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Abstract

Hand grip strength (HGS) is a means to assess health status and physical abilities indirectly.

Various factors are known to be related to HGS, but data on the factors influencing HGS in

the Korean population are lacking. Recently, the Korea National Health and Nutrition Exami-

nation Survey (KNHANES) conducted by the Korea Centers for Disease Control and Pre-

vention surveyed social status, nutrition, physical status, and other medical history including

HGS. This study aimed to investigate the social, physical, and individual health behavior fac-

tors associated with low HGS in the elderly Korean population. This population-based

cross-sectional study was based on the 2014–2016 KNHANES. Community-dwelling

Korean elderly (aged�65 years) were included in this survey. The relationship between

HGS and socioeconomic status, nutrition, exercise, and other clinical characteristics were

analyzed using multivariate logistic regression. The sample size was 3,634 (weighted:

6,006,406). Elderly men and women with low HGS showed lower body mass index, reduced

physical activity and lower education level. Among elderly men, excessive carbohydrate

and inadequate protein intake were observed in the low HGS group. Meanwhile, older

women who did not drink alcohol and had diabetes were at higher risk of low HGS. In conclu-

sion, various physical, nutritional, socioeconomic and comorbidity statuses were seemed to

be the factors associated with HGS in Korean elderly. However, further cohort or case-con-

trol study will be necessary to determine the causal relationship of those factors and HGS.

Introduction

Sarcopenia, the age-related loss of skeletal muscle mass and function, is associated with poor

quality of life, disability and mortality [1–3]. Because South Korea is one of the fastest aging

countries in the world, the prevalence of sarcopenia is also rapidly increasing [4]. Recently, sar-

copenia has become one of the most serious public health issues in Korea. Accordingly, there

has been increased interest and related research on sarcopenia [5].

The prevention and treatment of sarcopenia begins with the identification of individuals at

risk of the condition. The diagnosis of sarcopenia is based on the assessment of muscle mass,

muscle strength, and physical performance. Recently, the European Working Group on
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Sarcopenia in Older People and the Asian Working Group of Sarcopenia suggested cut-off val-

ues for evaluation of muscle mass, muscle strength, and physical performance [6, 7]. Among

the measures of muscle strength, handgrip strength (HGS) is widely used because it can be eas-

ily measured in the clinical setting [8]. Previous studies have revealed that low HGS is associ-

ated with falls, disability, impaired health-related quality of life, and increased mortality [9–

11]. Also, various factors related to HGS have been identified. Although old age, low body

mass index (BMI), and less physical activity was highly related to lower HGS, the relationship

between HGS and other factors such as marital status, level of education, health related behav-

iors and comorbidities showed inconsistent results [12–14].

However, there is still a lack of studies on HGS in the elderly Korean population. Quan

et al. previously examined the relationship between HGS and physical ability, socioeconomic

status, health behaviors, and comorbidities [15]. However, there were limitations that only

male subjects were included and the number of subjects was small. Recently, large scale data of

HGS were provided for the Korean population by the Korea National Health and Nutrition

Examination Survey (KNHANES). Based on these data, normative reference values of HGS of

Koreans have been recently established, and cut-off values for low HGS were established (28.9

kg for men and 16.8 kg for women) [16]. In addition to HGS, The KNHANES also provided

the information on physical, socioeconomic, nutritional, health behavior, and comorbidity sta-

tus of the elderly population, and it is now possible to identify the association of HGS and rele-

vant factors in Korean elderly. Therefore, in the present study, we aimed to investigate the

factors related to low HGS in the Korean elderly population using KHNANES data from

2014–2016. Based on the results of this study, we hope that it will serve as a guide for further

interventional studies about HGS and also help to orient policy to improve Korean elderly

with sarcopenia.

Materials and methods

Data source and study participants

This study used data from the KNHANES conducted by the Korea Centers for Disease Control

and Prevention from 2014–2016. KNHANES is an annually conducted nationwide, popula-

tion-based health survey, and its target population is non-institutionalised civilians in the

Republic of Korea. The sample frame was determined based on the population and housing

census, and the representative households were selected using a stratified multistage clustered

probability sampling design. Annually 192 enumeration districts were selected each year, and

20 households in each enumeration district were chosen by a rolling sampling system to repre-

sent all parts of the nation. The 2014–2016 KNHANES assessed the health and nutritional sta-

tuses of 23,080 Koreans. Among these, 3,634 individuals (1,692 men and 1,942 women) who

were aged 65 years or older and completed both a health interview and examination including

measurement of HGS were identified as study participants. Because the KNHANES is a

weighted survey, 3,634 participants represented a total of 6,006,406 participants.

The KNHANES is composed of three component surveys: a health interview, a health

examination, and a nutrition survey. Trained medical staff and interviewers performed the

health interviews and examinations. Health behaviors such as cigarette smoking, alcohol use,

and physical activity were collected via self-report. Information about medical conditions, edu-

cation, and income were identified via face-to-face interviews. Health examinations consisted

of anthropometric measures such as height, weight, blood pressure, and biochemical profile

using fasting blood serum and urine.

Each participant provided informed consent prior to inclusion in the study. KNHANES in

2014 was approved by the Korea Centers for Disease Control and Prevention institutional
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review board (2013-1212EXP-03-5C, 2015-01-02-6C). However, in accordance with the

Korean bioethics law, institutional review board approval for KNHANES in 2015–2016 was

waived because it was conducted by the Korean government for public welfare.

Measurement of hand grip strength

The 2014–2016 KNHANES measured HGS among participants aged�10 years. HGS was not

measured for participants with no hands, arms, or thumbs; hand paralysis; cast in hands or fin-

gers; bandaged hands or wrist/hands; wrist surgery in the recent 3 months; and pain, tingling,

or stiffness in the hands or wrist within the preceding week.

HGS was measured using a digital grip strength dynamometer (TKK 5401 GRIP D; Takei,

Japan), which measures 5.0–100.0 kg of force and has an adjustable grip span. Participants per-

formed three trials for each hand alternatively, always starting with the dominant hand. Partic-

ipants were instructed to squeeze the grip continuously with full force for at least 3 seconds.

The average of three trials for each hand was recorded. The average of three trials for each

hand was recorded. Low HGS was defined according to a previous study [16]. The cut-off

value was<28.9 kg for men and <16.8 kg for women.

Description of variables

Lifestyle and physical activity. Drinking, smoking, and physical activity statuses were

assessed via self-report [16]. Participants who performed aerobic exercise were identified as

those who spent >150 minutes on moderate physical activity or 75 minutes on high-intensity

physical activity per week. Participants who performed strengthening exercise were identified

as those who performed strengthening exercise >once weekly.

Nutritional status. The nutrition survey in KNHANES addresses dietary behaviors, food

frequency, and food intake and is conducted through a face-to-face interview. The food intake

questionnaire was designed as an open-ended survey for reporting various dishes and foods

consumed using the 24-hour recall method. The amounts of total energy and other macronu-

trient intake were calculated by referencing the nutrient contents of foods described in the

Korean Food Composition Table [17, 18].

