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Abstract
Background: Handgrip strength (HGS), an indicator of overall muscle strength, is a key component in sarcopenia
diagnosis. Although exercise is an effective strategy to prevent sarcopenia, the most appropriate exercise type target‑
ing sarcopenia needs to be established. This study aimed to investigate the relationship between the physical activity
(PA) patterns and HGS.
Methods: This was a cross-sectional study using the data from the 7th Korea National Health and Nutrition Exami‑
nation Survey (2016–2018). The study population included 12,814 adults aged ≥ 40 years. According to the World
Health Organization PA guidelines for public health, both aerobic (moderate to vigorous PA ≥ 150 min/week) and
resistance exercises (≥ 2 sessions/week) are recommended. Study participants were categorized into one of the four
groups depending on their adherence to each of two exercise guidelines (“neither,” “aerobic only,” “resistance only,” and
“combined”). By defining normal HGS cutoff values as the lowest quartile of HGS from the population aged 20 years
and above, we classified participants as “preserved” HGS group if their HGS was equal to or above the cutoff values. A
Poisson regression model was used to calculate adjusted prevalence ratios (APRs) for preserved HGS across the four
PA guideline adherences stratified by age and sex groups.
Results: In middle-aged adults, the “combined” exercise group was independently associated with the preserved
HGS (male, age 50–59 years, APR = 1.072; male, age 60–69 years, APR = 1.180; female, age 50–59 years, APR = 1.112;
female, age 60–69 years, APR = 1.188). For adults aged ≥ 70 years, meeting only aerobic or resistance exercise guide‑
lines showed a positive association with HGS before adjusting for other health-related variables. In males of ≥ 70 years,
the APR of preserved HGS was highest in the “combined” exercise group (“resistance only,” APR = 1.459, “combined,”
APR = 1.664), while in women aged ≥ 70 years, the significance was lost after adjusting for covariates.
Conclusions: Adults meeting both aerobic and resistance exercise guidelines were associated with the highest
prevalence of preserved HGS. Performing both types of exercise might be the most effective way to prevent sarcope‑
nia that should be investigated in future clinical trials.
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Introduction
Sarcopenia is a condition associated with accelerated
age-related skeletal muscle loss, and leads to a higher
risk of falls and fractures, difficulty in daily activities,
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and negative impact on quality of life [1]. The decline in
muscle mass starts from the age of 40 years, while sarcopenia is highly prevalent in the older population [2,
3]. It is reported that approximately 3.2 to 26.3% of the
population aged 60 years or above are suffering from
sarcopenia [4]. With a rapidly aging population worldwide, sarcopenia is likely to create a significant burden
on the public health system in the near future. According to the definition proposed by the European Working Group on Sarcopenia in Older People (EWGSOP2)
[5], clinical suspicion of sarcopenia starts with muscle
strength assessment, usually handgrip strength (HGS),
which has been proven to be a more powerful predictor of adverse health outcomes than muscle mass [1,
6]. HGS is a screening tool for sarcopenia, commonly
used in research and clinical settings to measure muscle strength due to its well-validated protocol and costeffectiveness [7]. HGS is an indicator of overall health
status in the older population, which was shown to be
significantly associated with disability and all-cause
mortality in elderly [8, 9].
The positive role of exercise training in treating and
preventing sarcopenia has been widely accepted [10–
12]. Research has been conducted targeting healthy
elderly and sarcopenia patients, providing compelling
evidence toward the beneficial effects of exercise on
muscle strength, muscle mass, and physical performance [13–16]. Among the different types of exercise
programs, resistance exercise is the mainstream intervention for maintaining skeletal muscle health [17–20].
Conversely, interest in aerobic exercise has been mainly
focused on improving cardiorespiratory capacity. However, many studies have reported improved muscle
growth [21, 22] and strength [23] after aerobic exercise.
Furthermore, a combined exercise program composed
of both resistance and aerobic exercise training has
shown greater improvement in gaining muscle strength
and improving physical performance compared to
either mode alone [24–26].
Despite the accumulating evidence, the optimal strategy for designing a physical exercise program to prevent
sarcopenia remains unclear [27]. Sex and age are also
important factors influencing the effects of exercise intervention [28, 29]. Investigating the relationship between
physical activity (PA) patterns and HGS in a large-scale
population would be helpful in establishing a preventive
strategy against sarcopenia. Therefore, our study aimed
to investigate PA pattern-based differences in HGS using
a nationally representative dataset from Korea. Since the
muscle strength starts to decline after the age of 40 years,
we selected subjects aged 40 years or above, and investigated the association of different PA patterns with HGS
across different sex and age groups.
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Materials and methods
Data collection and participants

We performed this study using data from the 7th Korea
National Health and Nutrition Examination Survey
(KNHANES, 2016–2018) conducted by trained specialists under the supervision of the Korea Centers for Disease Control and Prevention (KCDC). The KNHANES is
a nationwide, multistage-stratified, and complex design
survey on the health and nutrition of a representative
sample of the entire South Korean population. It consists
of a health questionnaire, examination, and nutrition survey. The health questionnaire and examination surveys
were conducted at mobile examination centers, while the
nutrition survey was conducted by visiting each household unit in person. In the health questionnaire surveys,
data on sociodemographic variables, medical history, and
the entire nutrition records were collected through faceto-face interviews. The entire nutrition records involve
information about the type of food consumed over the
past 24 h including how it was prepared, processed, and
the weight of each ingredient. Data on health-related
behaviors, including PA, smoking, and drinking, were
collected using self-reported questionnaires.
Of the 24,269 participants in the 2016–2018 survey, 13,959 adults aged 40 years and above were initially selected. After excluding those with missing data
for HGS (1,145 participants), 12,814 participants (5,646
men, 7,168 women) were finally included in our analysis. The numbers of missing values for each variable of
interest other than HGS were as follows: PA (n = 653);
education level (n = 629); income level (n = 48); alcohol
consumption (n = 140); smoking status (n = 150); medical
history of dyslipidemia (n = 8); body mass index (BMI)
(n = 39); and nutritional status (n = 1618). Data collection was performed after approval by the Institutional
Review Board of the KCDC (approval number: 2018–0103-P-A) and conducted in accordance with the Declaration of Helsinki. The requirement for informed consent
was waived by Korean Centers for Disease Control and
Prevention ethics committee as anonymous and de-identified information was used. The full description of the
survey and dataset used in this study is available in a public open-access KNHANES repository. (https://knhanes.
kdca.go.kr/knhanes/sub03/sub03_02_05.do).
Handgrip strength

