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Background: Frailty refers to the loss of physiologic complexity and the associated decline in ability to withstand 
stressors as one gets older. It is defined as unintentional weight loss, exhaustion, weakness, slow walking speed, and 
low physical activity. According to several western studies, frailty is associated with cognitive impairment, but there 
have been few studies about the relationship between frailty and cognitive impairment in Korea. Thus, the purpose 
of this study is to analyze the relationship between cognition and factors related to frailty such as grip strength, 
walking speed, physical activity, and depression, among female patients older than 65 in Korea.
Methods: A total of 121 subjects among the outpatients of the department of family medicine at Kangbuk Samsung 
Hospital who did not meet the exclusion criteria were included in this study. We divided the participants into 2 
groups, according to the Korean version of the Montreal Cognitive Assessment (MoCA) score: 1 group with subjects 
that had normal cognition and the other group with patients that had impaired cognition. A comparison was made 
between the 2 groups in regards to the factors related to frailty, and we completed equation that predicting cogni-
tion from the frailty related factors.
Results: Compared with the impaired cognition group, the subjects in the normal cognition group had higher hand 
strength, and walked faster (P<0.001). There was no statistically significant difference in physical activity between 
the 2 groups (P=0.19). When multiple linear regression analysis was performed using age, grip strength, and walk-
ing speed as the predictor variables and MoCA score as the dependent variable, the regression coefficients were 
calculated to be: -0.2015, 0.2294, 1.2372, and -0.1436, respectively (P<0.05).
Conclusion: In Korean female patients who are older than 65 years of age, cognition tends to decline as grip 
strength decreases, walking speed gets slower, depression becomes more severe, and as age increases.
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INTRODUCTION

Frailty means that the ability of a person to cope with stress is reduced 

and it leads to negative outcomes such as falls, hospitalizations, dis-

ability, and deaths.1) Frailty ultimately results in dependence and dis-

abilities that are associated with the reduced physiological function.1) 

Frailty is an important consideration for the elderly, because it is im-

portant to maintain a life of independence and a guaranteed quality of 

life for them. Although the definition of frailty is not yet clear,2) Fried et 

al.1) proposed 5 objective components of the criteria including: unin-

tentional weight loss, exhaustion, muscle weakness, slowness while 

walking, and low levels of activity. A case was defined as frailty if it cor-

responded with at least 3 of the 5 components of the criteria. Rock-

wood and Mitnitski3) defined frailty as the accumulation of mental and 

physical defects.

	 Cognitive impairment refers to decreased intellectual function, 

which ranges widely from forgetfulness to dementia.4) Mild cognitive 

impairment is mild cognitive decline that is not associated with signifi-

cant functional disability,5) and it increases the probability of suffering 

from dementia.4) In dementia, there is severe cognitive decline accom-

panied by decreased physical function, which ultimately results in the 

affected elderly being completely physically dependent on others.4)

	 Recent studies have identified the association between frailty and 

cognition. In a study by Avila-Funes et al.,6) study participants were di-

vided into 2 groups according to the Fried criteria: the ‘frail’ and ‘ro-

bust’ groups. It was found that the prevalence of cognitive impairment 

is higher in the frail group (22%) compared with the robust group 

(10%). A similar finding was reported by Yassuda et al.,7) where the 

prevalence of cognitive impairment was higher in the frail group (39%) 

compared with the robust group (16%). Samper-Ternent et al.8) investi-

gated a study group that consisted of the elderly who had a mini-men-

tal state examination score >21, and the study participants were divid-

ed into frail and robust groups. When the study participants were fol-

lowed up after 10 years, the degree of cognitive decline was greater in 

patients of the frail group compared with those in the robust group.8) 

Shim et al.9) divided their study population of the elderly into frail and 

robust groups according to the study of osteoporotic fractures (SOF) 

frailty index, and when the patients were followed up after 1 year, the 

risk of cognitive decline was higher for patients in the ‘frail’ group 

compared with those in the ‘robust’ group (odds ratio, 3.57).

