9)

 Handgrip strength is often used as a marker not only for muscle 

strength but also for biological vitality, because it is sensitive to chang-

es related to age and biological functioning.10) Although there is clear 

evidence of associations between cognition and handgrip strength in 

terms of performance level, the evidence for longitudinal associations 

remains unclear. To understand causality, associations should be 

studied longitudinally.8) To date, only a few longitudinal studies have 

examined the relationship between handgrip strength and cognition, 

especially those in which associations with specific cognitive abilities 

were examined.5,11,12)

 The objective of this study was to investigate the association be-

tween handgrip strength and cognitive ability in elderly Korean adults 

by using the database of the Korean Longitudinal Study of Ageing 

(KLoSA) over 8 years. We hypothesized that baseline handgrip 

strength is associated with baseline cognitive function as measured 

using the Korean Mini-Mental Status Evaluation (K-MMSE); lower 

baseline handgrip strength is associated with a higher risk of cognitive 

decline; and, finally, handgrip strength longitudinally influences the 

change of cognitive function over an 8-year period.

METHODS

1. Data and Study Sample
This study was based on data from the KLoSA, obtained from baseline 

interviews from 2006 to the 5th wave in 2014, conducted by the Korea 

Labor Institute.13) The KLoSA is an ongoing longitudinal panel survey 

of community-dwelling adults aged ≥45 years. The participants of the 

KLoSA were selected using multistage stratified probability sampling 

based on geographical areas. Approximately 10,000 Koreans were in-

terviewed by trained interviewers using computer-assisted personal 

interviewing methods. The KLoSA survey includes questionnaires on 

demographics, family, health, employment, income, assets, and sub-

jective expectations and satisfaction. In 2006, the first KLoSA survey 

was conducted with 10,254 respondents among 6,171 households, 

and the 5th wave in 2014 comprised 7,029 respondents, representing 

72.8% of the original panel.

 This study analyzed the 2006 baseline interview data of 2,378 partic-

ipants aged 65 years or older with normal cognitive function at the 

time of the survey. All participants provided written informed consent, 

and the survey protocol was approved by the Institutional Review 

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

in 2006, 7,399 were excluded because of age (<65 years, n=6,090), cog-

nitive function (K-MMSE score <21, n=1,624), and lack of information 

(n=120). Participants who had missing data for handgrip strength 

(n=148), as well as those with difficulties in daily life caused by cancer, 

cardiovascular disease, and cerebrovascular disease (n=209) were also 

excluded. Finally, 2,378 participants (1,240 men and 1,138 women) 

were analyzed in this study.

 This study was reviewed by the Review Board of Sanbon Medical 

Center of Wonkwang University (IRB approval no., WMCSB 201706-

65).

2. Measurement
The cognitive function of the participants was assessed using the K-

MMSE, which is a widely used tool for the screening of cognitive im-

pairment in older adults. The validity of the K-MMSE instrument has 

been established.14) In this study, age, education level, annual house-

hold income, body mass index (BMI, kg/m2), smoking status, alcohol 

consumption, exercise, history of chronic diseases, and depression di-

agnosis were included as potential covariates. Education level was 

classified as less than elementary school, middle school, and high 

school or above college. Additionally, annual household income was 

classified using gross household income data. BMI was calculated 

from the body weight and height, and participants were classified into 

four groups (lean, normal, overweight, or obese) according to the Ko-

rean Society for the Study of Obesity.15) The exercise group was defined 

as those who exercise regularly at least once a week. Chronic diseases 

were classified as hypertension, diabetes mellitus, chronic lung dis-

ease, chronic liver disease, heart disease, and cerebrovascular disease. 

Alcohol consumption was categorized as current, former, and none. 