A digital grip strength dynamometer (TKK 5401; Takei
Scientific Instruments Co., Ltd., Tokyo, Japan) was used
to measure HGS. Subjects with structural deformities
on hand/wrist, or with a history of hand/wrist surgery
within the last 3 months or hand/wrist pain within the
last week were excluded from the measurement. HGS
was measured while the participants were in a standing
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position with their arms hanging naturally at the height
of their thigh without bending their elbow or wrist.
Measurements were taken over a duration of up to 3 s.
Three measurements were taken from each hand, and the
maximum value among the six measurements was used
as the final measurement of the HGS. Normal HGS cutoff values was defined on the basis of the lowest quartile
of HGS from the total population (n = 17,610, 7,808 men,
9,802 women) aged 20 years and above from the original 7th KNHANES dataset (34.4 kg for men, 20.0 kg for
women). We classified participants as “reduced” HGS
group if their HGS was below the cutoff values, and as
“preserved” HGS group if their HGS was equal or above
the cutoff values.
We did not use the EWGSOP2 proposed cutoff values for reduced HGS (27 kg for men, 16 kg for women)
as there was a relatively small number of subjects who
belong to “reduced HGS” group when this criterion was
applied (1210 out of 12,814 which represents only 9.4%
of the total sample). Furthermore, in the 40–49 years
age group, the number of subjects belonging to “reduced
HGS” group became even smaller (male: 15 out of 1368,
1.1%; female: 37 out of 1774, 2.1%).
Physical activity assessment

The participants’ degree of regular exercise was assessed
using the Korean version of the modified Global Physical
Activity Questionnaire (K–GPAQ) [30, 31]. The GPAQ,
developed by the World Health Organization (WHO)
for PA surveillance, was translated into a Korean version in 2013, with established reliability and validity [32].
The aerobic exercise level performed by the participants
was estimated by calculating the amount of moderateto-vigorous-intensity physical activity (MVPA). The vigorous-intensity PA refers to activities that require hard
physical effort and cause large increases in breathing or
heart rate, whereas the moderate intensity PA refers to
activities that require moderate physical effort and cause
small increases in breathing or heart rate. Respondents
were asked to report the frequency (days) and duration
(hours or minutes) of moderate-intensity and vigorousintensity PA in a typical week and were asked to report
only activities that lasted for at least 10 continuous minutes. The total MVPA level was calculated by multiplying
the frequency and duration, while the minutes spent on
vigorous-intensity PA were multiplied by two. To assess
resistance exercise performance, respondents were
asked, “Over the past 7 days, how many days did you do
any physical activities specifically designed to strengthen
your muscles such as sit-ups, push-ups, lifting weights or
dumbbells?” [33].
The year 2010 WHO “Global recommendations on
physical activity for health” recommends that adults
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over the age of 18 years should engage in (1) ≥ 150 min/
week of moderate-intensity aerobic PA, or ≥ 75 min/
week of vigorous-intensity aerobic PA, or an equivalent
combination of both; and (2) resistance exercise at a
moderate or greater intensity that involves all the major
muscle groups for at least two or more days a week.
The study participants were categorized into one of the
four groups depending on their adherence to each of
two exercise guidelines based on the aforementioned
WHO guideline: “neither” (MVPA 0–149 min/week and
resistance exercise 0–1 sessions/week); “aerobic only”
(MVPA ≥ 150 min/week and resistance exercise 0–1 sessions/week); “resistance only” (MVPA 0–149 min/week
and resistance exercise ≥ 2 sessions/week); and “combined” (MVPA ≥ 150 min/week and resistance exercise ≥ 2 sessions/week).
Covariates

Data on sociodemographic variables and health-related
factors that might be related to HGS were collected
using standardized survey items. The sociodemographic
variables included age, sex, and education level (“below
middle school graduate,” “high school graduate,” or “college graduate or higher”), location of residence (“urban”
or “rural”), living situation (“single-person household”
or “with members”), and quartiles of household income.
Health-related factors included smoking status (“never
smoker,” “ex-smoker,” or “current smoker”), alcohol consumption (“ < 4 times/month” or “ ≥ twice/week”), and
presence of any comorbidities (hypertension, diabetes mellitus, or dyslipidemia) from the medical history.
Information regarding past medical history was acquired
by asking the subjects if they had ever been diagnosed
with a certain disease condition. BMI was calculated
from the objectively measured height (m) and weight
(kg). The nutrition survey was conducted using openended questionnaires to record total food consumed over
the past 24 h using the 24 h recall method. The amounts
of total energy and macronutrient (i.e. protein, fat, carbohydrates) intakes were calculated by referencing the
nutrient contents of foods described in the Korean Food
Composition Table.
Statistical analysis

Categorical variables were expressed as frequency and
percentage (%), whereas continuous variables were
presented as mean and standard deviation. Sociodemographic and health-related factors were compared
between the groups using the chi-square test for categorical variables and t-test for continuous variables. Analysis
of variance with post-hoc analysis was used to compare
continuous variables between more than two groups.
Poisson regressions with a robust error variance were
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used to calculate prevalence ratios (PRs) for preserved
HGS across the four PA guideline adherence categories
(i.e. “neither,” “aerobic only,” “resistance only,” and “combined”). For these analyses, not meeting either “aerobic”
and “resistance” exercise guidelines (“neither”) were used
as the reference group. Sex- and age-stratified analyses
were performed to observe differences between the sex
and age groups. PRs were reported with models that were
unadjusted and adjusted for health-related factors. A sensitivity analysis using the EWGSOP2 proposed HGS cutoff values are presented as Supplemental Table 1. Prior
to conducting our final analytical models, we assessed
collinearity among covariates using tests for the variance
inflation factor (VIF), with a VIF ≥ 5 indicating multicollinearity. Two pairs of covariates contained VIFs ≥ 5:
“energy intake” and “fat intake,” “energy intake” and “carbohydrate intake.” After excluding “energy intake,” the
VIFs ranged from 1.07 − 2.54, indicating no evidence of
collinearity. The statistical analyses were performed using
SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA), and
p values < 0.05 were considered statistically significant.

“reduced HGS” group than in the “preserved HGS” (all
p < 0.001).

Results

The unadjusted and adjusted prevalence ratios (APR) for
preserved HGS across the PA guideline adherence categories, with “neither” group as a reference, are shown in
Table 3 and Fig. 1. For male subjects in the 50 − 59 years
age group and both sexes in the 60 − 69 years age group,
which represents the middle-aged group, the APR was
highest among those performing the “combined” exercise (male, age 50 − 59 years, APR = 1.072; male, age
60 − 69 years, APR = 1.180; female, age 60 − 69 years,
APR = 1.188). For female subjects in the 50 − 59 years
age group, higher APR was associated with both “resistance only” (APR = 1.116) and “combined” exercise
groups (APR = 1.112). However, the youngest group
(40 − 49 years) studied did not show significant differences in HGS according to the PA categories. For male
subjects aged 70 years and over, the APR was highest
among “combined” exercise group (APR = 1.664), followed by those in “resistance only” group (APR = 1.459).
Conversely, for female subjects aged 70 years and over, no
statistically significant differences across all the PA categories were observed.

