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Abstract
Background Handgrip strength is an easy-to-assess indicator of overall muscle strength and can be used to evaluate health status. Although previous studies
have reported an increase in grip strength due to aerobic exercise, such a study has not been conducted on Korean participants. This study aimed to
investigate the effects of aerobic exercise on handgrip strength and examine the association between these two variables in Korean patients with
hypertension or diabetes.

Methods This cross-sectional study used data from the 6th and 7th Korean National Health and Nutrition Examination Survey (2014–2017). A total of 19,650
individuals aged ≥19 years who had responded to questionnaires concerning aerobic exercise and handgrip strength were analyzed. The relationship between
aerobic activity and handgrip strength was examined by logistic regression analysis.

Results The mean age of individuals in the low muscle strength group was higher than that in the normal muscle strength group. The odds ratio for low
handgrip strength was higher in individuals who did not perform aerobic exercise than in those who performed aerobic exercise. Following adjustment for
covariates, the odds ratios (95% con�dence intervals) for low handgrip strength were 1.415 (0.187–1.688) in the total sample, 1.799 (1.376–2.352) in patients
with hypertension, and 1.811 (1.208–2.715) in patients with diabetes.

Conclusion The results of our study indicated a strong association between aerobic exercise and handgrip strength in the Korean population.

Background
Handgrip strength, which refers to the force used to grasp an object with the hand, is a simple, rapid, and standard indicator for assessing overall muscle
strength [1]. Additionally, it is an e�cient technique for evaluating the overall health condition, including nutritional status and gait [2]. Recent studies have
reported handgrip strength as related to hypertension [3], diabetes [4], and other various chronic diseases [5], as well as to quality of life [6] and mental health,
including depression [7] and dementia [8].

Physical activity refers to all bodily movements that consume energy for skeletal muscle activity [9] and can be broadly divided into aerobic and anaerobic
exercises. Aerobic exercise refers to the physical activity that utilizes carbohydrates and lipids in the body as the energy source, which increases oxygen
consumption for a certain duration for the combustion and oxidation of carbohydrates and lipids [10]. This form of exercise is effective in preventing and
correcting obesity by reducing body fat [11] and has positive effects on chronic diseases, including hypertension [12], cardiovascular disease [13], and
diabetes [14]. Therefore, public health institutions from various countries recommend aerobic exercise to support the prevention and treatment of chronic
diseases [15]. Aerobic exercise also has positive effects on mental health disorders, such as depression [16] and anxiety [17], and can improve the overall
quality of life [18]. Thus, regular aerobic exercise is essential for maintaining and improving both physical and mental health.

Physical activity recommendations for the residents of various countries, including Japan, South Korea, and North American countries, have been published.
In 2013, the Ministry of Health and Welfare had published the “Physical Activity Guidelines for South Koreans” as recommendation and legislation of the
standards of physical activity for the improvement in health of the national population [9]. However, according to a report published by the Ministry of Health
and Welfare, only 3 out of 10 adults in South Korea adhered to these guidelines [19]. Additionally, the 2017 Korean National Health and Nutrition Examination
Survey (KNHANES) showed a rapid decrease in the percentage of the population performing aerobic exercise, from 58.3% in 2014 to 48.4% in 2017 [20].

Although aerobic exercise generally improves aerobic capacity and is associated with cardiovascular function and metabolic control [21], it has minimal
effects on the improvement in musculoskeletal mass and function, for which muscle-strengthening exercise is regarded as more suitable. However, numerous
recent studies have reported the association between aerobic exercise and muscle strength. In a study by Pikosky et al. [22], adults who participated in a 4-
week aerobic exercise program showed signi�cantly increased skeletal muscle fractional synthetic rate. In a literature review by Konopa and Harber [21],
aerobic exercise was reported to increase muscle �ber and overall muscle size via mechanisms involving modulation of the skeletal muscle molecules and
protein metabolism.