Depression was measured using the 10-item short-form Center for 

Epidemiological Studies-Depression (CES-D10) scale, a screening tool 

for assessing depressive conditions. In this study, the Korean edition of 

CES-D10 for measuring depressive symptoms defined by the Ameri-

can Psychiatric Association’s Diagnostic and Statistical Manual 4th 

edition was used.16) CES-D10 has a score range of 0–10, with a score of 

≥4 considered to indicate depression. Activities of daily living (ADL) 

were measured with the 7-item Korean Activities of Daily Living 

Scale.17,18)
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3. Handgrip Strength
Handgrip strength was measured using a handgrip dynamometer 

(TANITA Hand Grip Meter Blue 6103; Tanita Co., Tokyo, Japan). The 

handgrip strengths of the left and right hands were measured twice in 

a sitting or standing position, and the highest maximum value was 

used for the study. As respondents were unlikely to be able to perform 

all four measurements at the same maximum force, only the highest of 

the four measured values was selected and used in the analysis.

4. Statistical Analysis
The baseline characteristics of the study participants were analyzed 

using Student t-test for continuous variables and the chi-square test 

for categorical variables. Values are expressed as means±standard de-

viation or as a percentage. Furthermore, baseline associations be-

tween handgrip strength and the MMSE score were analyzed using 

multiple linear regression.

 The prospective association between handgrip strength and cogni-

tive decline measured using the K-MMSE was analyzed with a mixed-

effects model including estimates for ‘handgrip strength,’ ‘wave,’ and 

‘change of handgrip strength.’ The estimate for ‘handgrip strength’ in-

dicates the baseline association between handgrip strength and the K-

MMSE score. The estimate for ‘wave’ indicates the annual change in 

performance for participants with mean handgrip strength levels. The 

estimate for ‘change of handgrip strength’ indicates the accelerated 

annual decline in handgrip strength from the baseline value.9)

 A mixed-effects model was chosen for the analysis of the KLoSA 

data for several reasons. First, the model best accounted for missing or 

incomplete observations, thus enabling us to use all available informa-

Table 1. Baseline characteristics of study participants (N=2,378)

Characteristic Men (n=1,240) Women (n=1,138) Total (N=2,378) Pvalue*

Age (y) 71.3±5.0 71.0±5.1 71.1±5.0 <0.01
Education <0.001
   Elementary school or less 574 (46.3) 886 (78.0) 1460 (61.5)
   Middle school 197 (15.9) 119 (10.5) 316 (13.3)
   High school 310 (25.0) 107 (9.4) 417 (17.6)
   University or above 158 (12.8) 24 (2.1) 182 (7.7)
Annual household income (10,000 Korean won) 0.70
   <1,000 633 (51.0) 570 (50.1) 1203 (50.6)
   1,000–2,000 221 (17.8) 170 (14.9) 391 (16.4)
   2,000–3,000 134 (10.8) 92 (8.1) 226 (9.5)
   ≥3,000 135 (10.9) 134 (11.8) 269 (11.3)
BMI (kg/m2) 23.4±10.2 23.3±3.6 23.4±7.8 <0.01
BMI category† <0.001
   Lean 65 (5.3) 71 (6.5) 136 (5.9)
   Normal 572 (46.8) 444 (40.5) 1016 (43.8)
   Overweight 356 (29.1) 299 (27.3) 655 (28.3)
   Obese 230 (18.9) 281 (25.6) 511 (22.0)
Smoking status <0.001
   Current 398 (32.1) 36 (3.2) 434 (18.3)
   Former 311 (25.1) 6 (0.5) 317 (13.3)
   None 531 (42.8) 1096 (96.3) 1627 (68.4)
Alcohol consumption <0.001
   Current 198 (16.0) 21 (1.8) 219 (9.2)
   Former 693 (55.9) 140 (12.3) 833 (35.0)
   None 349 (28.1) 977 (85.9) 1326 (55.8)
Exercise 563 (45.4) 399 (35.1) 962 (40.5) <0.001
Chronic disease
   Hypertension 415 (33.5) 488 (42.9) 903 (38.0) <0.001
   Diabetes mellitus 189 (15.2) 171 (15.0) 360 (15.1) 0.88
   Chronic lung ds. 58 (4.7) 26 (2.3) 84 (3.5) 0.002
   Chronic liver ds. 28 (2.3) 15 (1.3) 43 (1.8) 0.09
   Heart ds. 39 (3.1) 40 (3.5) 79 (3.3) 0.62
   Cerebrovascular ds. 14 (1.1) 11 (1.0) 25 (1.1) 0.92
   Depression 87 (7.0) 165 (14.5) 252 (10.6) <0.001
Handgrip strength (kg) 30.7±5.9 19.2±4.1 25.2±7.7 <0.01
KoreanMini Mental Status Evaluation score 26.2±2.4 25.1±2.5 25.7±2.5