Differences between “reduced” and “preserved” handgrip
strength groups

To analyze general characteristics, subjects were divided
into the “preserved” and “reduced” HGS groups for
men and women separately. Most of the studied sociodemographic and health-related factors differed significantly between the groups (Table 1). The subjects
in the “reduced HGS” group were significantly older
(men, 68.0 ± 10.9 years vs 55.7 ± 10.1 years, p < 0.001;
women, 67.3 ± 11.6 years vs 56.3 ± 10.5 years, p < 0.001).
Compared to the “preserved HGS” group, the proportions of subjects with low education and income levels were higher in the “reduced HGS” group in both
sexes (p < 0.001 for both the parameters). Furthermore,
“reduced HGS” group contained more rural residents
and single-person households than urban residents and
with family members in both sexes (p < 0.001 for both
the parameters). The male subjects in the “reduced
HGS” group showed significantly lower BMI compared
to those in the “preserved HGS” group (23.4 ± 3.1 kg/m2
vs 24.7 ± 2.9 kg/m2, p < 0.001). Male smokers and heavy
drinkers from both sexes were more prevalent in the
“preserved HGS” group than in the “reduced HGS” group
(p < 0.001 for both the parameters). A significantly lower
intake of total energy, protein, fat, and carbohydrate
was observed in the “reduced HGS” group compared to
the “preserved HGS” group in both sexes (all p < 0.001).
Hypertension and diabetes mellitus from both sexes
and dyslipidemia in females were more prevalent in the

Differences in handgrip strength according to the age, sex
and physical activity level

The HGS was compared across the four PA guideline
adherence categories (i.e. “neither,” “aerobic only,” “resistance only,” and “combined”). The PA performance-based
HGS was significantly different in all age groups and
both sexes, except the 40 − 49 years old males (Table 2).
Trends of the lowest and highest HGS in the “neither”
and “combined” groups, respectively, were observed.
Additionally, to compare the HGS of subjects who
never exercise and that of subjects who did exercise,
but did not meet either exercise guidelines, we further
divided “neither” group as “None” and “Some activity” group, respectively. HGS was significantly different
between “None” and “Some activity” groups only for
70 years and above old females (Supplemental Table 2).
Prevalence ratios for preserved handgrip strength
according to physical activity guideline adherence
categories

Discussion
The national representative data from middle-aged and
older adults in Korea showed that only 14.2% in males
and 7.4% in females of the studied population met the
combined aerobic and resistance exercise guidelines
recommended by WHO. Almost half (44.3% in males
and 54.7% in females) of the population did not meet
either exercise guidelines. People who engage in even
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Table 1 Characteristics of the study population of the preserved and reduced HGS groups by sex
Male (n = 5646)

Female (n = 7168)

Reduced HGS
(n = 1688)

Preserved HGS
(n = 3958)

p value Reduced HGS
(n = 2032)

Preserved HGS
(n = 5136)

Age, years (mean ± SD)

68.0 ± 10.9

55.7 ± 10.1

< 0.001

67.3 ± 11.6

56.3 ± 10.5

Below middle
school graduate

791 (50.3)

816 (21.8)

1302 (68.2)

1804 (36.4)

High school graduate

384 (24.4)

1307 (34.9)

337 (17.7)

1707 (34.4)

College graduate or
higher

399 (25.4)

1619 (43.3)

269 (14.1)

1450 (29.2)

Education level, n (%)

Location of residence,
n (%)

< 0.001

< 0.001
1251 (74.1)

3172 (80.1)

1471 (72.4)

4228 (82.3)

Rural

437 (25.9)

786 (19.9)

561 (27.6)

908 (17.7)

522 (25.7)

627 (12.2)

1510 (74.3)

4509 (87.8)

< 0.001

Single

246 (14.6)

364 (9.2)

With family members

1442 (85.4)

3594 (90.8)

Quartiles of income,
n (%)

< 0.001

< 0.001

< 0.001

 1st (lowest)

503 (30.1)

864 (21.9)

569 (28.2)

1199 (23.4)

 2nd

410 (24.5)

996 (25.2)

524 (26.0)

1269 (24.8)

 3rd

380 (22.7)

1045 (26.5)

447 (22.1)

1321 (25.8)

 4th (highest)

379 (22.7)

1044 (26.4)

479 (23.7)

1337 (26.1)

BMI, kg/m2 (mean ± SD)

23.4 ± 3.1

24.7 ± 2.9

24.0 ± 3.6

24.0 ± 3.5

Never smoker

324 (19.5)

698 (17.8)

1842 (92.7)

4657 (91.3)

Ex-smoker

887 (53.5)

1867 (47.7)

73 (3.7)

220 (4.3)

Current smoker

448 (27.0)

1351 (34.5)

72 (3.6)

224 (4.4)

Smoking status, n (%)

Alcohol consumption
(frequency), n (%)

< 0.001
< 0.001

< 0.001
< 0.001

< 0.001

Urban
Living situation, n (%)

p value

< 0.001

0.706
0.154

0.008

  < 4/month

991 (64.6)

2186 (58.3)

1206 (90.3)

3734 (87.7)

  
≥ 2/week

544 (35.4)

1564 (41.7)

129 (9.7)

526 (12.4)

1899.8 ± 756.7

2309.0 ± 905.2

< 0.001

1432.0 ± 600.4

1641.5 ± 656.1

< 0.001

33.1 ± 26.6

48.6 ± 34.4

< 0.001

25.2 ± 21.5

35.2 ± 25.8

< 0.001

Nutritional status
Energy intake (Kcal)
Protein intake (g)
Fat intake (g)
Carbohydrate intake
(g)

64.5 ± 33.3

311.2 ± 117.1

82.7 ± 41.5

< 0.001

344.2 ± 128.4

< 0.001

47.9 ± 26.0

255.4 ± 105.8

58.9 ± 29.2

< 0.001

272.0 ± 114.3

< 0.001

Comorbidities
Hypertension, n (%)

778 (46.1)

1212 (30.6)

< 0.001

916 (45.2)

1319 (25.7)

< 0.001

Dyslipidemia, n (%)

352 (20.9)

837 (21.2)

0.825

643 (31.7)

1280 (24.9)

< 0.001

368 (21.8)

464 (11.7)

< 0.001

379 (18.7)

453 (8.8)

< 0.001

Diabetes mellitus,
n (%)

Continuous variables were expressed as mean ± standard deviation, and categorical variables were expressed as numbers (percentages). p values were derived using
the chi-square test or t-test. Reduced HGS was defined as HGS < 34.4 kg in men and HGS < 20.0 kg in women
HGS handgrip strength, SD standard deviation

slight amount of exercise showed significantly higher
HGS compared to that of people with physical inactivity in a certain group of population (70 years and above
old females). These results raise the need for the government’s action to promote PA for public health.