	 In this way, Western studies suggest that there is a correlation be-

tween physical frailty and cognition, but there are few studies investi-

gating this relationship in Korea. Because a series of processes that 

lead to frailty as aging is thought to affect the cognitive decline associ-

ated with brain aging, understanding the correlation between physical 

frailty and cognition may provide insights on how to prevent and man-

age frailty and cognitive decline. Therefore, the purpose of this study is 

to analyze the correlation between the factors associated with physical 

frailty and cognition in the Korean female elderly. This study was con-

ducted at our hospital due to the relatively large proportion of female 

patients in our family medicine department.

METHODS

1. Study Population
Female patients aged 65 years or older who visited the department of 

family medicine at Gangbuk Samsung Hospital between 11 January 

2013 and 14 August 2014 were considered for participation in the 

study. Among these patients, those who underwent the assessment of 

physical frailty and cognition were assessed for eligibility (n=153). Pa-

tients were excluded from the study in the following cases: the patients 

did not agree to undergo the study assessments (n=13); the results of 

the assessments were not appropriate (n=15); and the presence of an 

underlying disease such as Parkinson’s disease or stroke that deemed 

the patient unsuitable for the study (n=4). One hundred and twenty-

one subjects were enrolled into the final study participant group. Figure 1 

illustrates the study subject selection process.

2. Demographic Characteristics and Health Status
We investigated the demographics and the clinical characteristics of 

Figure 1. The study subject selection process.

The study subjects (n=153)

125 Eligible subjects for analysis

121 Subjects included in the study and analyzed

28 Exited from the study

-Not obtained patients' consent on the study (n=13)

-The exams not be carried out properly (n=15)

4 Baseline exclusion

-Past medical history of stroke (n=2)

-Past medical history of parkinson disease (n=2)
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the study subjects. The investigation was carried out by using self-as-

sessment questionnaires. The demographic information included age, 

education level, and economic status, while the clinical characteristics 

included falls, unintentional weight loss, morbidity, and the number of 

current ongoing medication. Information about education level was 

also reviewed and categorized into 3 groups: education level lower 

than elementary school, educated to the middle/high school level, 

and university educated. Economic status was assessed by monthly 

household income which was divided into the following categories: 

<100 won, 101–300 won, 301–500 won, >501 won, and unknown. Falls 

was defined as the occurrence of falls more than 2 times during the 

past 6 months. Geriatric depression scale is a self-assessment ques-

tionnaire consisting of 30 questions that are answered with ‘yes’ or 

‘no.’10) The patients are considered to be suffering from mild depres-

sion or depression if the score is >15.11) Weight loss was defined as un-

intentional weight loss of more than 5 kg in the past 6 months. We in-

vestigated chronic diseases such as hypertension, diabetes mellitus, 

osteoarthritis, osteoporosis, stroke, coronary artery disease, heart fail-

ure, arrhythmia, cancer, chronic obstructive pulmonary disease, de-

mentia, and Parkinson’s disease.

3. The Assessment of Physical Frailty
There are a number of indicators of physical frailty.12) Among these, 

well-established indicators are walking speed,13,14) physical activity,15,16) 

weight loss,17,18) hand grip strength,19,20) and sense of balance.21) The 

Cardiovascular Health Study frailty index developed by Fried et al.1) 

encompasses the following factors: weight loss, exhaustion, muscle 

weakness, slowness while walking, and low levels of activity. Another 

frailty index developed by Rockwood et al.22,23) takes into account: cog-

nition, emotional state, motivation, communication, motor ability, in-

continence, the activities of daily living, nutrition, social support, and 

morbidity. There is a frailty index developed for the Korean people 

which encompasses 8 factors including: overall health status, medica-

tions, nutritional status (body weight), emotional state (depression), 

incontinence, walking ability, and communication.24) Consulting these 

references, we adopted 3 factors related to physical frailty out of the 5 

factors specified in the Fried frailty criteria. The 3 chosen factors were 

walking speed, hand grip strength (to assess muscle weakness), and 

physical activity, because they can be measured objectively by asses-

sors. We excluded the weight loss and exhaustion factors as the result 

for the former relied on patients’ memory, while the latter is subjective.