In South Korea, diabetes is responsible for 10,000 deaths annually, making it the 6th leading cause of death [23]. In 2016, the prevalence of diabetes increased
to 11.3% from 9.5% in 2015 [20]. Hypertension is the most common and strongest risk factor associated with progression to cardiovascular disease, and its
prevalence has shown a gradual increasing trend from 27.8% in 2015 to 29.1% in 2016 [24]. These are two of the three major chronic diseases among Koreans
[20], which are di�cult to cure, require long-term management, and can result in permanent disability [25].

Among previous studies on handgrip strength and aerobic exercise, Crane et al. [26] showed that long-term aerobic exercise improved cardiopulmonary and
metabolic functions and alleviated age-related loss of muscle strength. Al-Sharif et al. [27] implemented treadmill-based aerobic exercise in patients with
hemophilia and reported signi�cant increases in serum calcium concentration and handgrip strength. In a study by Al-Shreef et al. [28], aerobic exercise
signi�cantly increased bone metabolism and handgrip strength in patients with type 2 diabetes. Mital et al. [29] directed aerobic exercise in patients with
coronary artery disease and observed a signi�cant increase in handgrip strength.

However, the previous studies have all used relatively small study populations; additionally, there has not yet been any study on the relationship between
handgrip strength and aerobic exercise in the Korean population. In this study, we used data from the 2014–2017 KNHANES to examine changes in handgrip
strength based on aerobic exercise behaviors in Korean adults aged ≥19 years and to investigate this relationship in patients with hypertension and those
with diabetes.

Methods
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Study population
This study used raw data from KNHANES-VI and -VII (2014–2017). KNHANES is a nationwide cross-sectional survey that has been conducted since 1988 to
ascertain the state of health and nutrition in the South Korean population, in accordance with Article 16 of the National Health Promotion Act, by the Korean
Centers for Disease Control and Prevention (KCDC), as part of the Ministry of Health and Welfare. A representative sample of the households is selected by
systematic strati�ed cluster sampling, and household members ≥1 years of age, excluding institutionalized individuals, are subjected to a health
questionnaire, health examination, and nutritional survey. In the present study, out of 31,207 total respondents in the survey, we excluded those aged <19 years
(6,386 individuals) as well as those with missing values for handgrip strength (3,667 individuals) and exercise data (1,504 individuals), and we included the
remaining 19,650 respondents (8,676 men, 10,974 women) in our analysis (Fig. 1).

Handgrip strength

From visual inspection and interview with the participants, the surveyors excluded those in whom measuring handgrip strength was di�cult due to functional
limitations, history of hand or wrist surgery within the last 3 months, or hand or wrist pain within the last week. For the measurement of handgrip strength,
participants adopted a standing position with their lower arms hanging naturally, away from the body, at the height of their thigh, and grasped the
dynamometer without bending their elbow or wrist. Measurements were taken for a duration of up to 3 seconds. Three measurements were taken from each
hand, alternatively, for a total of 6 measurements. The maximum value from the dominant hand was used as the �nal measurement of grip strength. The
device used for measurement was a digital grip strength dynamometer (TKK 5401; Takei Scienti�c Instruments Co, Ltd, Tokyo, Japan). In a previous study
using KNHANES data by Kim et al. [30], cut-off values for handgrip strength were de�ned to be <28.9 kg for men and <16.8 kg for women, and applying the
same values in our study, we classi�ed individuals with handgrip strength below the cut-off value as “low muscle strength” (LMS) and those with handgrip
strength above the cut-off values as “normal muscle strength” (NMS).

Aerobic exercise

Aerobic exercise performance rate was de�ned as the fraction of participants who performed, per week, at least 2 h and 30 min of moderate physical activity, 1
h and 15 min of vigorous physical activity, or an equivalent mixture of moderate and vigorous physical activity (where 1 min of vigorous activity is equivalent
to 2 min of moderate activity). Using questionnaire items on aerobic exercise, we �rst identi�ed participants who responded “Yes” to the question “Does your
day include at least 10 min of vigorous/moderate physical activity, during which you are continuously very/slightly out of breath or your heart beats
much/slightly faster?,” or to the question “Do you usually perform at least 10 min of vigorous/moderate sports, exercise, or leisure activities, during which you
are continuously very/slightly out of breath or your heart beats much/slightly faster?”; then, based on the responses of these participants to the question “In a
typical week, how many days/hours due to perform vigorous/moderate physical activity related to work/leisure?,” we calculated the number of people who
performed at least 2 h and 30 min of moderate physical activity, 1 h and 15 min of vigorous physical activity, or an equivalent mixture of moderate and
vigorous physical activity per week. The measurement results for vigorous/moderate physical activity were converted into minutes, and when the amount of
exercise was calculated in terms of metabolic equivalent (MET-min/week, hereafter MET), participants were classi�ed into aerobic exercisers (≥600 MET-
min/week) and non-exercisers (<600 MET-min/week).