Values are presented as mean±standard deviation for continuous variables and number (%) for categorical variables.
BMI, body mass index; ds., disease.
*From Student ttest analysis for continuous variables and from chisquare test for categorical variables. †Category: lean, <18.5 kg/m2; normal, 18.5–22.9 kg/m2; overweight, 
23.0–24.9 kg/m2; obese, ≥25.0 kg/m2.
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tion. Second, it allowed for the modeling of the time-dependent 

changes in our variables as well as the time-dependent changes in the 

magnitude of association between the variables. Finally, because the 

KLoSA data included repeated measures over 8 years, a mixed-effects 

model allowed us more flexibility in modeling the effects of time on 

our outcome.6)

 We also reversed the basic model (direction: handgrip strength to 

cognition) to test the cognition to handgrip strength direction by using 

a mixed-effects model. The values of Akaike Information Criteria and 

Bayesian Information Criteria were used for assessing the model fit, in 

which lower values indicate a better model fit.

 Three mixed-effects model were constructed to test the relationship 

between handgrip strength and cognitive decline. Model 1 was adjust-

ed for age, sex, and education. In model 2, age, sex, education, BMI, 

annual household income, smoking status, alcohol consumption, and 

exercise were adjusted. In model 3, age, sex, education, BMI, annual 

household income, smoking status, alcohol consumption, exercise, 

ADL, and chronic disease were adjusted. The data were analyzed us-

ing the IBM SPSS statistical package ver. 21.0 for Windows (IBM Corp., 

Armonk, NY, USA). Values of P<0.05 were considered statistically sig-

nificant.

RESULTS

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

sented in Table 1. The mean age was 71.3±5.0 years for male partici-

pants and 71.0±5.1 years for female participants (P<0.01). Overall, 

48.0% of men and 52.9% of women were overweight and obese; how-

ever, the mean BMI was significantly higher in men than in women 

(P<0.01). The smoking and drinking rates of men were significantly 

higher than those of women (P<0.001). In history of chronic diseases, 

hypertension (38.0%) and diabetes mellitus (15.1%) were the most 

common medical conditions for both men and women. In this study, 

7.0% of men and 14.5% of women had a history of depression. The 

mean handgrip strength of men was higher than that of women 

(P<0.001). Thus, the mean K-MMSE score of men was also higher than 

that of women (P<0.01).

 The association between handgrip strength and cognitive function 

is shown in Table 2. Comparisons between the two directions, ‘hand-

grip strength to cognition’ and ‘cognition to handgrip strength,’ 

showed that ‘handgrip strength to cognition’ had a better model fit ac-

cording to the criteria. Therefore, we focused on the direction ‘hand-

grip strength to cognition.’

 The baseline cross-sectional associations between handgrip 

strength and the K-MMSE score are shown in Table 3. According to the 

results in fully adjusted model 3, the baseline handgrip strength was 

positively associated with the baseline K-MMSE score (b=0.18, 

P<0.001). The MMSE scores also significantly increased when the edu-

cation levels (b=0.23, P<0.001) were high. In contrast, the MMSE 

scores decreased with a statistically significant difference when the age 

and ADL were high (age: b=-0.12, P<0.001; ADL: b=-0.06, P=0.004).

 The relationship between the baseline handgrip strength and 

changes in handgrip strength and average change in the K-MMSE 

score over an 8-year follow-up period are presented in Table 4. In the 

fully adjusted models, the baseline handgrip strength was a significant 

predictor of the change of the K-MMSE scores (b=0.14, P<0.001). Fur-

thermore, less decline in handgrip strength was significantly associat-

Table 4. Relationship between baseline KMMSE score and changes in KMMSE and average change in handgrip strength over the 8year followup