	 Muscle strength was evaluated through right hand grip strength by 

using Lavisen electronic hand grip dynamometer KS 301 (Lavisen Co. 

Ltd., Namyangju, Korea). Assessors instructed subjects to grip the dy-

namometer by positioning the medial phalange of the third finger per-

pendicular to the handle, spreading both arms straight toward the 

floor whilst keeping both arms away from the body, and then grabbing 

the handle with maximum force. The unit of hand grip strength was 

kilograms. Walking speed was evaluated by assessors inside the outpa-

tients’ exam room. Subjects were instructed to walk a straight distance 

of 4 meters at usual walking speed along a green straight line on the 

floor. Walking speed was recorded using a stop watch. Using the short 

physical performance battery (SPPB) protocol, points were awarded in 

the following manner: 4 points if the time taken was <4.82 seconds, 3 

points if time taken was >4.82 seconds but <6.20 seconds, 2 points if 

the time taken was >6.21 seconds but <8.70 seconds, and 1 point if the 

time taken >8.70 seconds. To evaluate physical activity, the subjects re-

sponded to the question of “How many times do you exercise or are 

doing physical activity with moderate intensity per week?”, by selecting 

their answer from 5 categories that ranged from ‘none’ to ‘almost every 

day.’

4. Assessment of Cognition
Cognition was evaluated by using the Korean version of the Montreal 

Cognitive Assessment (MoCA-K). MoCA-K is a tool developed to 

screen mild cognitive impairment.25) It consists of a short-term memo-

ry test (5 points), space-time configuration function tests including a 

clock drawing test (3 points) and a 3-dimensional block drawing test (1 

point), a trail-making test-B (1 point) to test for task performance, a 

language proficiency test (1 point), a 2-item verbal abstraction task (2 

points), a concentration test (1 point), a number subtraction test (3 

points), forward and backward digit span (2 points), and a time and 

space orientation test (6 points), animal naming test (3 points), repeat-

ing after complex sentences test (2 points). The total possible score is 

30 points. The cutoff score was 22 for screening mild cognitive impair-

ment or dementia.26)

5. Statistical Analysis
We divided study subjects into 2 groups according to MoCA-K score, 1 

group with normal cognition and the other with impaired cognition. 

The 2 groups were then compared in regards to their demographics 

and the proportion of patients with factors related to frailty, including: 

right hand grip strength, walking speed, physical activity, and depres-

sion. Analysis was performed by using Fisher’s exact test and Pearson’s 

chi-square test. Multivariate linear regression analysis was performed, 

using age, hand grip strength, walking speed, and geriatric depression 

scale score as predictive variables, and MoCA-K score as the depen-

dent variable. These analyses were performed to demonstrate how 

MoCA-K scores vary depending on the values measured for each fac-

tor related to frailty. Statistical analysis was performed by using PASW 

SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA), and statistical significance 

was defined by P<0.05.

RESULTS

The study subjects’ demographic and clinical characteristics are pre-

sented in Table 1. The age of the impaired cognitive group was older, 

and education level was lower, than the normal cognitive group 

(P=0.004, P<0.001). The impaired cognitive group had more experiences 

of falls than the normal cognitive group (P=0.048). However, there was 

no significant difference between the two group regarding weight loss, 

body mass index (BMI), smoking history, family monthly income, the 
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number of chronic diseases, and the number of medication taken by 

the study participants.

	 Table 2 presents the differences between the 2 groups in regards to 

factors related to frailty, including: hand grip strength, walking speed, 

physical activity, and the prevalence of depression. The normal cogni-

tive group had higher hand grip strength and faster walking speeds 

than the impaired cognitive group (P<0.001). There was no significant 

difference between the 2 groups in regards to physical activity (P=0.19). 

