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Abstract.

BACKGROUND: Sedentary behavior is widespread among older adults and accelerates the decline of motor function. Neverthe-
less, there is insufficient evidence concerning the effectiveness of regular exercise in enhancing the same in sedentary older adults.
OBJECTIVE: To compare the effects of 24 weeks of aerobic and combined aerobic-resistance exercise on the motor function of
sedentary older adults.

METHODS: Sixty healthy sedentary older (65-80 years) were randomly enrolled. Participants were randomly divided into 3
groups (1:1:1): aerobic exercise group (AEG), combined aerobic-resistance exercise group (CEG), and health education group
(HEG). The training group underwent a five-day-a-week regimen, with each session lasting for 40 minutes (including 10 min
warm-up and cool-down). HEG received only monthly health lectures. We assessed lower limb muscle strength (30-second
sit-to-stand ability), single-dual task gait, static and dynamic balance functions at baseline and after 24 weeks of intervention using
per-protocol analysis.

RESULTS: Among 60 elderly healthy who were randomized (mean age 70.59 &+ 3.31 years; 28 women (46%)), 42 (70%)
completed the evaluation after 24 weeks. Both the aerobic exercise and combined aerobic-resistance exercise groups exhibited
improved 30-second sit-to-stand ability, static balance in closed-eye standing mode, and dynamic balance (P < 0.05). However,
there were no statistically significant changes in the single-task gait parameters of stride length, stride width, and stride speed
(P > 0.05). Additionally, compared to the aerobic exercise group, the combined exercise group showed an increase in dual-task
gait speed and medial and lateral dynamic stability indices (P < 0.05).
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CONCLUSION: Both the aerobic exercise and combined aerobic-resistance exercise programs are effective in enhancing lower
limb muscle strength, dynamic balance, and static balance while standing with eyes closed in sedentary older adults. Furthermore,
the combined aerobic-resistance exercise program is more effective in improving dual-task gait speed as well as medial and lateral

dynamic balance.
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1. Introduction

Physical inactivity and sedentary lifestyles are ram-
pant worldwide, resulting in an upsurge of health prob-
lems. Sedentary behavior has various harmful effects
on the body, activating mechanisms such as metabolic
disorders and endocrine dysregulation, which increase
the risk of chronic diseases, systemic dysfunction, and
all-cause mortality. Among all age groups, the elderly
individuals exhibit the highest levels of sedentary be-
havior. Given the increased vulnerability of the elderly
to chronic diseases, it is critical to provide greater atten-
tion to the sedentary elderly population and implement
appropriate prevention and intervention measures [ 1-4].

The aging process is usually accompanied by an at-
tenuation of physiological functions, which not only
involves the onset of age-related chronic diseases but
also encompasses functional decline. Motor functions,
include muscle strength, balance control, and walk-
ing stability; they deteriorate with age, leading to an
increased risk of falls among the elderly [5]. Among
these motor functions, muscle strength is particularly
vulnerable, with older adults experiencing an approxi-
mate annual loss of 3% in muscle strength and 1-2%
in muscle mass [6]. Significantly, sedentary behavior
is identified as an independent risk factor for declining
motor function in older adults, irrespective of aging
itself [7]. Existing studies have indicated that extended
sedentary behavior in older adults leads to a reduction
in lean body mass percentage, along with decreases in
muscle mass and strength, and impaired balance con-
trol and walking performance. This type of evidence
underscores the elevated risk of falls and sarcopenia
among sedentary older adults, which arise due to both
structural and overall motor function changes [8—11].

Regular physical activity has a strong correlation
with a decreased risk of falls in older adults, which
can be attributed to its positive effects on gait perfor-
mance, balance control, and muscle strength [5,10,11].
Consequently, physical activity guidelines recommend
that older adults engage in a minimum of 150 min-
utes of exercise per week to reap the benefits of good
health. However, sedentary older adults often fail to
meet the recommended guidelines [12—14]. For enhanc-
ing physical function and reducing the risk of falls in

older adults, aerobic exercise and resistance training
are both recommended as primary forms of exercise.
Aerobic exercise enhances cardiovascular adaptation
and induces changes in skeletal muscle metabolism,
whereas resistance training improves muscle strength
and mass [15-17].