Variable
Total Men Women

b (SE) Pvalue* b (SE) Pvalue* b (SE) Pvalue*

Wave 0.51 (0.10) <0.001 0.12 (0.16) 0.45 0.68 (0.15) <0.001
Baseline grip strength 0.14 (0.01) <0.001 0.16 (0.02) <0.001 0.17 (0.02) <0.001
Change of grip strength 0.01 (0.003) <0.01 0.001 (0.005) 0.86 0.01 (0.006) 0.05
Intercept 21.62 (1.32) <0.001 20.86 (1.70) <0.001 20.53 (2.19) <0.001

KMMSE, KoreanMini Mental Status Evaluation; b, regression coefficient; SE, standard error.
*Analyzed using linear mixedeffects model adjusted for age, sex, education, body mass index, annual household income, smoking status, alcohol consumption, exercise, 
activities of daily living, and chronic disease.

Table 2. Model fit between handgrip strength and cognition

Models
MiniMental Status Evaluation

AIC* BIC*

Grip strength to cognition 40,449.8† 40,477.4†

Cognition to grip strength 50,810.5† 50,838.2†

AIC, Akaike Information Criteria; BIC, Bayesian Information Criteria.
*AIC and BIC were used for assessing model fit. Lower values indicate better model 
fit. †P<0.001.

Table 3. Baseline crosssectional associations between handgrip strength and 
KoreanMini Mental Status Evaluation score

Variable
Model 1 Model 2 Model 3

b Pvalue* b Pvalue* b Pvalue*

Handgrip strength 0.19 <0.001 0.20 <0.001 0.18 <0.001
Age 0.13 0.06 0.12 <0.001 0.12 <0.001
Sex 0.01 0.99 0.01 0.87 0.01 0.81
Education 0.24 <0.001 0.24 <0.001 0.23 <0.001

Model 1: adjusted for age, sex, and education; model 2: adjusted for age, sex, 
education, BMI, annual household income, smoking status, alcohol consumption, and 
exercise; and model 3: adjusted for age, sex, education, BMI, annual household 
income, smoking status, alcohol consumption, exercise, activities of daily living, and 
chronic disease.
b, regression coefficient, BMI, body mass index.
*Analyzed using multiple linear regression.
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ed with less decline in the K-MMSE score over the study period 

(b=0.01, P<0.01). These associations remained significant for handgrip 

strength: a change of 1 kg in handgrip strength was associated with a 

0.01±0.003 decline in the K-MMSE score. In subgroup analysis, we 

found that higher handgrip strength at baseline can predict the MMSE 

scores positively over time both in men (b=0.16, P<0.001) and women 

(b=0.17, P<0.001). However, the change of handgrip strength over time 

was a predictor of high MMSE scores over the study period only in 

women (b=0.01, P=0.05).

DISCUSSION

From our population-based longitudinal study that monitored hand-

grip strength and cognition over 8 years, we examined the associations 

between cognition and handgrip strength in terms of the level of per-

formance and rate of change in the elderly (age >65 years). We found 

significant associations between baseline handgrip strength and base-

line cognitive function, and between baseline handgrip strength and 

change of cognition. Furthermore, we observed the longitudinal influ-

ence of handgrip strength on the change of cognitive function.

 The results of the present study are consistent with those of previous 

studies showing that reduced muscle strength and sarcopenia are as-

sociated with a risk of cognitive dysfunction.1,2) On the basis of cross-

sectional studies, we observed a strong association between declines 

in cognition and physical function. A previous community-based 3.5-

year follow-up study linked handgrip strength to memory decline in 

the elderly.19) In addition, another study reported that reduced hand-

grip strength was associated with an increased risk of Alzheimer dis-

ease in healthy elderly persons with mild cognitive impairment (i.e., 

cognitive impairment level that does not meet the criteria for demen-

tia).20) A recent study in the Korean elderly also reported that handgrip 

strength was associated with a risk of mild cognitive impairment.1)

 Only a few longitudinal studies have examined the associations be-

tween a simultaneous change in cognition and handgrip strength us-

ing multi-wave measurements.10,11,21) Sternäng et al.10) examined 

change in cognition as a function of age and change in handgrip 

strength by using time-variant covariant models. They found that 

change in handgrip strength preceded change in several cognitive do-

mains, such as verbal ability, spatial ability, processing speed, and 

memory, and that association became more evident after the age of 65 

years. Björk et al.21) showed potential associations between change in 

cognition and change in handgrip strength in relation to impending 

death in a population-based sample aged >80 years at baseline that 

was followed until death (OCTO-Twin Study, Origins of Variance in the 

Old-Old).