We investigated the relationship between PA patterns
and HGS in middle-aged and older adults to give an
insight for future studies regarding the most appropriate type of exercise for preserving HGS. Meeting both
exercise guidelines in contrast to meeting aerobic only

Sung et al. BMC Geriatrics

(2022) 22:676

Page 6 of 11

Table 2 HGS by sex, age group, and physical activity guideline adherence
Sex, age groups

HGS by physical activity guideline adherence category

Male (n = 5646)

Neither (n = 2501) Aerobic only
(n = 1395)

Resistance only
(n = 609)

Combined (n = 801) p value

40 − 49 years (n = 1368)

42.8 ± 7.2

43.0 ± 6.9

42.9 ± 6.4

43.9 ± 6.8

60 − 69 years (n = 1323)

36.7 ± 6.5

37.0 ± 6.4

37.6 ± 5.9

39.4 ± 5.5

Age group

50 − 59 years (n = 1378)

Female (n = 7168)
Age group

70 years and above
(n = 1237)

40.4 ± 6.3

41.0 ± 6.5

42.0 ± 6.8

0.23

41.8 ± 5.8

0.003
< 0.001

29.7 ± 6.9

31.8 ± 6.9

34.0 ± 6.2

33.9 ± 6.2

< 0.001

Neither (n = 3920)

Aerobic only (n = 2002)

Combined (n = 529)

p value

40 − 49 years (n = 1774)

24.9 ± 4.5

25.7 ± 4.8

Resistance only
(n = 404)

25.4 ± 4.7

26.3 ± 4.5

< 0.001

60 − 69 years (n = 1642)

22.1 ± 4.5

23.0 ± 4.3

23.3 ± 4.0

23.8 ± 3.7

50 − 59 years (n = 1852)
70 years and above
(n = 1587)

23.8 ± 4.3

18.1 ± 4.5

24.3 ± 4.2

19.2 ± 4.5

24.9 ± 4.1

20.2 ± 4.3

25.3 ± 4.1

< 0.001

21.0 ± 3.4

< 0.001

< 0.001

Physical activity guideline adherence categories are composed of four groups: “neither” (Moderate to vigorous physical activity, MVPA 0–149 min/week and resistance
exercise 0–1 sessions/week); “aerobic only” (MVPA ≥ 150 min/week and resistance exercise 0–1 sessions/week); “resistance only” (resistance exercise ≥ 2 sessions/week
and MVPA 0–149 min/week); and “combined” (MVPA ≥ 150 min/week and resistance exercise ≥ 2 sessions/week). p values were derived using analysis of variance
HGS handgrip strength

or resistance only was independently associated with
preserved HGS in middle-aged adults. For adults aged
70 years and above, meeting either aerobic or resistance exercise guidelines showed a positive association
with HGS; however, the prevalence ratio of preserved
HGS was highest among participants meeting both exercise guidelines. Similar results were obtained in females
(70 years and above), but not found significant after
adjusting for other health-related variables. These findings suggest the additive benefits of combined aerobic
and resistance exercise training for improving HGS and
the need for optimized exercise prescription for individuals based on their age and sex. However, this hypothesis
must be further tested in well-designed clinical trials.
In our study, adherence to both resistance and aerobic exercise guidelines were significantly associated with
preserved HGS. Resistance exercise has been proven
to be the most effective exercise type in terms of preventing and treating the sarcopenic process [13, 17, 19,
27, 34]. Although aerobic exercise is generally aimed
at enhancing cardiovascular function with increased
peak oxygen consumption, studies have found that both
aerobic and resistance exercises contribute to alleviating the age-related decline of muscle strength and mass
[21]. Previous studies have observed enhanced myofibrillar protein synthesis and muscle capillarization coupled with improved muscle strength and hypertrophy in
response to aerobic exercise training (e.g., walking, running, cycling) [23, 35, 36]. Aerobic exercise induces mitochondrial adaptation and elicits changes in growth factor
levels in skeletal muscle tissue toward positive protein

turnover balance by reducing myostatin and increasing insulin-like growth factor-1 (IGF-1). Inversely, a lack
of aerobic exercise increases lipid accumulation inside
muscle fibers, and causes muscle cell death by increasing
inflammatory cytokines and tumor necrosis factor-alpha
(TNFα) [37–39].
Aerobic exercise with sufficient intensity and duration
appears to be an adequate stimulus for muscle growth
and attenuation of age-related reductions in muscle
strength [40, 41]. Cross-sectional studies based on selfreported survey and accelerometry-derived physical
activity data showed that an increase in MVPA replacing
sedentary behavior and low-intensity PA was positively
associated with HGS [42, 43]. According to a recent study
also based on KNHANES (2014–2017) [44], adults performing less than 600 metabolic equivalents of aerobic
exercise were associated with low HGS. Several clinical
trials were conducted on middle-aged to older adults
with comorbidities to investigate the positive effect of
aerobic exercise on HGS [45–47]. Lo et al. [45] designed
12-week individualized aerobic exercise training combined with telephone-based motivational interviewing
for middle-aged and older adults with multimorbidity,
and demonstrated increased HGS in the intervention
group compared to comparison or control group receiving only telephone-based motivational interviewing
or usual care. Dos Anjos et al. [46] found that diabetic
elderly women who performed regular aerobic training composed of walking and free calisthenic exercises
achieved better functional capacity and increased HGS
over the period of 10-week compared to baseline.
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Table 3 Unadjusted and adjusted prevalence ratios for preserved HGS across the physical activity guideline adherence categories
Characteristics

Model 1 (unadjusted)
a

Unadjusted prevalence ratio (95%
CI)

Model 2 (adjusted)
p value

b

Adjusted prevalence ratio (95% CI)

p value

Male
Age 40 − 49 years
Neither

  Aerobic only
  Resistance only
  Combined
Age 50 − 59 years

1

1

1.011 (0.968 − 1.054)

0.632

1.040 (0.991 − 1.090)

0.111

1.031 (0.967 − 1.100)

0.355

  Neither

1

  Aerobic only

1.025 (0.972 − 1.081)

0.356

1.084 (1.027 − 1.143)

0.003

  Resistance only
  Combined
Age 60 − 69 years

1.055 (0.990 − 1.124)

0.098

  Neither

1
1.001 (0.910 − 1.101)

0.984

1.200 (1.100 − 1.310)

< 0.001

  Combined
Age 70 years and above

1.074 (0.961 − 1.201)

0.208

  Neither

1
1.357 (1.098 − 1.678)

0.005

1.965 (1.597 − 2.417)

< 0.001

  Combined
Female
Age 40 − 49 years

1.716 (1.385 − 2.126)

< 0.001

1

  Aerobic only

1.013 (0.976 − 1.052)

0.499

1.033 (0.980 − 1.089)

0.222

  Combined
Age 50 − 59 years

0.991 (0.913 − 1.074)