To evaluate inadequate or excessive intake of nutrients according to age and sex, we used

the dietary reference intakes for Koreans 2015 [19]. Nutrient intakes were compared to the

estimated average requirements for total energy intake (1600 kcal/day for women, 2000 kcal/

day for men) and protein (40 g/day for women, 45 g/day for men). For carbohydrate and fat

intake, the acceptable macronutrient distribution range (ADMR) was used. Excessive carbohy-

drate intake was defined as> 65% of the ADMR, and excess fat intake was defined as> 30%

of the ADMR.

Socioeconomic status. Monthly household income and education were considered as the

main indicators of socioeconomic status. Regarding education, the participants were asked

about their highest degree of educational attainment. This was classified into three educational

categories: completion of elementary school (�6 years), middle (7–9 years) and high school

(10–12 years), and post-secondary school (�13 years). Household income was calculated

based on equivalent income (i.e., total household income divided by the square root of the

number of household members) and classified into quartiles.

Anthropometric and comorbidities. BMI was calculated by dividing the weight in kilo-

grams by the square of the height in meters. We identified chronic diseases such as hyperten-

sion, diabetes, stroke, ischemic heart disease, and chronic obstructive pulmonary disease

(COPD). Hypertension was defined as one of the following: systolic blood pressure�140

mmHg and/or diastolic blood pressure�90 mmHg; receiving antihypertensive treatment; or
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an answer of “yes” to the question, “Have you ever been diagnosed with hypertension by a phy-

sician?”. Diabetes was defined as one of the following: fasting glucose�126 mg/dL; use of oral

hypoglycemic agents or insulin therapy; or an answer of “yes” to the question, “Have you ever

been diagnosed with diabetes by a physician?”. Arthritis, ischemic heart disease, and COPD

were defined as an answer of “yes” to the question, Participants who had dental problems were

also identified based on the question “Do you have any difficulty in chewing food due to dental

problems such as teeth, dentures, and gums?”

Statistical analysis

The characteristics of the study participants were presented as means (standard error) or per-

centages (standard error) as appropriate. Multivariate logistic regression was used to examine

the odds of low HGS for each related factor with adjustment for age (Model 1). Next, we per-

formed an additional analysis by adjusting the variables that were statistically significant in

Model 1 (Model 2). All data were analyzed separately for men and women. The analysis

reflects a complex survey sample design, which includes stratification, clustering, and weight-

ing. All analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA), and

p<0.05 was considered significant.

Results

The mean age of the male and female participants was 72.4 and 73.0 years, respectively. The

mean BMI was 23.6 kg/m2 for men and 24.4 kg/m2 for women. The mean HGS was 31.6 kg for

men and 19.0 kg for women, and 32.0% of men and 33.2% of women had low HGS. The

detailed participant characteristics are shown in Table 1.

Compared with the participants in the normal HGS group, both male and female partici-

pants with low HGS were older and had lower BMI (Table 2). Moreover, both sexes in the low

HGS group drank less and performed less aerobic and strengthening exercise. Also, inadequate

nutritional intake was observed more frequently in the low HGS group than in the normal

HGS group except excessive fat intake. However, the number of participants with low socio-

economic status was higher in the low HGS group. Dental problems were more frequent in the

low HGS group in both sexes, and diabetes was more prevalent in the low HGS group in

women.

We also investigated the factors associated with low HGS after adjusting for age (Model 1).

Next, we performed an additional analysis by adjusting the variables that were statistically sig-

nificant in Model 1 (Model 2). The analysis was conducted separately for men and women.

The results for men were as follows (Table 3). The BMI of the low HGS group was lower than

that of the normal HGS group. Elderly men who performed appropriate exercise were less

likely to have low HGS (odds ratio [OR], 0.67; 95% confidence interval [CI], 0.51–0.89 for aer-

obic exercise and OR, 0.72; 95% CI, 0.52–0.99 for strengthening exercise). Men with low HGS

consumed excessive carbohydrate (OR, 1.57; 95% CI, 1.18–2.11) and inadequate protein (OR:

1.50; 95% CI, 1.05–2.15) than those with low HGS. In the low HGS group, the number of

elderly men with�13 years of education was lower than that of those who had been educated

for�6 years (OR, 0.62; 95% CI, 0.39–0.98).

For elderly women, the results of multivariate analysis were as follows (Table 4). The BMI

of the low HGS group was also lower than that of the normal HGS group. Elderly women who

drank alcohol were more likely to have normal HGS than non-drinking women (OR, 0.61;

95% CI, 0.45–0.82). Older women who performed appropriate exercise were less likely to have

low HGS (OR, 0.60; 95% CI, 0.43–0.83 for aerobic exercise and OR, 0.39; 95% CI, 0.22–0.68

for strengthening exercise). There was no difference in nutritional status between the normal
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HGS and low HGS groups. Among the socioeconomic indicators, only educational level was

also significantly different among the women. Older women who had been educated for 7–9

years and 10–12 years had lower risk of low HGS than those who had been educated for�6

years (OR, 0.57; 95% CI, 0.34–0.94 for 7–9 years and OR, 0.32; 95% CI, 0.17–0.61 for 10–12

years). There were more elderly women with diabetes in the low HGS group than in the nor-

mal HGS group (OR, 1.53; 95% CI, 1.09–2.15).

Table 1. Characteristics of participants (n = 3,634, N = 6.0x106).

Male

(n = 1,692, N = 2.9x106)

Female

(n = 1,942, N = 3.1x106)

Age (years) 72.4 (0.1) 73.0 (0.1)

Body mass index (kg/m2) 23.6 (0.1) 24.4 (0.1)

Hand grasp strength, Dominant hand (kg) 31.6 (0.2) 19.0 (0.1)

Low Hand grasp power (%) 32.0 (1.4) 33.2 (1.3)

Alcohol drinking (%)

No 9.9 (0.8) 39.5 (1.2)

Yes 90.1 (0.8) 60.5 (1.2)

Smoking status (%)

Never smoker 20.0 (1.1) 92.9 (0.7)

Ex-smoker 60.3 (1.4) 3.9 (0.5)

Current smoker 19.8 (1.2) 3.2 (0.6)

Exercise (%)

Aerobic exercise 45.4 (1.5) 30.2 (1.3)

Strengthening 29.0 (1.3) 9.5 (0.8)

Nutritional status (%)

Inadequate protein intake 29.6 (1.3) 46.9 (1.2)

Inadequate energy intake 59.8 (1.4) 67.2 (1.1)

Excessive carbohydrate intake 69.8 (1.2) 81.8 (1.0)

Excessive fat intake 2.4 (0.4) 3.1 (0.4)

House income quartile (%)

1 (lowest) 41.5 (1.5) 52.0 (1.4)

2 28.2 (1.2) 24.0 (1.0)

3 17.5 (1.1) 14.4 (0.9)

4 (highest) 12.7 (1.1) 9.5 (0.9)

Education level (%)

� 6 years 41.7 (1.5) 75.5 (1.2)

7–9 years 17.0 (1.1) 10.3 (0.8)

10–12 years 25.0 (1.3) 10.1 (0.9)

� 13 years 16.2 (1.2) 4.2 (0.6)

Comorbidity (%)

Hypertension 58.4 (1.4) 66.6 (1.2)

Diabetes 24.5 (1.2) 23.7 (1.2)

Arthritis 13.9 (0.9) 44.5 (1.2)

Ischemic heart disease 9.1 (0.8) 7.0 (0.7)

COPD 2.3 (0.5) 0.8 (0.2)

Dental problem (%) 42.2 (1.4) 46.2 (1.2)

Values are reported as mean (standard error) or % (standard error).