Covariates

As sociodemographic characteristics of the participants, we included age, sex, educational level, marital status, and income level. Similarly, as lifestyle habit
factors, we included weight, height, smoking status, and heavy alcohol drinking; as disease- and health-related factors, we included diagnosis of hypertension
and diabetes, body mass index (BMI), and forced expiratory volume in 1 second (FEV1). Educational level was categorized into elementary school graduation
or below, middle school graduation, high school graduation, and college graduation or above; income level was categorized into 4 quartiles: low, lower-middle,
upper-middle, and high. BMI was calculated as the weight in kilograms divided by the square of the height in meters. Smoking status was categorized as never
smoker, past smoker, or current smoker. Heavy alcohol drinking was calculated as the number of participants (n) who responded that they drank on an
average ≥7 servings at a time for men or ≥5 servings at a time for women at least twice per week. Hypertension prevalence was calculated as the number of
participants (n) with systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or who reported as taking antihypertensive medication.
Diabetes prevalence was calculated as the number of participants (n) with fasting blood glucose ≥126 mg/dL, diagnosed with diabetes by a doctor, reported
as taking blood glucose lowering agents or insulin treatments. FEV1 was measured in patients aged ≥40 years using dry rolling-seal spirometry (Vmax series
2130; SensorMedics, USA).

Statistical methods

As KNHANES is a sample survey rather than a census, all data analyses were performed using a weighted complex sample design. For participants’
sociodemographic data, measurements, and examination results, categorical variables were expressed as frequency and percentage (%), whereas continuous
variables were presented as mean and standard deviation. Categorical and continuous variables were analyzed using chi-square test and t-test, respectively,
and p<0.05 was considered signi�cant. In order to analyze the effects of aerobic exercise on handgrip strength, we performed a logistic regression analysis
and obtained the odds ratios (ORs) and con�dence intervals. SPSS version 25.0 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses in this
study.

Ethics statement

KNHANES-VI and -VII were conducted by the KCDC, and all participants provided prior written consent. All survey protocols were approved by the institutional
review board of the KCDC (approval numbers 2013–12EXP–03–5C and 2015–01–02–6C). Data from KNHANES are available on the “Korea National Health
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and Nutrition Examination Survey” website (http://knhanes.cdc.go.kr), speci�cally the needed annual reports. Our study was approved by an institutional
review board (JASENG 2019–04–006).

Results
A total of 19,650 individuals were selected as participants in this study, including 8,676 men and 10,974 women. To analyze the general characteristics,
participants were divided into the LMS and NMS groups, both for the entire study population and for men and women separately. Across all participants, the
mean age of participants in the LMS group was 65.0±16.5 years, whereas that of participants in the NMS group was 48.6±15.7 years, indicating that patients
in the LMS group were older on average, and these trends were similar when the analysis was repeated separately for men and women (men: LMS, 66.2±16.1
years; NMS, 48.7±15.8 years and women: LMS, 64.0±16.8 years; NMS, 48.5±15.7 years). Across all participants, the mean grip strength of the dominant hand
was 18.1±6.1 kg in the LMS group and 31.2±9.6 kg in the NMS group, indicating that the NMS group showed stronger handgrip (men: LMS, 24.7±5.1 kg; NMS,
38.3±6.5 kg and women: LMS, 13.9±3.0 kg; NMS, 22.7±4.0 kg). Based on lifestyle habits, a total of 788 (32.0%) and 8,434 (49.1%) individuals performed
aerobic exercise in the LMS and NMS groups, respectively; excluding the male NMS group (4,016 individuals [52.7%]), there were more non-exercisers than
exercisers in all groups. Among health-related factors, across all participants, there were 1,194 (48.5%) and 4,865 (28.4%) patients with hypertension in the
LMS and NMS groups, respectively; furthermore, there were 475 (22.3%) and 1,671 (10.3%) patients with diabetes in the LMS and NMS groups, respectively
(Table 1).