The prevalence of depression, as evaluated by the geriatric depression 

scale, was higher in the impaired cognitive group than the normal cog-

nitive group (77% vs. 46.7%, P=0.001).

	 Table 3 presents the results of the multivariate linear regression 

analysis where age, hand grip strength, walking speed, SPPB protocol 

score, and geriatric depression scale score were used as predictive 

variables, and MoCA-K score was used as the dependent variable. The 

regression coefficients of age, geriatric depression scale score, hand 

grip strength, and walking speed were -0.2015, -0.1436, 0.2294, and 

1.2372, respectively. Thus, the degree of cognitive function can be cal-

Table 1. Baseline characteristics of the study subjects according to cognitive 
function (n=121)

Characteristic

Cognitive function by Montreal 
Cognitive Assessment-Korean version P-value*

Normal (n=60) Low (n=61)

Age (y) 0.004
    65–69 26 (43.3) 13 (21.3)
    70–74 20 (33.3) 15 (24.6)
    75–80 11 (33.3) 22 (36.1)
    ≥81 3 (5.0) 11 (18.0)
Body mass index† 0.84
    ≤18.4 2 (3.3) 2 (3.3)
    18.5–23 10 (16.7) 14 (23.0)
    23.1–24.9 37 (61.7) 33 (54.1)
    ≥25.0 11 (18.3) 12 (19.7)
Education level <0.001
    None/elementary 19 (31.6) 37 (60.6)
    Middle/high 34 (56.7) 23 (37.7)
    University 7 (11.7) 1 (1.6)
Family monthly income (won) 0.26
    ≤1,000,000 15 (25.0) 13 (21.3)
    1,010,000–3,000,000 16 (26.7) 10 (16.4)
    3,010,000–5,000,000 7 (11.7) 6 (9.8)
    ≥5,010,000 6 (10.0) 4 (6.6)
    Not mentioned 16 (26.7) 28 (45.9)
No. of chronic disease‡ 0.83
    0 9 (15.0) 6 (9.8)
    1 16 (26.7) 19 (31.1)
    2 16 (26.7) 15 (24.6)
    3 12 (20.0) 11 (18.0)
    ≥4 7 (11.7) 10 (16.4)
No. of current medication§ 0.87
    0 5 (8.3) 7 (11.5)
    1 25 (41.7) 20 (32.8)
    2 15 (25.0) 18 (29.5)
    3 11 (18.3) 12 (19.7)
    ≥4 4 (6.7) 4 (6.6)
Smoking 1.00
    Current 2 (3.3) 2 (3.3)
    Past 1 (1.7) 2 (3.3)
    Never 57 (95.0) 57 (93.4)
Weight lossΙΙ 0.11
    Yes 5 (8.3) 11 (18.0)
    No 55 (91.7) 50 (82.0)
Falls in previous 6 months 0.04
    Yes 18 (30.0) 29 (47.5)
    No 42 (70.0) 32 (52.5)

Values are presented as number (%), unless otherwise indicated.
*From Pearson chi-square test or Fisher’s exact test. †Calculated as weight in 
kilograms divided by height in meters. ‡Hypertension, diabetes mellitus, osteoarthritis, 
osteoporosis, coronary artery disease, heart failure, arrhythmia, chronic obstructive 
pulmonary disease, cancer, Alzheimer disease, thyroid disease. §Antihypertensives, 
diabetes mellitus medications, tranquilizers, antidepressants, dementia medications, 
analgesics, antihistamines, vasodilators, vasoconstrictors, bisphosphonates, selective 
estrogen receptor modulators, opioids, herb medications. ΙΙDefined as at least 5 kg 
loss in previous 6 months.