COPD, chronic obstructive pulmonary disease

https://doi.org/10.1371/journal.pone.0214612.t001
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Discussion

In this study, we analyzed the factors associated with HGS by comparing the low and normal

HGS groups among men and women aged� 65 years. Alcohol drinking, exercise, dietary pat-

tern, education level, diabetes, and BMI as well as age were the factors related to low HGS in

the multivariate analysis.

Table 2. Differences between normal and low hand grip strength.

Men Women

Normal HGS

(n = 1,118, N = 2.0x106)

Low HGS

(n = 574, N = 0.9x106)

p value Normal HGS

(n = 1,296, N = 2.1x106)

Low HGS

(n = 646, N = 1.0x106)

p value

Age (years) 71.1 (0.2) 75.1 (0.2) <0.001 71.6 (0.2) 75.2 (0.2) <0.001

Body mass index (kg/m2) 24.0 (0.1) 22.9 (0.1) <0.001 24.6 (0.1) 24.0 (0.2) 0.003

Hand grasp strength, Dominant hand (kg) 35.5 (0.2) 23.5 (0.2) <0.001 21.8 (0.1) 13.2 (0.1) <0.001

Alcohol drinking (%) <0.001 <0.001

No 7.8 (0.8) 13.8 (1.7) 33.5 (1.7) 51.3 (2.3)

Yes 92.2 (0.8) 86.2 (1.7) 66.5 (1.7) 48.7 (2.3)

Smoking status (%) 0.823 0.021

Never smoker 20.1 (1.4) 21.1 (2.1) 94.8 (0.7) 90.8 (1.5)

Ex-smoker 60.2 (1.8) 60.5 (2.6) 3.2 (0.6) 5.5 (1.0)

Current smoker 19.7 (1.5) 18.4 (1.9) 2.1 (0.5) 3.7 (1.2)

Exercise (%)

Aerobic exercise 50.4 (1.8) 34.6 (2.6) <0.001 33.6 (1.7) 20.4 (2.1) <0.001

Strengthening 34.4 (1.8) 18.6 (1.9) <0.001 12.6 (1.1) 4.2 (0.9) <0.001

Nutritional status (%)

Inadequate protein intake 23.1 (1.5) 41.2 (2.4) <0.001 41.5 (1.6) 55.7 (2.3) <0.001

Inadequate energy intake 54.7 (1.8) 68.7 (2.3) <0.001 62.4 (1.6) 74.0 (2.0) <0.001

Excessive carbohydrate intake 65.5 (1.6) 78.8 (1.8) <0.001 79.7 (1.4) 82.8 (1.8) 0.171

Excessive fat intake 3.1 (0.6) 1.2 (0.4) 0.021 3.5 (0.6) 2.5 (0.7) 0.304

House income quartile (%) <0.001 <0.001

1 (lowest) 34.6 (1.7) 53.5 (2.6) 46.9 (1.8) 59.6 (2.3)

2 31.3 (1.6) 23.2 (2.0) 26.5 (1.4) 20.4 (1.7)

3 19.6 (1.4) 14.0 (1.7) 15.6 (1.2) 12.2 (1.7)

4 (highest) 14.5 (1.4) 9.3 (1.6) 11.0 (1.3) 7.8 (1.2)

Education level (%) <0.001 <0.001

� 6 years 35.4 (1.8) 56.3 (2.6) 68.7 (1.7) 86.9 (1.7)

7–9 years 18.1 (1.4) 14.4 (1.8) 12.6 (1.2) 6.8 (1.1)

10–12 years 28.3 (1.7) 16.9 (1.8) 12.9 (1.2) 3.9 (1.1)

� 13 years 18.3 (1.5) 12.5 (2.0) 5.8 (0.9) 2.4 (0.8)

Comorbidity (%)

Hypertension 59.3 (1.8) 56.3 (2.3) 0.297 65.1 (1.6) 69.1 (2.4) 0.191

Diabetes 23.1 (1.5) 24.9 (2.2) 0.526 21.2 (1.5) 30.2 (2.7) 0.002

Arthritis 11.8 (1.2) 16.3 (1.6) 0.018 42.4 (1.7) 41.4 (2.4) 0.770

Ischemic heart disease 8.4 (1.0) 9.3 (1.4) 0.618 6.3 (0.8) 7.5 (1.3) 0.369

COPD 2.2 (0.5) 1.8 (0.7) 0.598 0.6 (0.2) 1.2 (0.5) 0.189

Dental problem (%) 36.6 (1.8) 48.4 (2.5) <0.001 41.4 (1.6) 48.2 (2.6) 0.029

Values are reported as mean (standard error) or % (standard error).

COPD, chronic obstructive pulmonary disease

https://doi.org/10.1371/journal.pone.0214612.t002
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First, we investigated the relationship between HGS and health behaviors such as alcohol

drinking and smoking. In this study, alcohol drinking was inversely related to low HGS in

both sexes after adjusting for age (Model 1), and among women, drinking alcohol was still

inversely associated with low HGS after adjusting for variables that were statistically significant

in Model 1 (Model 2). Although excessive drinking was known to be associated with sarcope-

nia in Korean postmenopausal women [20], light to moderate alcohol drinking has also been

reported to be effective in preventing muscle mass reduction [21]. Similar to our findings, in

the large cohort study conducted in Europe, it was also reported that current alcohol drinking

Table 3. Multivariate analysis of factors associated with hand grip strength in men.