Research indicates that even when performed below
the recommended duration in the guidelines, aerobic
exercise and combined aerobic-resistance exercise can
still improve physical function in older adults. Addition-
ally, combined aerobic-resistance exercise appears to be
more effective than aerobic exercise alone in reducing
the risk of falls among older adults [18-20]. However,
it must be noted that given the detrimental effects of
extended sedentary behavior on physical function in
older adults, sedentary individuals may require more
extended intervention periods of exercise to achieve
equivalent health benefits to those of non-sedentary
individuals. Nevertheless, the optimal exercise dura-
tion for enhancing physical function in sedentary older
adults remains ambiguous.

Considering the insufficient exercise motivation and
poor physical fitness factors regularly observed among
sedentary older adults, the purpose of this study is to
examine the intervention effects of 24 weeks of aerobic
exercise and combined aerobic-resistance exercise on
the physical function of this population, while adher-
ing to the recommended duration specified in physical
activity guidelines. We hypothesize that both aerobic
exercise and combined aerobic-resistance exercise will
result in varying degrees of improvement in the physi-
cal function of sedentary older adults, with combined
exercise demonstrating better outcomes than aerobic
exercise alone.

2. Material and methods
2.1. Participants and recruitment

Elder healthy (65-80 years old) were recruited in
communities from June to July, 2020 in Shenyang,
Liaoning Province, China. To determine whether the
participants met the criteria for sedentary behavior (en-
ergy expenditure < 1.5 METs while being in a sitting
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or lying position), we recorded their MET using ac-
celerometers. These criteria were based on the guide-
lines of the Sedentary Behavior Research Network [21].
Inclusion and exclusion criteria were screened by a
clinician.

2.2. Study design

This 24-week, single-center, single-blind, three-
arm, controlled trial was conducted in accordance
with the Declaration of Helsinki and approved by the
Ethics Committee of Shenyang Sport University (code:
2020[3]). A total of 86 volunteers were initially as-
sessed for eligibility, of which 60 were randomized in
a 1:1:1 fashion (computer generated randomization) to
three groups: aerobic exercise group (AEG, n = 20),
combined aerobic-resistance exercise group (CEG, n =
20), and health education group (HEG, n = 20) (shown
in Fig. 1). Prior to baseline measurements, interventions
were delivered to each participant individually in sealed
opaque containers.

2.2.1. Inclusion criteria

(1) Aged 65-80 years; (2) energy expenditure < 1.5
METs while in a sitting or lying position; (3) Living
independently, in good health, and able to complete
the planned exercise program; (4) Signed an informed
consent form.

2.2.2. Exclusion criteria

(1) Suffering from mental or cognitive disorders
causing unable to cooperate; (2) Cardiovascular dis-
eases that do not limit exercise, such as arrhythmia, his-
tory of angina pectoris, hypertension, coronary artery
disease, myocardial infarction and heart valve disease;
(3) Suffering from endocrine system diseases such as
diabetes, gout, osteoporosis and obesity; (4) Suffering
from benign or malignant neoplastic diseases; (5) Any
neurological and musculoskeletal disorders that unable
to complete the planned exercise program are excluded.

2.2.3. Intervention

The exercise groups underwent a 24-week uninter-
rupted exercise regimen supervised by a clinical ex-
ercise physiologist (CEP). The regimen was designed
according to the physical activity recommendations
for older adults issued by the published guidelines of
the World Health Organization guidelines [12] and
the American College of Sports Medicine [13]. These
guidelines dictate that individuals aged 60 and over
should engage in at least 150 minutes of moderate-
intensity exercise every week. Prior to the intervention,
all participants received training and were made aware
of the exercise intervention program.

2.2.4. Aerobic exercise group

The aerobic exercise protocol consisted of a 5-
min warm-up (at 50-60% of maximum heart rate)
and 30 min of power cycling aerobics training (at
60-70% maximum heart rate), and a final 5-minute
cooldown [22]. To monitor participant exercise inten-
sity during training, a heart rate monitor (Polar Elec-
tro, Kempele, Finland) was utilized. The resistance of
the power bicycle was adjusted to maintain the pre-
scribed exercise intensity level and allow participants
to successfully complete their aerobic training.