 On the other hand, Deary et al.11) investigated the trajectories of the 

changes in the associations between fluid ability and handgrip 

strength. Participants (79 years of age) were followed up longitudinally 

with three waves of data on both handgrip strength and reasoning. 

Cross-sectional relationships between these two variables were found; 

however, no longitudinal relationships were observed.

 There has been one longitudinal study in the Asian population. 

Auyeung et al.22) examined the association between baseline frailty 

measurements and cognitive function 4 years later. They showed that 

physical frailty and weaker handgrip strength both in men and women 

were associated with cognitive decline over a 4-year period. However, 

they measured physical and cognitive function only 2 times rather 

than using multi-wave measurements.22)

 In our study, an association between change of handgrip strength 

and change of MMSE was observed in women but not in men. This 

may be because the decline of cognition measured using the MMSE 

score was relatively smaller in men than in women (-0.12 versus -0.68). 

To evaluate the meaningful association in men, more long-term fol-

low-up observations would be required.

 Although a connection between physical functioning and cognitive 

abilities has been suggested, the etiology of that relationship has yet to 

be fully explained. Three main possibilities have been proposed.10) 

Physical functioning drives age-related changes in cognition;6,22) cogni-

tion drives age-related changes in physical functioning;23,24) or a third 

factor affects both.23,25)

 In comparisons between the two directions ‘handgrip strength to 

cognition’ and ‘cognition to handgrip strength,’ our results showed 

that ‘handgrip strength to cognition’ had a better model fit for cogni-

tive functions measured using the K-MMSE. Our result is in line with 

previous research,1) including some studies that reported that hand-

grip strength predicted cognition.6,22)

 The proposed mechanisms for the relationship between handgrip 

strength and cognition in healthy adults involve brain-aging processes, 

such as the functioning of the central nervous system or changes in 

white matter integrity.23,25) Another common suggestion about the 

causal role of aging is that the aging process operates at various levels, 

from brain circuitry26) and brain pathology27) to loss of molecular fideli-

ty.28)

 Many studies have shown that cognitive decline in the elderly is as-

sociated with various factors, such as older age and lower education 

and income levels, and a high level of muscle strength is associated 

with chronic health conditions including hypertension, stroke, diabe-

tes, and depression.6,7) In this study, cognitive function was significant-

ly increased in participants with high education levels and those with 

a history of diabetes mellitus.

 The present study has some strengths that should be highlighted, 

such as its large community sample size, the prospective design (8-

year follow-up period),6) concurrent cognitive and physical assess-

ments using validated measures, and availability of a number of life-

style and health variables. Thus, the current findings can be general-

ized to the entire Korean population. Second, previous longitudinal 

studies on handgrip strength and cognitive function were limited to 

the Caucasian and Hispanic ethnicities; this is the first multi-wave lon-

gitudinal study in participants of Asian ethnicity.

 However, the study also has a few limitations that need to be ac-

knowledged. First, we used single measures of cognition (K-MMSE) 

and physical function (handgrip strength). According to life span, the 
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domain of cognitive impairment does not develop simultaneously. 

Björk et al.21) showed that cognition and handgrip strength in later life 

differ across specific domains, rather than being indicators of general 

cognitive performance. Thus, future studies should incorporate a wid-

er range of physical and cognitive measures. Second, although we at-

tempted to overcome this problem by using a mixed-effects model, 

missing data might have influenced the results during the follow-up 

period. Third, our data were limited to self-reports of medical condi-

tions and we did not use a biomarker that could explain a common 

mechanism shared by cognitive decline and muscle loss in relation to 

age.

 Nonetheless, to our knowledge, this is the first study to show the 

longitudinal influence of handgrip strength on the change of cognition 

measured using the MMSE score. Future studies with a broader range 

of cognition tasks and other physical functions are needed to better 

describe the developmental associations between cognition and mus-

cle function, and other mediators should be investigated to evaluate 

the common mechanism of the decline of both cognition and physical 

function.
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