Model 1 Model 2

Odds Ratio 95% CI p value Odds Ratio 95% CI p value

Age 1.16 1.13–1.20 <0.001

Body mass index 0.91 0.87–0.95 <0.001 0.92 0.88–0.96 <0.001

Alcohol drinking 0.66 0.45–0.96 0.032 0.75 0.49–1.14 0.181

Smoking status 0.893

Current smoker 1

Ex-smoker 1.09 0.77–1.54

Never smoker 1.05 0.71–1.55

Exercise

Aerobic exercise 0.64 0.79–0.84 0.001 0.67 0.51–0.89 0.006

Strengthening exercise 0.58 0.43–0.78 <0.001 0.72 0.52–0.99 0.044

Nutritional status

Inadequate protein intake 1.89 1.45–2.47 <0.001 1.50 1.05–2.15 0.027

Inadequate energy intake 1.41 1.09–1.83 0.009 1.17 0.85–1.60 0.342

Excessive carbohydrate intake 1.78 1.38–2.28 <0.001 1.57 1.18–2.11 0.002

Excessive fat intake 0.45 0.19–1.10 0.079

House income quartile, % 0.051

1 (lowest) 1

2 0.69 0.51–0.94

3 0.67 0.46–0.98

4 (highest) 0.67 0.41–1.09

Educational level <0.001 0.001

� 6 years 1 1

7–9 years 0.60 0.42–0.86 0.63 0.43–0.92

10–12 years 0.39 0.28–0.54 0.50 0.35–0.71

� 13 years 0.45 0.29–0.69 0.62 0.39–0.98

Comorbidity

Hypertension 0.81 0.63–1.04 0.094

Diabetes 1.24 0.90–1.71 0.190

Arthritis 1.36 0.94–1.97 0.104

Ischemic heart disease 0.93 0.60–1.43 0.725

COPD 0.74 0.31–1.80 0.510

Dental problem 1.47 1.13–1.90 0.004 1.16 0.88–1.53 0.289

CI, confidence interval; COPD, chronic obstructive pulmonary disease

Model 1 was adjusted for age.

Model 2 was adjusted for age, body mass index, alcohol drinking, dental problem, aerobic and strengthening exercise, inadequate energy, protein and excess

carbohydrate intake, and educational level.

https://doi.org/10.1371/journal.pone.0214612.t003
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was associated with an increase in HGS.[18] Although further additional research in needed,

those results might suggest the possible positive effects of alcohol drinking on HGS. However,

in case of smoking, there was no significant difference between the low HGS and normal HGS

groups in the multivariate analysis in both sexes. Smoking is known to have a negative effect

on HGS [22]. However, several studies about factors related to HGS showed various results

[12, 18, 23]. A previous Korean study based on data from the early 2000s also showed no corre-

lation between smoking and HGS [15]. Recently, the rate of smoking has declined due to the

effects of the nationwide smoking cessation program and increasing cigarette price, which

started from 2015 in Korea [24]. The proportion of Korean smokers aged 60 years and older

Table 4. Multivariate analysis of factors associated with hand grip strength in women.

Model 1 Model 2

Odds Ratio 95% CI p value Odds Ratio 95% CI p value

Age 1.10 1.06–1.13 <0.001

Body mass index 0.96 0.92–0.99 0.014 0.93 0.89–0.97 0.001

Alcohol drinking 0.58 0.45–0.73 <0.001 0.61 0.45–0.82 0.001

Smoking status 0.274

Current smoker 1

Ex-smoker 0.90 0.38–2.10

Never smoker 0.65 0.32–1.31

Exercise

Aerobic exercise 0.63 0.47–0.84 0.002 0.60 0.43–0.83 0.002

Strengthening exercise 0.35 0.21–0.57 <0.001 0.39 0.22–0.68 0.001

Nutritional status

Inadequate protein intake 1.34 1.06–1.69 0.015 1.00 0.68–1.48 0.998

Inadequate energy intake 1.34 1.04–1.71 0.021 1.20 0.82–1.77 0.353

Excessive carbohydrate intake 1.06 0.78–1.45 0.695

Excessive fat intake 0.80 0.39–1.64 0.547

House income quartile, % 0.315

1 (lowest) 1

2 0.81 0.61–1.08

3 0.80 0.54–1.20

4 (highest) 0.77 0.52–1.15

Educational level <0.001 0.001

� 6 years 1 1

7–9 years 0.59 0.38–0.93 0.57 0.34–0.94

10–12 years 0.32 0.17–0.58 0.32 0.17–0.61

� 13 years 0.44 0.19–0.99 0.56 0.23–1.36

Comorbidity

Hypertension 0.93 0.69–1.24 0.600

Diabetes 1.43 1.06–1.92 0.020 1.53 1.09–2.15 0.013

Arthritis 0.96 0.74–1.24 0.753

Ischemic heart disease 0.99 0.64–1.53 0.949

COPD 2.00 0.68–5.87 0.205

Dental problem 1.15 0.89–1.48 0.296

CI, confidence interval; COPD, chronic obstructive pulmonary disease

Model 1 was adjusted for age.

Model 2 was adjusted for age, body mass index, alcohol drinking, aerobic and strengthening exercise, inadequate energy, protein intake, diabetes, and educational level.

https://doi.org/10.1371/journal.pone.0214612.t004
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reduced from 25.5% in 2000 to 14.4% in 2017 [25]. It is possible that this decrease in smoking

rate has reduced the influence of smoking on HGS. However, long-term studies might be

needed to confirm that smoking affects health.

Low participation rates in aerobic and strengthening exercise were significantly associated

with low HGS in both genders. Exercise has been emphasized as a key strategy for sarcopenia

treatment, along with nutritional supplementation [26, 27], and our findings support the

importance of exercise for the elderly in Korea. Although there was a difference in the exercise

participation rates between the low and normal HGS groups, an interesting observation was

that the participation rate was low in both the low and normal HGS groups. The proportion of

older Koreans with adequate exercise was<50%; particularly, the participation rate in aerobic

and strengthening exercise was only 30% and 10%, respectively, in women. A study by Coups

and Ostroff showed that the incidence of active physical activity in patients aged�65 years

with or without cancer was approximately 20% [28]. In another previous British study, only

approximately 50% of participants were physically active in their leisure time [29]. Therefore,

rather than emphasizing the need for exercise only in the low HGS group, it is more important

to educate the entire elderly Korean population. Due to the cross-sectional nature of this

study, it is not possible to explain the causal relationship between exercise and HGS; thus, fur-

ther studies are needed. In Japan, several studies on community-based exercise programs have

been conducted, including the aging population [27], and high adherence to exercise interven-

tion was observed [30, 31]. It could be helpful to develop appropriate community-based exer-

cise programs for the elderly in Korea. In particular, strengthening exercise was highly

correlated with HGS among elderly women; thus, it is important to emphasize strengthening

exercise in elderly women as well as aerobic exercise.

Aside from exercise, nutrition is also an important factor for sarcopenia management [26].

Dietary protein has been considered as a potential determinant of muscle function, as aging is

often associated with a reduction in food intake [32]. Additionally, the associations of muscle

mass and physical performance with essential amino acids, milk protein, leucine, β-hydroxy β-

methylbutyrate, and vitamin D intake have been reported [33, 34]. In this study, the low HGS

group among men showed inadequate protein intake as well as excessive carbohydrate intake.

In elderly women, although there was no statistically significant difference in protein intake

between the low HGS and normal HGS groups, the proportion of inadequate protein intake of

both HGS groups was considerably high. Especially, the proportion of inadequate protein

intake in women with normal HGS group was as high as that of men with low HGS. These

results suggested that the current quality of nutrition of the Korean elderly population seemed

to be poor. Through subsequent intervention studies, it will be urgently necessary to provide

education and policy on proper nutrition in the elderly population [35].