We performed logistic regression analysis to examine the changes in handgrip strength with respect to aerobic exercise status (Table 2). Model 1 was
adjusted for covariates; Model 2 was adjusted for age, sex, and BMI, which could affect handgrip strength; Model 3 was Model 2 adjusted for all other
sociodemographic factors, lifestyle habit factors, and disease- and health-related factors. In the separate analyses of men and women, the adjustment for sex
was omitted. In the univariate analysis of all participants, the OR was signi�cant, at 2.053 (1.867–2.245), and this association was signi�cant even for
individual analysis of men and women using the same model [men: 1.968 (1.723–2.249), women: 2.123 (1.879–2.399)]. Models 2 and 3, adjusted for
covariates, also showed signi�cant ORs in all cases, at 1.448 (1.315–1.594) and 1.415 (1.187–1.688), respectively, across all participants: 1.451 (1.256–
1.676) and 1.511 (1.162–1.965) in men and 1.446 (1.269–1.647) and 1.372 (1.079–1.745) in women (p<0.05).

Table 2 presents the results of analysis of the relationship between aerobic activity and handgrip strength in patients with hypertension, which shows the
highest prevalence of all chronic diseases in South Koreans. Additionally, among patients with hypertension, the ORs for low grip strength in non-exercisers
compared with exercisers were signi�cant at 2.267 (1.964–2.617) in Model 1, 1.610 (1.373–1.888) in Model 2, and 1.799 (1.376–2.352) in Model 3. In the
analysis according to sex, both men and women showed signi�cantly high ORs for low grip strength when not performing aerobic exercise; particularly, when
all confounding variables were adjusted for, we observed a slightly stronger association in men than in women [men: 1.910 (1.306–2.794), women: 1.796
(1.218–2.648)].

Table 2 also shows the results of analysis of the relationship between aerobic exercise and handgrip strength in patients with diabetes. In the crude model
including all participants, non-exercisers showed a signi�cantly increased OR for LMS (2.344 [1.858–2.957]) when compared with exercisers, and the results
were also consistent in Models 2 and 3 (Model 2, 1.793 [1.396–2.303]; Model 3, 1.811 [1.208–2.715]). In the analysis according to sex, men showed even
stronger associations in the models corrected for covariates (Model 2, 1.679 [1.201–2.348]; Model 3, 2.032 [1.155–3.574]) compared with the crude model
(1.958 [1.437–2.667]). When not performing aerobic exercise, the ORs for LMS in women were signi�cant in Model 1 at 2.787 (1.938–4.009) and in Model 2 at
2.001 (1.364–2.937).

Discussion
In this study, we analyzed the relationship between aerobic activity and handgrip strength based on reliable, large-scale nationwide data.

Using data from KNHANES-VI and -VII (2014–2017), out of 31,207 total participants, we analyzed 19,650 individuals (8,676 men, 10,974 women) aged ≥19
years who had available data on both grip strength and aerobic exercise. The results clearly indicated a higher risk of low grip strength in South Koreans aged
≥19 years who did not perform aerobic exercise. We also performed subgroup analyses of participants with hypertension or diabetes, which are two of the
major chronic diseases in South Korea. Among patients with hypertension or diabetes, individuals who did not perform aerobic exercise showed signi�cantly
increased risk of low grip strength.