2.2.5. Combined exercise group

Combined exercise training consisted of aerobic and
resistance exercise with the same duration as the aero-
bic group. The combined exercise group consisted of
approximately 10 minutes of elastic band resistance
exercise and 20 minutes of power cycling aerobic ex-
ercise (60—70% of maximum heart rate), each training
beginning with a 5-minute warm-up and ending with a
5-minute cool-down. Resistance training includes band
resistance exercises for the triceps, quadriceps, glutes
and hamstrings of the calf, including four resistance
movements: heel lifts, lunges, kicks and knee flexion.
Two sets of training were completed for each of these
four movements, with 8—12 repetitions per set. The in-
tensity of resistance training was gradually increased
from 50% to 70% of the maximum muscle strength
(IRM) measured before the start of the intervention
program. The participants’ 1-RM was assessed every
4 weeks, and the resistance training intensity was ad-
justed accordingly during the training period. Partici-
pants were continuously monitored for heart rate and
received supervision from clinicians throughout their
training.

2.2.6. Health education group

The health education group attended a 30-minute
health education lecture every month for 24 weeks, de-
livered by the exercise physiologist via PowerPoint.
The lecture topics included sedentary behavior, exer-
cise for the health of older adults, and other relevant
information. Additionally, it was emphasized that older
adults should engage in regular physical activity and
minimize sedentary time.

2.3. Measurements
The participants’ basic data (including age, height,

weight, and blood pressure) were assessed by a dedi-
cated research assistant. The remaining motor function
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Fig. 1. Study flow chart. AEG, aerobic exercise group; CEG, combined aerobic-resistance group; HEG, health education group.

tests and data collection were conducted by scientific
staff who were blinded to the participants’ study proto-
col assignment, both before the start of the trial and at
the end of the 24-week intervention.

2.3.1. Sedentary behavior measurements

The inclusion criteria for sedentary people defined
sedentary behavior as “any waking behavior charac-
terized by energy expenditure < 1.5 METs in sitting
or lying position” according to the Sedentary Behav-
ior Research Network [21]. The MET was tested us-
ing accelerometers (Actigraph GT3X, USA), an instru-
ment widely used in physical activity measurement,
whose reliability and validity of measurement have been

proven [23]. Participants were informed of the content,
purpose, and requirements of the measurement prior to
data collection and were asked to wear the accelerom-
eter for one week. The accelerometer was uniformly
fixed on the right anterior superior iliac spine. Partici-
pants were advised to wear the accelerometer for a min-
imum of 10 hours per day, except during bathing, swim-
ming, and other water-based exercises. Data collected
from the accelerometer were analyzed and processed
using ActiLife 5.0 software.

2.3.2. 30-s chair stand test
The chair stand test is a reliable and convenient
method of measuring lower limb muscle strength in
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older adults and is useful for predicting the risk of falls
in this population [24]. Lower limb muscle strength
was assessed by measuring the number of repetitions
of standing-sitting within 30 seconds. A higher num-
ber of repetitions indicates better lower limb muscle
strength [25].

2.3.3. Single and dual task gait test

During the single-dual task, gait parameters were
recorded using the Footscan gait analysis system
(RsScan International, Olen, Belgium), following the
same test procedures as in our previous study [26].
Participants were given three practice sessions on the
force plate prior to the formal test to familiarize them-
selves with the experimental environment and ensure
compliance with the experimental standards. During
the test, participants walked barefoot on the platform
at a customary speed for three trials. For the dual-task
test, participants simultaneously performed a numeric
arithmetic task while walking, as directed by the tester.
The gait parameters collected included gait speed, step
length, and step width in both single and dual gait tasks,
and the results of the experiment were averaged over
the three experiments for analysis.

2.3.4. Static and dynamic balance

Static balance was tested with a Good Balance
system (Metitur Oy, Jyvaskyla, Finland). During the
static balance test, participants completed four differ-
ent modes of standing, including standing on the left
leg with eyes open, standing on the right leg with eyes
open, standing on the left leg with eyes closed, and
standing on the right leg with eyes closed. The test was
performed with the participants standing barefoot, arms
resting on both sides of the body, body stationary, and
eyes looking directly at the screen. The participants
stood on one leg with the supporting leg in the center of
the dynamometer and the other leg bent at 90°, main-
taining balance for 20 s. Each test was repeated three
times for each movement, with 2 minutes of rest be-
tween tests. The static balance test parameters included
the average center of pressure X (COP-X) and average
center of pressure Y (COP-Y).

As the Good Balance system is unable to perform dy-
namic balance tests, dynamic balance was tested using
the Techno-body Prokin (Technobody Inc, Italy), where
the participants stood on an unstable platform. To avoid
potential injury due to the high demands placed on older
adults during closed-eye dynamic balance testing, only
open-eye bipedal stance was assessed. The testing re-
quirements were the same as those for static balance.