0.817

  Neither

1
1.045 (1.000 − 1.092)

0.052

1.107 (1.048 − 1.171)

< 0.001

  Combined
Age 60 − 69 years

1.128 (1.063 − 1.198)

< 0.001

  Neither

1
1.095 (1.027 − 1.168)

0.005

1.205 (1.107 − 1.313)

< 0.001

  Combined
Age 70 years and above

1.091 (0.978 − 1.218)

0.120

  Neither

1
1.291 (1.118 − 1.491)

0.001

1.896 (1.471 − 2.443)

< 0.001

  Combined

1.571 (1.265 − 1.952)

1.072 (1.006 − 1.142)

0.031

0.231

1.015 (0.917 − 1.124)

0.771

1.180 (1.070 − 1.300)

0.001

1.061 (0.941 − 1.197)

0.335

1.240 (0.991 − 1.551)

0.060

1.664 (1.323 − 2.092)

< 0.001

1.459 (1.158 − 1.839)

0.001

1.000 (0.961 − 1.040)

0.981

1.022 (0.967 − 1.080)

0.433

0.996 (0.919 − 1.080)

0.924

1.026 (0.973 − 1.081)

0.350

1.112 (1.045 − 1.184)

0.001

1.116 (1.036 − 1.203)

0.004

1

  Aerobic only
  Resistance only

0.945

1.044 (0.973 − 1.120)

1

  Aerobic only
  Resistance only

1.002 (0.943 − 1.065)

1

  Aerobic only
  Resistance only

0.446

0.784

1

  Neither

  Resistance only

1.021 (0.967 − 1.078)

1

  Aerobic only
  Resistance only

0.555

1.011 (0.937 − 1.090)

1

  Aerobic only
  Resistance only

1.014 (0.969 − 1.060)

1.073 (0.994 − 1.159)

0.072

1.188 (1.079 − 1.307)

< 0.001

1.115 (0.989 − 1.256)

0.076

1
< 0.001

1.137 (0.938 − 1.377)

0.190

1.408 (0.953 − 2.079)

0.086

1.191 (0.884 − 1.603)

0.251

Physical activity guideline adherence categories are composed of four groups: “neither” (Moderate to vigorous physical activity, MVPA 0–149 min/week and resistance
exercise 0–1 sessions/week); “aerobic only” (MVPA ≥ 150 min/week and resistance exercise 0–1 sessions/week); “resistance only” (resistance exercise ≥ 2 sessions/week
and MVPA 0–149 min/week); and “combined” (MVPA ≥ 150 min/week and resistance exercise ≥ 2 sessions/week)
a

Prevalence ratios were calculated using Poisson regression with a robust error variance

b

Prevalence ratio adjusted for smoking, alcohol consumption, body mass index, protein intake, fat intake, carbohydrate intake, hypertension, dyslipidemia, and
diabetes mellitus
HGS Handgrip strength, CI Confidence interval
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Fig. 1 Adjusted PR (95% CI) for preserved HGS, according to physical activity guideline adherence categories. PR, prevalence ratio; HGS, handgrip
strength

Consistent with the literature, our study showed that
meeting aerobic exercise guideline was positively associated with preserved HGS, but it was only observed
from older age groups (over 70 and 60 years in men and
women, respectively) and before adjusting for other
health-related variables (e.g., BMI and comorbidities).
This result implies that the beneficial effects of aerobic
exercise might be more prominent in the older population with underline health problems. Seong et al. [44]
also showed similar findings, in which the odds ratio
of lack of aerobic exercise for low HGS became higher
among hypertension and diabetes patients than the
odds ratio calculated from the total sample. A recent
longitudinal study has proven multimorbidity itself is
an important risk factor for sarcopenia [48]. As people

with multimorbidity and physical inactivity consist of
the most susceptible population to develop sarcopenia, the significance of metabolic and cardiovascular
benefits from aerobic exercise [49–51], which in turn
brings improved HGS, might be even greater in these
population.
In this study, participants following the combined exercise guidelines showed the highest prevalence of preserved HGS. Contrary to our results, a combination of
resistance and aerobic exercise has historically been associated with an “interference” effect, which indicates that
physiologic adaptations elicited by aerobic and resistance
exercise can interfere with each other when performed
together. This means that improvements in muscle size
and strength from resistance exercise can be attenuated

Sung et al. BMC Geriatrics
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by concurrently performed aerobic exercise [52, 53].
However, in the elderly population, the physiological
effects attained from a combined exercise training were
similar as compared to resistance or aerobic alone, indicating no evidence of the “interference” effect [24–26,
54]. Furthermore, a few previous studies indicated that
combining two exercise modes, compared to either mode
alone, was the most effective way to simultaneously
improve muscle strength, aerobic fitness, and physical
function in the elderly. Timmons et al. [24]. implemented
12-week time-matched intervention programs consisting of aerobic only, resistance only, and combined exercise in older adults, and found that the combined exercise
program showed improved gait speed and lower limb
strength than a single exercise mode. Additionally, Wood
et al. [25]. found that the 12-week combined exercise
regime enhanced arm strength and agility more than by
the resistance or aerobic exercise alone.
There is ambiguity in establishing definitive and more
specific exercise recommendations for sarcopenia [13].
This is because considerable heterogeneity exists in
exercise intervention programs among randomized controlled trials conducted to assess the effects of exercise on
sarcopenia parameters [14, 27], and studies on the comparative effectiveness of different exercise interventions
are lacking [20]. However, recent evidences from systematic reviews and meta-analyses indicated that multicomponent exercises incorporating aerobic, balance, gait,
or flexibility trainings in addition to resistance training is
the most effective way to alleviate functional decline and
improve strength in frail older adults [16–18], which is
consistent with our findings.
We also investigated the relationship between PA patterns and HGS according to sex and age groups. Younger
age groups (age 40–49 years) did not show an association between exercise patterns and HGS; in the oldest
age group (above 70 years), the effect of exercise on HGS
was only observed in men. There has been a controversy
regarding whether the age-related decline in muscle
strength and response to exercises could be sex-specific
[28, 55]. In most studies, males achieved greater absolute increases in muscle mass and strength in response to
exercise training than females. Yet, others reported similar or higher relative strength gains in females. Previous
studies have indicated that hormonal factors play a significant role in sex-based differences in neuromuscular
adaptations to exercise, which include disparities in muscle fatigability, perfusion, and the time course of recovery [55]. Furthermore, previous studies investigated the
relationship between PA and muscle volume and physical
performance tests over the lifespan, and reported greater
benefit of physical activity engagement in men than in
women [56, 57]. This is in agreement with our results
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of stronger association of PA in preserving HGS in men
than in women observed in the oldest age group. Further
research is required to clarify the age- and sex-related differences in the development of sarcopenia, which would
help in designing the most suitable exercise intervention
programs individually according to these factors.
Our study has several limitations. First, we used selfreported measures of MVPA and resistance exercise
performance, which is subject to recall bias. Under- or
over-reporting due to social desirability, is possible.
However, this limitation might not significantly bias our
results because the KNHANES uses standardized selfreport instruments for public health surveillance, and
the recruited subject numbers were sufficient to decrease
bias. Future studies with objective PA assessment using
accelerometry can improve the accuracy of the collected
data. However, objective recording of resistance exercise
performance is still difficult with accelerometry. Second, the inferences of causality could not be determined
because of the cross-sectional study design. Considering
the cross-sectional design of our study, reverse causality
or protopathic bias should be considered in interpreting
our results. The healthy cohort effect might be suggested
as in younger participants, the overall impact of comorbidities and physical activity behaviors over HGS can
be lower than in older adults. Moreover, healthy older
adults with higher HGS tend to engage in regular and
more intensive PA because they have better physical and
organic reserves to perform those exercises. Future longitudinal studies could better determine the temporal order
of the association between the PA patterns and HGS.
Third, information about muscle mass and physical performance (e.g., gait speed, timed up and go), which are
also important components of sarcopenia diagnosis, was
not available as data were derived from a standardized
national survey that did not include those assessments.
Further studies with a comprehensive assessment of all
three components of sarcopenia in a large population are
needed to better describe the relationship between the
PA patterns and prevention of sarcopenia.