Additionally, this study also found that lower education levels were associated with high

ORs for low HGS among both older Korean men and women. Previous Korean studies in

older individuals showed similar results [15]. However, the findings of studies in other coun-

tries were contrasting. A European study found no significant association between HGS and

educational level [23], while studies in Brazil found associations between HGS and certain fac-

tors [12]. This difference is presumed to be due to differences in the classification criteria or

socioeconomic environments between the studies. Although the impact of education on HGS

is unclear, the subjects with higher educational level seemed to be more conscious of the

importance of physical activity in maintaining health [20]. In contrast, people with lower edu-

cational level showed lower physical activity [24]. Also family activity habits and dietary habits

differed according to educational level [22]. Therefore, it is possible that the physical activity

or dietary pattern according to the education level may eventually be related to HGS. Besides,

higher education attainment may increase access to knowledge on health, practice of more
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healthy behaviors, employment opportunities, and income, all of which affect health [15, 35],

and may also affect HGS and muscle strength [12]. In Korea, the participants had limited

opportunity for higher education during their younger years. Particularly, the opportunity is

relatively much lower for women than that for men [36, 37], and approximately 70% of older

women received�6 years of education [15, 36]. However, in the future the relationship

between HGS and education is expected to be gradually less affected like Europe because of

compulsory education and higher college entrance rates in Korea. Meanwhile, appropriate

education and information on sarcopenia, such as optimal nutrition and exercise, should be

provided to the current elderly with lower education level.

Previously, Quan et al. reported significant differences in income between the low and high

HGS groups in Korea [15], and they postulated that low income can limit overall health and

functional status among older individuals. By contrast, income was not a significant factor

affecting HGS in our multivariate analysis. This difference is considered a selection bias result-

ing from the difference in the number of subjects. In our large-population survey, the low-

income population was larger than that in the previous study. Additionally, previous study

conducted in Europe reported that income has a small impact on HGS [38]. Income is gener-

ally related to early and mid-life wealth [23], and may not fully represent financial resources

available at old age, particularly after retirement. For example, older individuals frequently

have substantial wealth but little income, primarily from pensions [39]. However, unlike

income, wealth is associated with health in older individuals [23]. Thus, it is necessary to have

a more comprehensive approach to assess wealth rather than income. In the future, a worsen-

ing of this imbalance may become a serious problem in Korea as the older population rapidly

grows, and the number of the poor older individuals is expected to increase gradually [40].

Therefore, along with the establishment of socioeconomic policies that can reduce the propor-

tion of poor older individuals, welfare policies for health care, nutrition, and information pro-

vision for the poor older population are also necessary.

We also conducted an analysis of association between HGS and several comorbidities,

including the dental problem. However, only diabetes in women was significantly associated

with low HGS. Previous studies on the association between diabetes and HGS have not yet

been clarified. Some studies reported relevance [41, 42], while others reported a lack of rele-

vance [38, 43, 44]. Previous studies on the relationship between the other chronic diseases and

HGS have also yielded varied conclusions [38, 41, 44]. A previous study of elderly male Kore-

ans did not show any association between HGS and chronic diseases such as hypertension, dia-

betes, and dyslipidemia [15]. Because this study briefly analyzed the prevalence of the disease,

it did not clearly explain the relationship between chronic disease and HGS. More studies are

needed to further investigate the duration, severity, and medications of each chronic disease.

For the dental problem, chewing ability was known to be associated with sarcopenia [45],

and the prevalence of sarcopenia in older outpatients visiting the dental clinic was relatively

high [46]. However, in this study, presence of the dental problem was not significantly associ-

ated with HGS in multivariate analysis. Although the difference between groups was not signif-

icant, dental problems were common in about 50% of subjects in this study. It is well known

that older individuals with tooth loss lose their masticatory function, thus interfering with reg-

ular eating and limiting the intake of difficult to chew foods such as vegetables, fruits, and

meat [47]. Therefore, as with other risk factors, dental problems also seem to be needed for the

elderly as a whole.

Finally, while analyzing the research and interpreting the meaning, we found that each fac-

tor was not independently associated with HGS, but there was a close interrelation among

those factors. For example, lower education levels impaired access to and understanding of sar-

copenia-related information about nutrition, dental health, and exercise. Education level was
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also associated with low-paying jobs or low wealth. Low wealth also led to insufficient nutrition

and lack of time for exercise. Dental problems were also associated with nutrition and educa-

tion level. Therefore, efforts aimed at correction should be made organically and holistically to

improve sarcopenia [26, 48, 49].

This study has some limitations. First, we cannot explain the causal relationship since this

study was cross-sectional in nature. Based on this study, a future prospective cohort study will

enable us clearly understand the causal relationship between the factors and HGS. In addition,

the factors related to HGS in this study will become clearer if interventional studies are con-

ducted. Second, low HGS alone does not fully represent sarcopenia. Muscle mass and physical

performance should also be considered, but those data were not collected in the current sur-

vey. However, HGS is also a well-known predictor of health status, muscular strength, nutri-

tional status, and disability [26, 50]. Thus, although data on muscle mass and physical

performance are lacking, our study collected adequate data to evaluate sarcopenia. Third, the

HGS values may vary according to the equipment and method used for its assessment [8].

However, the cut-off value for HGS was assessed using the same equipment and method in the

KNHANES and previous studies. Thus, the bias according to the evaluation method is consid-

ered to be small.

Conclusions

In conclusion, we were able to identify that various factors were associated with low HGS. This

study showed that low participation rate in aerobic and strengthening exercise and low educa-

tional level were associated with low HGS in the elderly Korean population. In addition, inade-

quate protein intake and excessive carbohydrate intake were associated with low HGS in men

and alcohol drinking and diabetes were associated with low HGS in women. Further research

is needed to determine if HGS improves when these relevant factors are corrected. However,

implementation of relevant policies should not be limited to the low HGS group, but should

consider appropriate education programs and social support for exercise and nutrition for the

entire elderly population.

Author Contributions

Conceptualization: Chung Reen Kim, Young-Jee Jeon.

Formal analysis: Young-Jee Jeon.

Investigation: Chung Reen Kim, Young-Jee Jeon.

Methodology: Chung Reen Kim, Young-Jee Jeon.

Writing – original draft: Chung Reen Kim, Young-Jee Jeon.

Writing – review & editing: Chung Reen Kim, Young-Jee Jeon, Taeheum Jeong.

References
1. Tanimoto Y, Watanabe M, Sun W, Sugiura Y, Tsuda Y, Kimura M, et al. Association between sarcope-

nia and higher-level functional capacity in daily living in community-dwelling elderly subjects in Japan.

Archives of gerontology and geriatrics. 2012; 55(2):e9–13. https://doi.org/10.1016/j.archger.2012.06.

015 PMID: 22795189.

2. Janssen I, Baumgartner RN, Ross R, Rosenberg IH, Roubenoff R. Skeletal muscle cutpoints associ-

ated with elevated physical disability risk in older men and women. American journal of epidemiology.