Table 2. Factors related to frailty of the study subjects according to cognitive 
function (MoCA-K)

Variable
MoCA-K ≥23  

(n=60)
MoCA-K ≤22  

(n=61)
P-value*

Right grip strength (kg) <0.001
    ≤14.5 8 (13.3) 33 (54.1)
    14.6–18.7 24 (40.0) 16 (26.2)
    ≥18.8 28 (46.7) 12 (19.7)
Walking speed† (4 m) <0.001
    >8.70 s 2 (3.3) 10 (16.4)
    6.21–8.70 s 4 (6.7) 18 (29.5)
    4.82–6.20 s 19 (31.7) 17 (27.9)
    <4.82 s 35 (58.3) 16 (26.2)
Physical activity‡ (no./wk) 0.19
    None 24 (40.0) 32 (52.5)
    <1/wk 6 (10.0) 5 (8.2)
    1–3/wk 17 (28.3) 7 (11.5)
    4–5/wk 4 (6.7) 5 (8.2)
    >5/wk 9 (15.0) 12 (19.7)
Depression according to  
  geriatric depression scale

0.001

    ≥16 28 (46.7) 47 (77.0)
    ≤15 32 (53.3) 14 (23.0)

Values are presented as number (%), unless otherwise indicated.
MoCA-K, Montreal Cognitive Assessment-Korean version.
*From Pearson chi-square test or Fisher’s exact test. †Estimated by short physical 
performance battery protocol. ‡Defined as exercising until one gets sweaty.

Table 3. Multivariate linear regression to assess how MoCA-K scores vary with the 
level of the factors related to frailty

Predictors Regression coefficient (MoCA-K) P-value*

Constant 30.707 <0.001
Age (y) -0.2015 0.005
Geriatric depression scale -0.1436 0.01
Right grip strength (kg) 0.2294 0.003
Walking speed† (4 m) 1.2372 0.007

MoCA-K, Montreal Cognitive Assessment-Korean version.
*From Pearson chi-square test. †Walking velocity was put in by points estimated by 
short physical performance battery protocol.
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culated by using the equation below, which was made by using multi-

variate linear regression.

	 Cognitive function (in females aged ≥65 years)=30.707-0.2015×age-

0.1436×(geriatric depression scale score)+0.2294×(right grip 

strength)+1.2372×(walking speed)

	 If the MoCA-K score which is being used as the dependent variable 

is below 22, the subject is suspected to suffer from cognitive impair-

ment.

DISCUSSION

The results of our study shows that cognition tends to decline in Kore-

an female subjects older than 65 years. As their age increases, hand 

grip strength becomes weaker, walking speed gets slower, and depres-

sive moods are more severe. These results are similar to those reported 

in previous studies. Auyeung et al.27) reported that physical frailty is as-

sociated with cognitive impairment in older subjects after 4-year fol-

low-up. In that study, the factors related to physical frailty (body 

weight, hand grip strength, and the speed to rise from a chair) were 

significantly associated with cognition in males (P<0.01), while for fe-

males, hand grip strength was correlated with cognition (P<0.05).27) 

Lojko et al.28) reported that highly active senile people had better work-

ing memory, time-space cognition, and attention comparing to groups 

of medium and low physical activity (P<0.05). In comparison to the re-

sults reported from these studies, our results show that weakening of 

hand grip strength and slower walking speed were associated with 

cognitive decline, while physical activity was not related to cognition. 

In Korea, Shim et al.9) divided senile subjects into frail and robust 

groups according to the SOF frailty index, and when subjects were fol-

lowed up after 1 year, it was found that the degree of the cognitive de-

cline was larger in the frailty group compared with the robust group. 

Their study used the SOF frailty index which is based on the following 

3 factors related to frailty: unintentional weight loss, the inability to rise 

from a chair 5 times without using the arms, and reduced energy level. 

In contrast to this study, we evaluated physical frailty on the basis of 

the Fried frailty index, and focused on examining whether each factor 

related to frailty correlates with cognition.