Conclusion
Our study investigated the association between daily PA
patterns and HGS using national representative data in
Korea. Although there were some differences depending on age and sex, participants who reported habitually
acquiring a sufficient amount of both aerobic and resistance exercises were associated with the highest prevalence
of preserved HGS. Combined aerobic and resistance exercise training should be considered when conducting future
clinical trials to design an effective preventive strategy
against sarcopenia in middle-aged and older adults.

Sung et al. BMC Geriatrics

(2022) 22:676

Page 10 of 11

Abbreviations
PA: Physical activity; HGS: Handgrip strength; MVPA: Moderate-to-vigorousintensity physical activity; PR: Prevalence ratio; APR: Adjusted prevalence ratio.

3.

Supplementary Information

4.

The online version contains supplementary material available at https://doi.
org/10.1186/s12877-022-03293-z.
Additional file 1:Supplemental Table 1. Unadjusted and adjusted
prevalence ratios for preserved HGS across the physical activity guideline
adherence categories (preserved HGS was defined by equal or above 27.0
kg for men and 16.0 kg for women based on the EWGSOP2). Supplemental Table 2. HGS by sex, age group, and physical activity guideline
adherence.
Acknowledgements
We thank the team of the Korea National Health and Nutrition Examination
Survey (KNHANES) and Korea Centers for Disease Control and Prevention
(KCDC) for providing the original KNHANES data.
Authors’ contributions
J.H.S, study concept and design, drafting of the manuscript; S.R.S. data cura‑
tion, statistical analysis of data. SHB, quality assurance and interpretation of
data; B.J.K, study concept and design, funding acquisition, reviewing & editing
of the manuscript. All authors have read and approved the final manuscript.
Funding
This work was supported by the Industrial Technology Innovation Program(No.
20008842), funded by the Ministry of Trade, Industry & Energy(MOTIE, Korea).
Availability of data and materials
The dataset used in this study are available in a public, open access KNHANES
repository. (https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02_05.do).

5.
6.

7.

8.
9.

10.
11.

12.

Declarations
Ethics approval and consent to participate
Data collection was performed after approval by the Institutional Review
Board (IRB) of the Korean Centers for Disease Control and Prevention (approval
number: 2018–01-03-P-A) and conducted in accordance with the Declara‑
tion of Helsinki. The requirement for informed consent was waived by Korean
Centers for Disease Control and Prevention ethics committee as anonymous
and de-identified information was used.

13.
14.

15.

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Neurology, Korea University Anam Hospital, Korea University
College of Medicine, 73, Goryeodae‑ro, Seongbuk‑gu, Seoul 02841, Republic
of Korea. 2 Department of Biostatistics, Korea University College of Medicine,
Seoul, Republic of Korea. 3 BK21FOUR R&E Center for Learning Health Systems,
Korea University, Seoul, Republic of Korea.

16

17.

18.

Received: 21 April 2022 Accepted: 5 July 2022
19.

References
1. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. 2019;393:2636–46. https://
doi.org/10.1016/s0140-6736(19)31138-9.
2. Dodds RM, Syddall HE, Cooper R, Benzeval M, Deary IJ, Dennison EM, et al.
Grip strength across the life course: normative data from twelve British

20.