2004; 159(4):413–21. PMID: 14769646.

3. Cesari M, Pahor M, Lauretani F, Zamboni V, Bandinelli S, Bernabei R, et al. Skeletal muscle and mortal-

ity results from the InCHIANTI Study. The journals of gerontology Series A, Biological sciences and

Factors of muscle strength in older Koreans

PLOS ONE | https://doi.org/10.1371/journal.pone.0214612 March 28, 2019 11 / 14

https://doi.org/10.1016/j.archger.2012.06.015
https://doi.org/10.1016/j.archger.2012.06.015
http://www.ncbi.nlm.nih.gov/pubmed/22795189
http://www.ncbi.nlm.nih.gov/pubmed/14769646
https://doi.org/10.1371/journal.pone.0214612


medical sciences. 2009; 64(3):377–84. https://doi.org/10.1093/gerona/gln031 PMID: 19181709;

PubMed Central PMCID: PMC2655006.

4. Shafiee G, Keshtkar A, Soltani A, Ahadi Z, Larijani B, Heshmat R. Prevalence of sarcopenia in the

world: a systematic review and meta- analysis of general population studies. Journal of diabetes and

metabolic disorders. 2017; 16:21. https://doi.org/10.1186/s40200-017-0302-x PMID: 28523252;

PubMed Central PMCID: PMC5434551.

5. United Nations Economic and Social Affairs Population Division. World Population Ageing [Internet].

2015; 2015.

6. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sarcopenia: European

consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia in Older

People. Age and ageing. 2010; 39(4):412–23. https://doi.org/10.1093/ageing/afq034 PMID: 20392703;

PubMed Central PMCID: PMC2886201.

7. Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah KS, et al. Sarcopenia in Asia: consen-

sus report of the Asian Working Group for Sarcopenia. Journal of the American Medical Directors Asso-

ciation. 2014; 15(2):95–101. https://doi.org/10.1016/j.jamda.2013.11.025 PMID: 24461239.

8. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, et al. A review of the measurement

of grip strength in clinical and epidemiological studies: towards a standardised approach. Age and age-

ing. 2011; 40(4):423–9. https://doi.org/10.1093/ageing/afr051 PMID: 21624928

9. Cooper R, Kuh D, Hardy R. Objectively measured physical capability levels and mortality: systematic

review and meta-analysis. BMJ (Clinical research ed). 2010; 341:c4467. Epub 2010/09/11. https://doi.

org/10.1136/bmj.c4467 PMID: 20829298; PubMed Central PMCID: PMCPMC2938886.

10. Sayer AA, Syddall HE, Martin HJ, Dennison EM, Anderson FH, Cooper C. Falls, sarcopenia, and growth

in early life: findings from the Hertfordshire cohort study. American journal of epidemiology. 2006; 164

(7):665–71. Epub 2006/08/15. https://doi.org/10.1093/aje/kwj255 PMID: 16905644; PubMed Central

PMCID: PMCPMC2062502.

11. Nofuji Y, Shinkai S, Taniguchi Y, Amano H, Nishi M, Murayama H, et al. Associations of Walking

Speed, Grip Strength, and Standing Balance With Total and Cause-Specific Mortality in a General Pop-

ulation of Japanese Elders. Journal of the American Medical Directors Association. 2016; 17(2):184.

e1–7. Epub 2016/01/01. https://doi.org/10.1016/j.jamda.2015.11.003 PMID: 26717805.

12. Lenardt MH, Carneiro NHK, Betioll SE, Binott MA, Ribeir DKMNo, Teixeira FFR. Factors associated

with decreased hand grip strength in the elderly. Esc Anna Nery. 2016; 20(4):e20160082.

13. Lenardt MH, Grden CR, Sousa JA, Reche PM, Betiolli SE, Ribeiro DK. [Factors associated with loss of

handgrip strength in long-lived elderly]. Revista da Escola de Enfermagem da U S P. 2014; 48(6):1006–

12. https://doi.org/10.1590/S0080-623420140000700007 PMID: 25626499.

14. de Lima TR, Silva DAS, de Castro JAC, Christofaro DGD. Handgrip strength and associated sociode-

mographic and lifestyle factors: A systematic review of the adult population. Journal of bodywork and

movement therapies. 2017; 21(2):401–13. https://doi.org/10.1016/j.jbmt.2016.08.017 PMID:

28532885.

15. Quan S, Jeong JY, Kim DH. The Relationship between Smoking, Socioeconomic Status and Grip

Strength among Community-dwelling Elderly Men in Korea: Hallym Aging Study. Epidemiol Health.

2013; 35:e2013001. https://doi.org/10.4178/epih/e2013001 PMID: 23440903; PubMed Central PMCID:

PMC3575580.

16. Kim CR, Jeon YJ, Kim MC, Jeong T, Koo WR. Reference values for hand grip strength in the South

Korean population. PloS one. 2018; 13(4):e0195485. https://doi.org/10.1371/journal.pone.0195485

PMID: 29624617; PubMed Central PMCID: PMC5889161.

17. Rural Development Administration (KR). Food Composition Table. 8th rev. ed. Suwon: Rural Develop-

ment Administration; 2011.

18. Baek YJ, Kwon SH, Oh KW. Development of Fatty Acid Composition Table and Intakes of Fatty Acids

in Korea National Health and Nutrition Examination Survey (KNHANES). Pub Health Week Rep. 2015;

8(4):75–81.

19. Ministry of Health and Welfare (KR). The Korean Nutrition Society. Dietary reference intakes for Kore-

ans 2015. Sejong: Ministry of Health and Welfare. 2016.

20. Kwon YJ, Lim HJ, Lee YJ, Lee HS, Linton JA, Lee JW, et al. Associations between high-risk alcohol

consumption and sarcopenia among postmenopausal women. Menopause. 2017; 24(9):1022–7.

https://doi.org/10.1097/GME.0000000000000879 PMID: 28590346.

21. Kawamto R, Ninomiya D. Senzaki K, Kumagi T. Alcohol Consumption is Positively Associated with

Handgrip Strength Among Japanese Community-dwelling Middle-aged and Elderly Persons. Interna-

tional Journal of Gerontology. 2018; 12:294–8.