The mechanism for reduced handgrip strength in individuals performing less aerobic exercise can be explained by the theory of muscle protein balance due to
increased mitochondria [21, 22]. Lack of aerobic exercise increases levels of in�ammatory factors such as cytokines and tumor necrosis factor-alpha (TNF-α),
and this leads to reduced muscle strength [31]. Because in�ammation is inversely proportional to insulin-like growth factor–1 (IGF–1) levels, reduced IGF–1
leads to a decrease in the muscle mass, and the in�ammatory factor TNF-α induces cell death in muscles, leading to impaired muscle function [32]. During
aerobic exercise, mitochondrial count and activity increase, balancing muscle proteins by controlling muscle protein degradation and synthesis, and
promoting growth of skeletal muscle [21, 22]. In addition, lack of aerobic exercise leads to increased lipid mass, and this lipid accumulates inside muscle
�bers, leading to impaired skeletal muscle function [33].

In the present study, we performed a subgroup analysis to investigate the relationship between aerobic exercise and handgrip strength in patients with
hypertension or diabetes, both of which have a high prevalence in South Koreans. In both patients with hypertension and diabetes, less aerobic exercise was
associated with a signi�cant increase in the risk of low handgrip strength. Previously, very few studies have examined the relationship between handgrip
strength and aerobic exercise in patients with diabetes and hypertension.

http://knhanes.cdc.go.kr/


Page 5/10

In an animal study by Ergen et al. [34], when diabetes-induced rats performed 8 weeks of treadmill exercise, they showed signi�cantly lower blood glucose and
increased skeletal muscle endurance capacity compared to rats who did not perform aerobic exercise. According to the results of a study by Wallymahmed et
al. [35], when aerobic capacity (VO2 max), handgrip strength, and hemoglobin A1c were measured in patients with type 1 diabetes, individuals with high VO2

max exhibited higher handgrip strength, but showed a trend for worse blood glucose control. Al-Shreef et al. [28] implemented 6-month aerobic exercise or
resistance exercise in 100 patients with type 2 diabetes and observed signi�cant increases in bone metabolism and grip strength in both the aerobic exercise
group and resistance exercise group. In addition to its main role in physical activity, skeletal muscle is also involved in insulin metabolism and controls blood
glucose via insulin-mediated glucose uptake. When this function declines, because insulin resistance can lead to type 2 diabetes, skeletal muscle growth and
elevated insulin sensitivity can be explained in terms of aerobic exercise [36].

In a study by Fernandes et al. [37] in spontaneously hypertensive rats, 10 weeks of aerobic exercise was effective in reducing blood pressure and correcting
capillary rarefaction in the skeletal muscles. This is because aerobic exercise normalizes capillary infarction in skeletal muscles, reduces total peripheral
resistance, and promotes increased microcirculatory �ow, leading to increased blood �ow due to higher numbers of blood vessels in the skeletal muscles.
Aerobic exercise increases the ratio of capillaries-to-muscle �bers in skeletal muscles.

Our study had several limitations. First, as a cross-sectional study, although we were able to investigate correlations between variables, we were unable to
clearly examine the order of changes in order to identify causal relationships. However, because we used data from KNHANES, which is representative of the
South Korean population, there is little risk of sampling error. Second, because the questionnaire on aerobic exercise was dependent on the participants’
memory, it is possible that memory decay bias could have reduced the accuracy of the information. Third, because the study was based on data from a survey
of South Koreans, the results could have been affected by the racial characteristics of Koreans and, thus, may not be applicable to individuals of other races.
Nevertheless, the value of our research is that we demonstrated a very strong association between aerobic exercise and handgrip strength, and this study was
the �rst to examine the relationship between these two variables in the Korean adults.

Conclusions
This study investigated the relationship between aerobic exercise and handgrip strength using survey data from South Koreans. Performing less aerobic
exercise was associated with higher risk of low handgrip strength, and this relationship was also signi�cant in patients with hypertension and/or diabetes.
This study demonstrates a close relationship between aerobic exercise and handgrip strength, which is a useful measure re�ective of the overall physical
health. In addition to its typical bene�ts, aerobic exercise also has excellent effects on muscle hypertrophy and modulation of blood glucose and blood
pressure. Our results provide evidence that emphasizes the necessity for aerobic exercise for better health in the current population. In addition, because this
study was conducted in the South Korean population, further interventional studies on the relationship between aerobic exercise and handgrip strength and
the mechanisms for this relationship in other races are required.
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Table 1 Characteristics of the study population
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Characteristic Total Men Women