studies. PLoS One. 2014;9:e113637. https://doi.org/10.1371/journal.pone.
0113637.
Dodds RM, Roberts HC, Cooper C, Sayer AA. The Epidemiology of Sar‑
copenia. J Clin Densitom. 2015;18:461–6. https://doi.org/10.1016/j.jocd.
2015.04.012.
Fernandes LV, Paiva AEG, Silva ACB, de Castro IC, Santiago AF, de Oliveira
EP, et al. Prevalence of sarcopenia according to EWGSOP1 and EWGSOP2
in older adults and their associations with unfavorable health outcomes:
a systematic review. Aging Clin Exp Res. 2022;34:505–14. https://doi.org/
10.1007/s40520-021-01951-7.
Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age
Ageing. 2019;48:16–31. https://doi.org/10.1093/ageing/afy169.
Duchowny KA, Clarke PJ, Peterson MD. Muscle weakness and physical
disability in older Americans: longitudinal findings from the U.S. Health
and retirement study. J Nutr Health Aging. 2018;22:501–7. https://doi.org/
10.1007/s12603-017-0951-y.
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 epidemiologi‑
cal studies: towards a standardised approach. Age Ageing. 2011;40:423–9.
https://doi.org/10.1093/ageing/afr051.
Sayer AA, Kirkwood TB. Grip strength and mortality: a biomarker of
ageing? Lancet. 2015;386:226–7. https://doi.org/10.1016/s0140-6736(14)
62349-7.
Soysal P, Hurst C, Demurtas J, Firth J, Howden R, Yang L, et al. Hand‑
grip strength and health outcomes: Umbrella review of systematic
reviews with meta-analyses of observational studies. J Sport Health Sci.
2021;10:290–5. https://doi.org/10.1016/j.jshs.2020.06.009.
Landi F, Marzetti E, Martone AM, Bernabei R, Onder G. Exercise as a
remedy for sarcopenia. Curr Opin Clin Nutr Metab Care. 2014;17:25–31.
https://doi.org/10.1097/mco.0000000000000018.
Dent E, Morley JE, Cruz-Jentoft AJ, Arai H, Kritchevsky SB, Guralnik J, et al.
International Clinical Practice Guidelines for Sarcopenia (ICFSR): screen‑
ing, diagnosis and management. J Nutr Health Aging. 2018;22:1148–61.
https://doi.org/10.1007/s12603-018-1139-9.
Xie WQ, Xiao GL, Hu PW, He YQ, Lv S, Xiao WF. Possible sarcopenia:
early screening and intervention-narrative review. Ann Palliat Med.
2020;9:4283–93. https://doi.org/10.21037/apm-20-967.
Vlietstra L, Hendrickx W, Waters DL. Exercise interventions in healthy older
adults with sarcopenia: a systematic review and meta-analysis. Australas J
Ageing. 2018;37:169–83. https://doi.org/10.1111/ajag.12521.
de Mello RGB, Dalla Corte RR, Gioscia J, Moriguchi EH. Effects of physical
exercise programs on sarcopenia management, dynapenia, and physical
performance in the elderly: a systematic review of randomized clinical tri‑
als. J Aging Res. 2019;2019:1959486. https://doi.org/10.1155/2019/1959486.
Cadore EL, Rodríguez-Mañas L, Sinclair A, Izquierdo M. Effects of different
exercise interventions on risk of falls, gait ability, and balance in physically
frail older adults: a systematic review. Rejuvenation Res. 2013;16:105–14.
https://doi.org/10.1089/rej.2012.1397.
Jadczak AD, Makwana N, Luscombe-Marsh N, Visvanathan R, Schultz TJ.
Effectiveness of exercise interventions on physical function in commu‑
nity-dwelling frail older people: an umbrella review of systematic reviews.
JBI Database System Rev Implement Rep. 2018;16:752–75. https://doi.
org/10.11124/jbisrir-2017-003551.
Bao W, Sun Y, Zhang T, Zou L, Wu X, Wang D, et al. Exercise programs
for muscle mass, muscle strength and physical performance in older
adults with sarcopenia: a systematic review and meta-analysis. Aging Dis.
2020;11:863–73. https://doi.org/10.14336/ad.2019.1012.
Labott BK, Bucht H, Morat M, Morat T, Donath L. Effects of exercise
training on handgrip strength in older adults: a meta-analytical review.
Gerontology. 2019;65:686–98. https://doi.org/10.1159/000501203.
Talar K, Hernández-Belmonte A, Vetrovsky T, Steffl M, Kałamacka E, CourelIbáñez J. Benefits of Resistance Training in Early and Late Stages of Frailty
and Sarcopenia: A Systematic Review and Meta-Analysis of Randomized
Controlled Studies. J Clin Med. 2021;10. https://doi.org/10.3390/jcm10
081630.
Lai CC, Tu YK, Wang TG, Huang YT, Chien KL. Effects of resistance training,
endurance training and whole-body vibration on lean body mass, muscle
strength and physical performance in older people: a systematic review
and network meta-analysis. Age Ageing. 2018;47:367–73. https://doi.org/
10.1093/ageing/afy009.

Sung et al. BMC Geriatrics

(2022) 22:676

21. Konopka AR, Harber MP. Skeletal muscle hypertrophy after aerobic exer‑
cise training. Exerc Sport Sci Rev. 2014;42:53–61. https://doi.org/10.1249/
jes.0000000000000007.
22. Pikosky MA, Gaine PC, Martin WF, Grabarz KC, Ferrando AA, Wolfe RR, et al.
Aerobic exercise training increases skeletal muscle protein turnover in
healthy adults at rest. J Nutr. 2006;136:379–83. https://doi.org/10.1093/jn/
136.2.379.
23. Brightwell CR, Markofski MM, Moro T, Fry CS, Porter C, Volpi E, et al. Mod‑
erate-intensity aerobic exercise improves skeletal muscle quality in older
adults. Transl Sports Med. 2019;2:109–19. https://doi.org/10.1002/tsm2.70.
24. Timmons JF, Minnock D, Hone M, Cogan KE, Murphy JC, Egan B. Compari‑
son of time-matched aerobic, resistance, or concurrent exercise training
in older adults. Scand J Med Sci Sports. 2018;28:2272–83. https://doi.org/
10.1111/sms.13254.
25. Wood RH, Reyes R, Welsch MA, Favaloro-Sabatier J, Sabatier M, Matthew
Lee C, et al. Concurrent cardiovascular and resistance training in healthy
older adults. Med Sci Sports Exerc. 2001;33:1751–8. https://doi.org/10.
1097/00005768-200110000-00021.
26. Karavirta L, Häkkinen K, Kauhanen A, Arija-Blázquez A, Sillanpää E, Rinki‑
nen N, et al. Individual responses to combined endurance and strength
training in older adults. Med Sci Sports Exerc. 2011;43:484–90. https://doi.
org/10.1249/MSS.0b013e3181f1bf0d.
27. Moore SA, Hrisos N, Errington L, Rochester L, Rodgers H, Witham M, et al.
Exercise as a treatment for sarcopenia: an umbrella review of systematic
review evidence. Physiotherapy. 2020;107:189–201. https://doi.org/10.
1016/j.physio.2019.08.005.
28. Roberts BM, Nuckols G, Krieger JW. Sex differences in resistance training: a
systematic review and meta-analysis. J Strength Cond Res. 2020;34:1448–
60. https://doi.org/10.1519/jsc.0000000000003521.
29. Distefano G, Goodpaster BH. Effects of Exercise and Aging on Skeletal
Muscle. Cold Spring Harb Perspect Med. 2018;8. https://doi.org/10.1101/
cshperspect.a029785.
30. Armstrong T, Bull F. Development of the world health organization
global physical activity questionnaire (GPAQ). J Public Health (Bangkok).
2006;14:66–70. https://doi.org/10.1007/s10389-006-0024-x.
31. Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire
(GPAQ): nine country reliability and validity study. J Phys Act Health.
2009;6:790–804. https://doi.org/10.1123/jpah.6.6.790.
32. Lee J, Lee C, Min J, Kang DW, Kim JY, Yang HI, et al. Development of the Korean
global physical activity questionnaire: reliability and validity study. Glob Health
Promot. 2020;27:44–55. https://doi.org/10.1177/1757975919854301.
33. Sung JH, Son SR, Baek SH, Kim BJ. Association of occupation with the
daily physical activity and sedentary behaviour of middle-aged workers
in Korea: a cross-sectional study based on data from the Korea national
health and nutrition examination survey. BMJ Open. 2021;11:e055729.
https://doi.org/10.1136/bmjopen-2021-055729.
34. Lopez P, Pinto RS, Radaelli R, Rech A, Grazioli R, Izquierdo M, et al. Benefits
of resistance training in physically frail elderly: a systematic review. Aging
Clin Exp Res. 2018;30:889–99. https://doi.org/10.1007/s40520-017-0863-z.
35. Short KR, Vittone JL, Bigelow ML, Proctor DN, Nair KS. Age and aerobic
exercise training effects on whole body and muscle protein metabolism.
Am J Physiol Endocrinol Metab. 2004;286:E92-101. https://doi.org/10.
1152/ajpendo.00366.2003.
36. Harber MP, Konopka AR, Douglass MD, Minchev K, Kaminsky LA, Trappe TA,
et al. Aerobic exercise training improves whole muscle and single myofiber
size and function in older women. Am J Physiol Regul Integr Comp Physiol.
2009;297:R1452–9. https://doi.org/10.1152/ajpregu.00354.2009.
37. Phillips T, Leeuwenburgh C. Muscle fiber specific apoptosis and TNFalpha signaling in sarcopenia are attenuated by life-long calorie restric‑
tion. FASEB J. 2005;19:668–70. https://doi.org/10.1096/fj.04-2870fj e.
38. Chung HY, Cesari M, Anton S, Marzetti E, Giovannini S, Seo AY, et al.
Molecular inflammation: underpinnings of aging and age-related diseases.
Ageing Res Rev. 2009;8:18–30. https://doi.org/10.1016/j.arr.2008.07.002.
39. Janssen I, Ross R. Linking age-related changes in skeletal muscle mass
and composition with metabolism and disease. J Nutr Health Aging.
2005;9:408–19.
40. Rosique-Esteban N, Babio N, Díaz-López A, Romaguera D, Alfredo Mar‑
tínez J, Sanchez VM, et al. Leisure-time physical activity at moderate and
high intensity is associated with parameters of body composition, mus‑
cle strength and sarcopenia in aged adults with obesity and metabolic