Factors of muscle strength in older Koreans

PLOS ONE | https://doi.org/10.1371/journal.pone.0214612 March 28, 2019 12 / 14

https://doi.org/10.1093/gerona/gln031
http://www.ncbi.nlm.nih.gov/pubmed/19181709
https://doi.org/10.1186/s40200-017-0302-x
http://www.ncbi.nlm.nih.gov/pubmed/28523252
https://doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/20392703
https://doi.org/10.1016/j.jamda.2013.11.025
http://www.ncbi.nlm.nih.gov/pubmed/24461239
https://doi.org/10.1093/ageing/afr051
http://www.ncbi.nlm.nih.gov/pubmed/21624928
https://doi.org/10.1136/bmj.c4467
https://doi.org/10.1136/bmj.c4467
http://www.ncbi.nlm.nih.gov/pubmed/20829298
https://doi.org/10.1093/aje/kwj255
http://www.ncbi.nlm.nih.gov/pubmed/16905644
https://doi.org/10.1016/j.jamda.2015.11.003
http://www.ncbi.nlm.nih.gov/pubmed/26717805
https://doi.org/10.1590/S0080-623420140000700007
http://www.ncbi.nlm.nih.gov/pubmed/25626499
https://doi.org/10.1016/j.jbmt.2016.08.017
http://www.ncbi.nlm.nih.gov/pubmed/28532885
https://doi.org/10.4178/epih/e2013001
http://www.ncbi.nlm.nih.gov/pubmed/23440903
https://doi.org/10.1371/journal.pone.0195485
http://www.ncbi.nlm.nih.gov/pubmed/29624617
https://doi.org/10.1097/GME.0000000000000879
http://www.ncbi.nlm.nih.gov/pubmed/28590346
https://doi.org/10.1371/journal.pone.0214612


22. Al-Obaidi S, Al-Sayegh N, Nadar M. Smoking impact on grip strength and fatigue resistance: implica-

tions for exercise and hand therapy practice. Journal of physical activity & health. 2014; 11(5):1025–31.

https://doi.org/10.1123/jpah.2011-0357 PMID: 23799259.

23. Hairi FM, Mackenbach JP, Andersen-Ranberg K, Avendano M. Does socio-economic status predict

grip strength in older Europeans? Results from the SHARE study in non-institutionalised men and

women aged 50+. Journal of epidemiology and community health. 2010; 64(9):829–37. https://doi.org/

10.1136/jech.2009.088476 PMID: 19884112.

24. Choi EJ. Tobacco Cessation Policy Indicators and Their Policy Implications. Health and Welfare Policy

Forum. 2017; 264:22–31.

25. Ministry of Health and Welfare of Korea, Korea Centers for Disease Control and Prevention. 2017

Korea Health Statistics. Seoul: Ministry of Health and Welfare of Korea; 2019.

26. Chen LK, Lee WJ, Peng LN, Liu LK, Arai H, Akishita M, et al. Recent Advances in Sarcopenia Research

in Asia: 2016 Update From the Asian Working Group for Sarcopenia. Journal of the American Medical

Directors Association. 2016; 17(8):767 e1–7. https://doi.org/10.1016/j.jamda.2016.05.016 PMID:

27372539.

27. Miyazaki R, Takeshima T, Kotani K. Exercise Intervention for Anti-Sarcopenia in Community-Dwelling

Older People. Journal of clinical medicine research. 2016; 8(12):848–53. https://doi.org/10.14740/

jocmr2767w PMID: 27829949; PubMed Central PMCID: PMC5087623.

28. Coups EJ, Ostroff JS. A population-based estimate of the prevalence of behavioral risk factors among

adult cancer survivors and noncancer controls. Preventive medicine. 2005; 40(6):702–11. https://doi.

org/10.1016/j.ypmed.2004.09.011 PMID: 15850868.

29. Kuh D, Bassey EJ, Butterworth S, Hardy R, Wadsworth ME, Musculoskeletal Study T. Grip strength,

postural control, and functional leg power in a representative cohort of British men and women: associa-

tions with physical activity, health status, and socioeconomic conditions. The journals of gerontology

Series A, Biological sciences and medical sciences. 2005; 60(2):224–31. PMID: 15814867.

30. Yamada M, Nishiguchi S, Fukutani N, Aoyama T, Arai H. Mail-Based Intervention for Sarcopenia Pre-

vention Increased Anabolic Hormone and Skeletal Muscle Mass in Community-Dwelling Japanese

Older Adults: The INE (Intervention by Nutrition and Exercise) Study. Journal of the American Medical

Directors Association. 2015; 16(8):654–60. https://doi.org/10.1016/j.jamda.2015.02.017 PMID:

25858281.

31. Kim HK, Suzuki T, Saito K, Yoshida H, Kobayashi H, Kato H, et al. Effects of exercise and amino acid

supplementation on body composition and physical function in community-dwelling elderly Japanese

sarcopenic women: a randomized controlled trial. Journal of the American Geriatrics Society. 2012; 60

(1):16–23. https://doi.org/10.1111/j.1532-5415.2011.03776.x PMID: 22142410.

32. Kerstetter JE, O’Brien KO, Insogna KL. Low protein intake: the impact on calcium and bone homeosta-

sis in humans. The Journal of nutrition. 2003; 133(3):855S–61S. https://doi.org/10.1093/jn/133.3.855S

PMID: 12612169.

33. Solerte SB, Gazzaruso C, Bonacasa R, Rondanelli M, Zamboni M, Basso C, et al. Nutritional supple-

ments with oral amino acid mixtures increases whole-body lean mass and insulin sensitivity in elderly

subjects with sarcopenia. The American journal of cardiology. 2008; 101(11A):69E–77E. https://doi.org/

10.1016/j.amjcard.2008.03.004 PMID: 18514630.

34. Verreijen AM, Verlaan S, Engberink MF, Swinkels S, de Vogel-van den Bosch J, Weijs PJ. A high whey

protein-, leucine-, and vitamin D-enriched supplement preserves muscle mass during intentional weight

loss in obese older adults: a double-blind randomized controlled trial. The American journal of clinical

nutrition. 2015; 101(2):279–86. https://doi.org/10.3945/ajcn.114.090290 PMID: 25646324.

35. Braveman P, Egerter S, Williams DR. The social determinants of health: coming of age. Annual review

of public health. 2011; 32:381–98. https://doi.org/10.1146/annurev-publhealth-031210-101218 PMID:

21091195.

36. Chang SS, Sohn BS. Inequality of Educational Opportunity in Korea—The Effects of Family Back-

ground on Educational Attainment. Korean Journal of Sociology. 2000; 34(FAL):671–708.

37. Lee MJ. Gender Differential Educational Investment within Family. Korean Journal of Sociology. 1998;

32:63–97.

38. Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A Jr., Orlandini A, et al. Prognostic

value of grip strength: findings from the Prospective Urban Rural Epidemiology (PURE) study. Lancet.

2015; 386(9990):266–73. https://doi.org/10.1016/S0140-6736(14)62000-6 PMID: 25982160.

39. Robert S, House JS. SES differentials in health by age and alternative indicators of SES. Journal of

aging and health. 1996; 8(3):359–88. https://doi.org/10.1177/089826439600800304 PMID: 10165980.

40. Lee SJ. Poverty amongst the Elderly in South Korea: The Perception, Prevalence, and Causes and

Solutions. International Journal of Social Science and Humanity. 2014; 4:242–5. https://doi.org/10.