LMS

(n=2,466)

NMS

(n=17,184)

LMS

(n=1,059)

NMS

(n=7,617)

LMS

(n=1,407)

NMS

(n=9,567)

Age (years), mean (SD) 65.0 (16.5)* 48.6 (15.7)* 66.2 (16.1)* 48.7 (15.8)* 64.0 (16.8)* 48.5 (15.7)*

Educational level, n (%)            

Elementary school or lower 1289 (52.6)* 2807 (16.4)* 438 (41.6)* 866 (11.4)* 851 (60.9)* 1941 (20.3)*

Middle school 285 (11.6)* 1726 (10.1)* 156 (14.8)* 779 (10.2)* 159 (9.2)* 947 (9.9)*

High school 476 (19.4)* 5944 (34.6)* 265 (25.2)* 2729 (35.9)* 211 (15.1)* 3215 (33.7)*

College or over 399 (16.3)* 6681 (38.9)* 193 (18.3)* 3233 (42.5)* 206 (14.7)* 3448 (36.1)*

Marital status, n (%)            

Married 2225 (90.2)* 14110 (82.1)* 938 (88.6)* 5982 (78.5)* 1287 (91.5)* 8128 (85.0)*

Unmarried 241 (9.8)* 3074 (17.9)* 121 (11.4)* 1635 (21.5)* 120 (8.5)* 1439 (15.0)*

Household income level, n (%)            

Low 761 (31.0)* 3913 (22.8)* 336 (31.9)* 1724 (22.7)* 425 (30.4)* 2189 (23.0)*

Lower middle 612 (24.9)* 4312 (25.2)* 263 (25.0)* 1910 (25.1)* 349 (24.9)* 2402 (25.2)*

Upper middle 546 (22.3)* 4416 (25.8)* 234 (22.2)* 1946 (25.6)* 312 (22.3)* 2470 (25.9)*

High 534 (21.8)* 4496 (26.2)* 220 (20.9)* 2022 (26.6)* 314 (22.4)* 2474 (25.9)*

Weight (kg), mean (SD) 58.9 (10.4)* 64.3 (12.2)* 62.7 (10.6)* 71.8 (11.3)* 55.0) 9.0)* 58.4 (9.2)*

Height (cm), mean (SD) 157.3 (9.0)* 163.7 (9.0)* 164.4 (6.6)* 170.9 (6.3)* 152.0 (6.6)* 157.9 (6.2)*

BMI (kg/m2), mean (SD) 23.5 (3.4)* 23.9 (3.5)* 23.1 (3.3)* 24.5 (3.2)* 23.8 (3.5)* 23.4 (3.6)*

Smoking, n (%)            

Never 1538 (63.4)* 10272 (60.1)* 252 (24.2)* 1783 (23.5)* 1286 (93.0)* 8489 (89.2)*

Past 590 (24.3)* 3547 (20.8)* 531 (51.0)* 2986 (37.1)* 59 (4.3)* 561 (5.9)*

Current 297 (12.2)* 3273 (19.1)* 259 (24.9)* 2808 (37.1)* 38 (2.7)* 465 (4.9)*

Heavy alcohol drinking, n (%) 121 (4.9)* 2039 (11.9)* 93 (8.8)* 1531 (20.1)* 28 (2.0)* 508 (5.3)*

Hypertension, n (%) 1194 (48.5)* 4865 (28.4)* 501 (17.4)* 2532 (33.3)* 693 (49.3)* 2333 (24.4)*

Diabetes, n (%) 475 (22.3)* 1671 (10.3)* 226 (24.4)* 918 (12.7)* 249 (20.7)* 753 (8.4)*

FEV1 (%), mean (SD) 90.33 (16.3)* 92.24 (13.2)* 86.6 (17.5)* 90.0 (13.3)* 93.3 (14.6)* 94.0 (12.8)*

Physical activity, n (%)            

<600 MET-min/week 1678 (68.0)* 8750 (50.9)* 676 (63.8)* 3601 (47.3)* 1002 (71.2)* 5149 (53.8)*