	 There are various mechanisms that explain the link between physi-

cal frailty and cognition. First, neuropathological mechanisms of Al-

zheimer’s disease such as neurofibrillary tangles and amyloid plaque 

lead to cognitive impairment and also affect physical frailty. Buchman 

et al.29) found that physical frailty worsens with increasing severity of 

Alzheimer’s disease pathology. In the analysis of the correlation be-

tween factors related to physical frailty and Alzheimer’s disease pa-

thology, weakened hand grip strength, decreased BMI, and slower 

walking speed were related to the severity of Alzheimer’s disease pa-

thology. The second mechanism is that depression mediates the rela-

tionship between physical frailty and cognition. Mezuk et al.30) found a 

positive correlation between frailty and depression. Moreover, results 

from the meta-analysis conducted by Lee et al.31) showed that depres-

sive patients had decreased function in psychomotor activity, visual 

learning, memory, and execution compared to healthy people. Like 

the aforementioned studies, the results of our study shows that depres-

sion was more prevalent in the impaired cognitive group, and cogni-

tive function declines with higher geriatric depression scale scores. 

Based on the results of these studies, we can presume that depression 

mediates the correlation between frailty and cognition. The third 

mechanism is inflammatory reactions. Stress reactions increase pro-

inflammatory cytokines32) and diseases that induce the inflammatory 

reaction increases levels of interleukin-1 and tumor necrosis factor. 

The ageing process increases interleukin-6, and these cytokines pro-

mote catabolic reactions which decreases lean body mass and muscle, 

leading to frailty.33,34) In addition, peripheral pro-inflammatory cyto-

kines increase levels of central pro-inflammatory cytokines that gener-

ate neurotoxicity, leading to cognitive impairment.35-37) Hence, we can 

presume that inflammatory reactions induce physical frailty and cog-

nitive impairment by reducing muscle and increasing levels of central 

cytokines, respectively. Fourth, there is a nutritional mechanism to ex-

plain the relationship between physical frailty and cognition. If senile 

people do not have adequate intake of nutrition, this results in de-

creases in fat and muscle levels, leading to physical frailty.1) Nourhash-

emi et al.38) showed that in elderly women, a group of subjects with 

sarcopenia had an increased risk of cognitive impairment compared 

with a group that had normal muscle mass, and a group with lower fat 

composition had increased risk of cognitive impairment compared 

with a group that had higher fat composition. Thus, if one’s body fat 

and muscles decreases owing to deficiency in nutritional intake, it can 

increase the risk of physical frailty and cognitive impairment.

	 The results of our study show that out of the factors related to frailty, 

age, hand grip strength, walking speed, and depression are associated 

with cognition. These results can be explained by the aforementioned 

mechanisms, where neuropathology that damages cognitive function 

induces physical frailty, depression and inflammatory reactions medi-

ate the association with frailty, and nutritional deficiency cause de-

crease in fat and muscle levels which lead to frailty and cognitive im-

pairment.

	 One of the limitations of this study is that we cannot demonstrate 

causality in the association between physical frailty and cognition be-

cause it is a cross-sectional study. However, on the basis of results from 

previous studies that showed physical frailty affects cognition, we sug-

gest that physical frailty and depression can be risk factors for cogni-

tion. Another limitation of the study is the relatively small study popu-

lation, and only female patients were included as study subjects. How-

ever, by restricting the study population to females, we can specifically 

collect results for the target population of this study. A third limitation 

is that the study population consisted of relatively healthy outpatients 

who could independently complete physical activity and the physical 

performance exam. However, the purpose of our study is to under-

stand the relationship between physical frailty and impaired cognition 

in order to find out the new methods preventing these 2 conditions. 
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Hence, it will not significantly affect the results of our study. Finally, by 

adopting only 3 factors (walking speed, hand grip strength, and physi-

cal activity) out of the 5 factors specified by the Fried frailty criteria, this 

is also a limitation.

	 The significance of our study is that it demonstrates the correlation 

between each factor related to frailty and cognition, for the first time in 

Korea. 

	 Weakened hand grip strength and slowness while walking were 

among the factors related to physical frailty that were associated with 

cognition. To find conclusive evidence to support these results, future 

studies need to compare the degree of physical frailty to the degree of 

cognitive decline after follow-up of the subjects in a longitudinal study.
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