Page 11 of 11

41.
42.

43.

44.

45.

46.

47.

48.

49.
50.

51.
52.
53.

54.
55.

56.

57.

syndrome from the PREDIMED-Plus study. Clin Nutr. 2019;38:1324–31.
https://doi.org/10.1016/j.clnu.2018.05.023.
Crane JD, Macneil LG, Tarnopolsky MA. Long-term aerobic exercise is asso‑
ciated with greater muscle strength throughout the life span. J Gerontol A
Biol Sci Med Sci. 2013;68:631–8. https://doi.org/10.1093/gerona/gls237.
Spartano NL, Lyass A, Larson MG, Tran T, Andersson C, Blease SJ, et al.
Objective physical activity and physical performance in middle-aged and
older adults. Exp Gerontol. 2019;119:203–11. https://doi.org/10.1016/j.
exger.2019.02.003.
Sánchez-Sánchez JL, Mañas A, García-García FJ, Ara I, Carnicero JA, Walter
S, et al. Sedentary behaviour, physical activity, and sarcopenia among
older adults in the TSHA: isotemporal substitution model. J Cachexia
Sarcopenia Muscle. 2019;10:188–98. https://doi.org/10.1002/jcsm.12369.
Seong JY, Ahn HY, Park Y, Shin S, Ha IH. Association between aerobic
exercise and handgrip strength in adults: a cross-sectional study based
on data from the Korean national health and nutrition examination
survey (2014–2017). J Nutr Health Aging. 2020;24:619–26. https://doi.org/
10.1007/s12603-020-1372-x.
Lo YP, Chiang SL, Lin CH, Liu HC, Chiang LC. Effects of Individualized
Aerobic Exercise Training on Physical Activity and Health-Related Physical
Fitness among Middle-Aged and Older Adults with Multimorbidity: A
Randomized Controlled Trial. Int J Environ Res Public Health. 2020;18.
https://doi.org/10.3390/ijerph18010101.
Dos Anjos DMDC, Moreira BS, Kirkwood RN, Dias RC, Pereira DS, Pereira LSM.
Effects of aerobic exercise on functional capacity, anthropometric measure‑
ments and inflammatory markers in diabetic elderly women. J Bodyw Mov
Ther. 2017;21:509–16. https://doi.org/10.1016/j.jbmt.2016.07.012.
Krase AA, Terzis G, Giannaki CD, Stasinaki AN, Wilkinson TJ, Smith AC,
et al. Seven months of aerobic intradialytic exercise training can prevent
muscle loss in haemodialysis patients: an ultrasonography study. Int Urol
Nephrol. 2022;54:447–56. https://doi.org/10.1007/s11255-021-02931-6.
Veronese N, Smith L, Cereda E, Maggi S, Barbagallo M, Dominguez LJ,
et al. Multimorbidity increases the risk for sarcopenia onset: Longitudinal
analyses from the English Longitudinal Study of Ageing. Exp Gerontol.
2021;156:111624. https://doi.org/10.1016/j.exger.2021.111624.
Dimeo F, Pagonas N, Seibert F, Arndt R, Zidek W, Westhoff TH. Aerobic
exercise reduces blood pressure in resistant hypertension. Hypertension.
2012;60:653–8. https://doi.org/10.1161/hypertensionaha.112.197780.
Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR,
et al. Exercise and type 2 diabetes: the American College of Sports Medi‑
cine and the American Diabetes Association: joint position statement.
Diabetes Care. 2010;33:e147–67. https://doi.org/10.2337/dc10-9990.
Nystoriak MA, Bhatnagar A. Cardiovascular effects and benefits of exercise.
Front Cardiovasc Med. 2018;5:135. https://doi.org/10.3389/fcvm.2018.00135.
Hickson RC. Interference of strength development by simultaneously
training for strength and endurance. Eur J Appl Physiol Occup Physiol.
1980;45:255–63. https://doi.org/10.1007/bf00421333.
Gäbler M, Prieske O, Hortobágyi T, Granacher U. The effects of concurrent
strength and endurance training on physical fitness and athletic perfor‑
mance in youth: a systematic review and meta-analysis. Front Physiol.
2018;9:1057. https://doi.org/10.3389/fphys.2018.01057.
Villareal DT, Aguirre L, Gurney AB, Waters DL, Sinacore DR, Colombo E,
et al. Aerobic or resistance exercise, or both, in dieting obese older adults.
N Engl J Med. 2017;376:1943–55. https://doi.org/10.1056/NEJMoa1616338.
Hagstrom AD, Marshall PW, Halaki M, Hackett DA. The effect of resistance
training in women on dynamic strength and muscular hypertrophy: a sys‑
tematic review with meta-analysis. Sports Med. 2020;50:1075–93. https://
doi.org/10.1007/s40279-019-01247-x.
Yang L, Smith L, Hamer M. Gender-specific risk factors for incident
sarcopenia: 8-year follow-up of the English longitudinal study of ageing.
J Epidemiol Community Health. 2019;73:86–8. https://doi.org/10.1136/
jech-2018-211258.
Rivera JJ, Fonseca-Sanchez MA, Rodriguez P, Garcia JM, Palma I, Aristi
G, et al. Physical activity protects men but not women for sarcopenia
development. Gerontol Geriatr Med. 2016;2:2333721416667879. https://
doi.org/10.1177/2333721416667879.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