7763/IJSSH.2014.V4.355

Factors of muscle strength in older Koreans

PLOS ONE | https://doi.org/10.1371/journal.pone.0214612 March 28, 2019 13 / 14

https://doi.org/10.1123/jpah.2011-0357
http://www.ncbi.nlm.nih.gov/pubmed/23799259
https://doi.org/10.1136/jech.2009.088476
https://doi.org/10.1136/jech.2009.088476
http://www.ncbi.nlm.nih.gov/pubmed/19884112
https://doi.org/10.1016/j.jamda.2016.05.016
http://www.ncbi.nlm.nih.gov/pubmed/27372539
https://doi.org/10.14740/jocmr2767w
https://doi.org/10.14740/jocmr2767w
http://www.ncbi.nlm.nih.gov/pubmed/27829949
https://doi.org/10.1016/j.ypmed.2004.09.011
https://doi.org/10.1016/j.ypmed.2004.09.011
http://www.ncbi.nlm.nih.gov/pubmed/15850868
http://www.ncbi.nlm.nih.gov/pubmed/15814867
https://doi.org/10.1016/j.jamda.2015.02.017
http://www.ncbi.nlm.nih.gov/pubmed/25858281
https://doi.org/10.1111/j.1532-5415.2011.03776.x
http://www.ncbi.nlm.nih.gov/pubmed/22142410
https://doi.org/10.1093/jn/133.3.855S
http://www.ncbi.nlm.nih.gov/pubmed/12612169
https://doi.org/10.1016/j.amjcard.2008.03.004
https://doi.org/10.1016/j.amjcard.2008.03.004
http://www.ncbi.nlm.nih.gov/pubmed/18514630
https://doi.org/10.3945/ajcn.114.090290
http://www.ncbi.nlm.nih.gov/pubmed/25646324
https://doi.org/10.1146/annurev-publhealth-031210-101218
http://www.ncbi.nlm.nih.gov/pubmed/21091195
https://doi.org/10.1016/S0140-6736(14)62000-6
http://www.ncbi.nlm.nih.gov/pubmed/25982160
https://doi.org/10.1177/089826439600800304
http://www.ncbi.nlm.nih.gov/pubmed/10165980
https://doi.org/10.7763/IJSSH.2014.V4.355
https://doi.org/10.7763/IJSSH.2014.V4.355
https://doi.org/10.1371/journal.pone.0214612


41. Stenholm S, Tiainen K, Rantanen T, Sainio P, Heliovaara M, Impivaara O, et al. Long-term determi-

nants of muscle strength decline: prospective evidence from the 22-year mini-Finland follow-up survey.

Journal of the American Geriatrics Society. 2012; 60(1):77–85. Epub 2012/01/04. https://doi.org/10.

1111/j.1532-5415.2011.03779.x PMID: 22211568.

42. Cetinus E, Buyukbese MA, Uzel M, Ekerbicer H, Karaoguz A. Hand grip strength in patients with type 2

diabetes mellitus. Diabetes Res Clin Pract. 2005; 70(3):278–86. Epub 2005/05/10. https://doi.org/10.

1016/j.diabres.2005.03.028 PMID: 15878215.

43. Giglio BM, Mota JF, Wall BT, Pimentel GD. Low Handgrip Strength Is Not Associated with Type 2 Dia-

betes Mellitus and Hyperglycemia: a Population-Based Study. Clin Nutr Res. 2018; 7(2):112–6. Epub

2018/05/02. https://doi.org/10.7762/cnr.2018.7.2.112 PMID: 29713619; PubMed Central PMCID:

PMCPMC5921328.

44. Lino VT, Rodrigues NC, O’Dwyer G, Andrade MK, Mattos IE, Portela MC. Handgrip Strength and Fac-

tors Associated in Poor Elderly Assisted at a Primary Care Unit in Rio de Janeiro, Brazil. PloS one.

2016; 11(11):e0166373. https://doi.org/10.1371/journal.pone.0166373 PMID: 27832209; PubMed Cen-

tral PMCID: PMC5104380.

45. Murakami M, Hirano H, Watanabe Y, Sakai K, Kim H, Katakura A. Relationship between chewing ability

and sarcopenia in Japanese community-dwelling older adults. Geriatrics & gerontology international.

2015; 15(8):1007–12. https://doi.org/10.1111/ggi.12399 PMID: 25363233.

46. Takahashi M, Maeda K, Wakabayashi H. Prevalence of sarcopenia and association with oral health-

related quality of life and oral health status in older dental clinic outpatients. Geriatrics & gerontology

international. 2018; 18(6):915–21. https://doi.org/10.1111/ggi.13279 PMID: 29493061.

47. Hutton B, Feine J, Morais J. Is there an association between edentulism and nutritional state? Journal.

2002; 68(3):182–7. PMID: 11911815.

48. Denison HJ, Cooper C, Sayer AA, Robinson SM. Prevention and optimal management of sarcopenia: a

review of combined exercise and nutrition interventions to improve muscle outcomes in older people.

Clinical interventions in aging. 2015; 10:859–69. https://doi.org/10.2147/CIA.S55842 PMID: 25999704;

PubMed Central PMCID: PMC4435046.

49. Artaza-Artabe I, Saez-Lopez P, Sanchez-Hernandez N, Fernandez-Gutierrez N, Malafarina V. The rela-

tionship between nutrition and frailty: Effects of protein intake, nutritional supplementation, vitamin D

and exercise on muscle metabolism in the elderly. A systematic review. Maturitas. 2016; 93:89–99.

https://doi.org/10.1016/j.maturitas.2016.04.009 PMID: 27125943.

50. Bohannon RW. Hand-grip dynamometry predicts future outcomes in aging adults. Journal of geriatric

physical therapy (2001). 2008; 31(1):3–10. Epub 2008/05/21. PMID: 18489802.

Factors of muscle strength in older Koreans

PLOS ONE | https://doi.org/10.1371/journal.pone.0214612 March 28, 2019 14 / 14

https://doi.org/10.1111/j.1532-5415.2011.03779.x
https://doi.org/10.1111/j.1532-5415.2011.03779.x
http://www.ncbi.nlm.nih.gov/pubmed/22211568
https://doi.org/10.1016/j.diabres.2005.03.028
https://doi.org/10.1016/j.diabres.2005.03.028
http://www.ncbi.nlm.nih.gov/pubmed/15878215
https://doi.org/10.7762/cnr.2018.7.2.112
http://www.ncbi.nlm.nih.gov/pubmed/29713619
https://doi.org/10.1371/journal.pone.0166373
http://www.ncbi.nlm.nih.gov/pubmed/27832209
https://doi.org/10.1111/ggi.12399
http://www.ncbi.nlm.nih.gov/pubmed/25363233
https://doi.org/10.1111/ggi.13279
http://www.ncbi.nlm.nih.gov/pubmed/29493061
http://www.ncbi.nlm.nih.gov/pubmed/11911815
https://doi.org/10.2147/CIA.S55842
http://www.ncbi.nlm.nih.gov/pubmed/25999704
https://doi.org/10.1016/j.maturitas.2016.04.009
http://www.ncbi.nlm.nih.gov/pubmed/27125943
http://www.ncbi.nlm.nih.gov/pubmed/18489802
https://doi.org/10.1371/journal.pone.0214612