≥600 MET-min/week 788 (32.0)* 8434 (49.1)* 383 (36.2)* 4016 (52.7)* 405 (28.8)* 4418 (46.2)*

Right HGS (kg), mean (SD) 18.1 (6.2)* 31.1 (9.5)* 24.1 (5.1)* 38.3 (6.5)* 13.7 (2.4)* 24.0 (4.1)*

Left HGS (kg), mean (SD) 18.5 (6.7)* 29.6 (9.4)* 24.7 (5.1)* 38.3 (6.5)* 13.9 (3.0)* 22.7 (4.0)*

Dominant HGS (kg), mean (SD) 18.1 (6.1)* 31.2 (9.6)* 24.1 (4.2)* 40.1 (6.5)* 13.7 (2.4)* 24.0 (4.1)*

LMS, low muscle strength; NMS, normal muscle strength; SD, standard deviation; BMI, body mass index; MET, metabolic equivalents; FEV1, forced expiratory volume in

1 second; HGS, handgrip strength. In men, LMS was defined as HGS <28.9 kg, and NMS as HGS ≥28.9 kg; in women, LMS was defined as HGS <16.8 kg, and NMS as

HGS ≥16.8 kg. P-values: chi-square test or t-test, *p<0.001.

 

 

 

 



Page 9/10

 

 

 

Table 2 Odds ratios for handgrip strength in total participants and participants with chronic disease

Subgroups Model 1 [OR (95% CI)] Model 2 [OR (95% CI)] Model 3 [OR (95% CI)]

Total

<600 MET-min/week 2.053 (1.876–2.245)* 1.448 (1.315–1.594)* 1.415 (1.187–1.688)*

≥600 MET-min/week (ref.) 1 1 1

Mena      

<600 MET-min/week 1.968 (1.723–2.249)* 1.451 (1.256–1.676)* 1.511 (1.162–1.965)*

≥600 MET-min/week (ref.) 1 1 1

Womena      

<600 MET-min/week 2.123 (1.879–2.399)* 1.446 (1.269–1.647)* 1.372 (1.079–1.745)*

≥600 MET-min/week (ref.) 1 1 1

Total of hypertension

<600 MET-min/week 2.267 (1.964–2.617)* 1.610 (1.373–1.888)* 1.799 (1.376–2.352)*

≥600 MET-min/week (ref.) 1 1 1

Mena      

<600 MET-min/week 1.879 (1.535–2.299)* 1.478 (1.176–1.856)* 1.910 (1.306–2.794)*

≥600 MET-min/week (ref.) 1 1 1

Womena      

<600 MET-min/week 2.529 (2.052–3.117)* 1.754 (1.399–2.200)* 1.796 (1.218–2.648)*

≥600 MET-min/week (ref.) 1 1 1

Total of diabetes

<600 MET-min/week 2.344 (1.858–2.957)* 1.793 (1.396–2.303)* 1.811 (1.208–2.715)*

≥600 MET-min/week (ref.) 1 1 1

Mena      

<600 MET-min/week 1.958 (1.437–2.667)* 1.679 (1.201–2.348)* 2.032 (1.155–3.574)*

≥600 MET-min/week (ref.) 1 1 1

Womena      

<600 MET-min/week 2.787 (1.938–4.009)* 2.001 (1.364–2.937)* 1.703 (0.935–3.104)

≥600 MET-min/week (ref.) 1 1 1

BMI, body mass index; MET, metabolic equivalent. Odds ratios (OR) with adjustments using logistic regression models. Model 1: unadjusted. Model 2: adjusted for age,

sex, and BMI. Model 3: adjusted for age, sex, BMI, educational level, marital status, household income level, smoking, heavy alcohol drinking, hypertension, diabetes,

and FEV1. aNot adjusted for sex. *p<0.05.

Figure Legend

Figure Legend

Fig. 1
Flow diagram showing the number of participants who were excluded and the number of participants whose data were analyzed. KNHANES: Korean National
Health and Nutrition Examination Survey
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Figures

Figure 1

Flow diagram showing the number of participants who were excluded and the number of participants whose data were analyzed. KNHANES: Korean National
Health and Nutrition Examination Survey