The parameters of the dynamic balance test included
the Overall Stability Index (OSI), the Anterior-Posterior
Stability Index (APSI), and the Medial-Lateral Stability
Index (MLSI). A higher stability index indicates poorer
stability for the participants.

2.4. Statistical analysis

Outcome analyses were conducted using a per pro-
tocol set (PPS) analysis of participants who completed
the full 24-week study and were compliant with the
protocol. Data were analyzed using SPSS version 25.0,
and the normality of the data was assessed using the
Shapiro-Wilk test. If the data were found to be non-
normally distributed, they were inverted and trans-
formed to meet the requirements of a normal distribu-
tion. Baseline characteristics of the groups were com-
pared using a one-way ANOVA, and the effects of the
different interventions were assessed using a 3 (group)
x 2 (time) ANOVA, with Bonferroni used for post hoc
test. All parameters were expressed using mean =+ stan-
dard deviation or median, and the significance level was
set at P < 0.05.

3. Results
3.1. Participants’ characteristics

The flow of participants throughout the study is
shown in Fig. 1. Among 60 elderly healthy who
were randomized (mean age 70.59 £ 3.31 years; 28
women (46%)), 42 (70%) completed the evaluation af-
ter 24 weeks. The basic characteristics of the partic-
ipants are shown in Table 1. There were no signifi-
cant differences in age, height, weight, blood pressure,
heart rate, and MET between the groups at baseline.
Additionally, there were no significant differences in
30-second chair stand, single-dual task gait parameters,
and static and dynamic balance parameters between the
groups at baseline.

3.2. Outcome of 30-s chair stand

Significant main effects over time and time x group
interaction effects were observed for the 30-second
chair stand (P < 0.001). Over the 24 weeks of the inter-
vention, there was a significant increase in the number
of 30-second chair stands in both the aerobic and com-
bined aerobic-resistance exercise groups (AER: P <
0.001; CEX: P < 0.001), while no significant change
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Table 1
Baseline characteristics of participants
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Aerobic exercise group

Combined group

Health education group

Variables (n = 14) (n = 14) (n = 14) P value
Age (years) 70.20 & 3.38 70.03 £ 2.58 71.21 £3.40 0.568
Height(meters) 1.63 +0.84 1.64 +0.74 1.62 +0.74 0.814
Weight (kg) 67.54 £+ 7.66 6591 = 11.54 65.85 +9.61 0.659
SPB (mmHg) 129.71 £ 4.25 126.21 + 6.96 128.71 4 5.66 0.263
DBP (mmHg) 80.43 £5.03 81.14 £17.78 83.07 £ 4.12 0.473
HR (bpm) 81.71 £ 10.05 81.36 £+ 10.68 76.29 + 10.556 0.317
MET 1.26 + 0.05 1.27 + 0.06 1.28 + 0.07 0.560
30-s chair stand test (rps) 10.64 £ 2.71 10.64 + 1.55 10.50 = 1.69 0.978
Single task gait
Gait speed (m/s) 1.49 £0.13 1.48 £0.13 1.49 + 0.08 0.971
Gait length (cm) 64.57 +4.27 64.80 +4.22 64.42 + 3.84 0.969
Gait width (cm) 9.53 £2.38 8.45 £3.49 8.05 £ 2.06 0.236
Dual task gait
Gait speed (m/s) 1.30 £0.11 1.31 £0.12 1.29 £0.10 0.976
Gait length (cm) 62.90 + 3.17 62.50 +5.78 61.00 + 3.41 0.218
Gait width (cm) 8.86 + 1.67 8.65 +2.02 9.40 £+ 2.02 0.106
Static balance
Left single leg stance
OE, Cop-X (mm) 577.33 + 156.60 532.43 +132.27 530.36 £+ 112.87 0.990
OE, Cop-Y (mm) 566.87 + 203.05 588.61 + 127.73 565.47 £ 109.09 0.871
CE, Cop-X (mm) 1285.81 4+ 262.25 1290.78 4 266.80 1304.59 £+ 217.72 0.976
CE, Cop-Y (mm) 1357.05 + 326.19 1378.09 + 216.63 1333.04 + 251.72 0.906
Right single leg stance
OE, Cop-X (mm) 539.70 + 136.96 526.27 + 102.02 542.38 £ 82.16 0.916
OE, Cop-Y (mm) 548.36 + 151.89 541.77 £ 113.82 540.16 + 74.38 0.981
CE, Cop-X (mm) 1350.99 4 294.34 1329.15 4+ 272.12 1362.55 + 175.54 0.939
CE, Cop-Y (mm) 1363.69 + 231.59 1374.31 4 239.59 1382.29 4+ 177.49 0.900
Dynamic balance
OSI 4.64 (4.25, 6.26) 4.59 (4.40,5.71) 4.89 (4.55,4.46) 0.660
APSI 2.87(2.41,3.91) 3.13(2.89,3.32) 3.51(3.06, 3.67) 0.228
MLSI 3.78 (3.24,4.12) 3.39(3.17, 4.80) 3.46 (3.19, 4.12) 0.689

SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, Heart rate; bpm, beats per minute; OE, open eyes; CE,
close eyes; COP-X, average center of pressure X; COP-Y, average center of pressure Y; OSI, Overall Stability Index;
APSI, Anterior-Posterior Stability Index; MLSI, Medial-Lateral Stability Index.

was found in the health education group (P > 0.05).
After the intervention period, the combined exercise
group displayed a significant increase in the number of
30-second chair stands compared to the health educa-
tion group (P < 0.001), as shown in Table 2.

3.3. Outcome of single-double task gait

There were no significant effects of time, group, or
time x group interaction for single-task state parame-
ters, including step length, step width, and step speed
(P > 0.05). However, a significant time x group interac-
tion effect was found for the dual-task step speed (P <
0.001). Over the course of the intervention, the dual-
task step speed significantly increased in the combined
exercise group, while no significant change was ob-
served in the aerobic exercise group (P > 0.05). Addi-
tionally, at week 24 after the intervention, the combined
exercise group demonstrated a significant increase in

dual-task step speed compared to the health education
group (P = 0.006). There were no significant effects
of time, group, or time X group interaction for dual-task
stride length and step width (P > 0.05), as shown in
Table 2.

3.4. Outcome of static balance

A significant time main effect and time x group inter-
action effects were observed for the COP-Y in the open-
eye left leg standing mode (P < 0.05). From baseline
to 24-week of intervention, COP-Y was significantly
lower in the combined exercise group (P < 0.001).
At week 24 after intervention, there was no significant
difference in COP-X and COP-Y between groups in the
open-eye standing mode (open-eye left-leg standing,
open-eye right-leg standing) (P > 0.05). Significant
time main effects (P < 0.001) and time x group inter-
action effects were observed for COP-X and COP-Y
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in closed-eye standing mode (closed-eye left-leg stand-
ing, closed-eye right-leg standing) (P < 0.05). From
baseline to 24-week, COP-X and COP-Y were signif-
icantly lower in all groups in the closed-eye standing
mode (closed-eye left-leg standing, closed-eye right-leg
standing) (P < 0.05). At the end of the intervention pe-
riod (week 24), there were no significant differences in
COP-X and COP-Y between groups in the closed-eye
standing mode (closed-eye left-leg standing, closed-eye
right-leg standing) (P > 0.05), as shown in Table 3.

3.5. Outcome of dynamic balance

Significant main effects of time (P < 0.001) and
time x group (P < 0.05) interactions were observed
for OSI, APSI, and MLSI. Over the 24-week interven-
tion, both the aerobic and combined exercise groups
showed a significant reduction in OSI and APSI, while
the combined exercise group demonstrated a significant
reduction in MLSI. At week 24 after intervention, ASI,
APSI, and MLSI were significantly lower in the com-
bined exercise group compared to the health education
group (P < 0.05), and APSI was significantly lower in
the aerobic exercise group compared to the health edu-
cation group (P = 0.004). Additionally, the combined
exercise group displayed a significantly lower MLSI
than the aerobic exercise group (P = 0.018), as shown
in Table 4.

4. Discussion

The objective of this study was to examine the impact
of two exercise programs that adhered to physical ac-
tivity guidelines, as well as health education, on lower
limb muscle strength, single-dual task gait parameters,
and static and dynamic balance function in sedentary
older adults who were in good health. The main find-
ing of the study was that after 24 weeks of performing
both aerobic and combined aerobic-resistance exercise,
lower limb muscle strength, static balance with the eyes
closed, and dynamic balance were improved among
sedentary older adults. Combined exercise was more
effective in improving dual-task gait speed, and medial
and lateral dynamic balance.

The sedentary lifestyle can worsen the decline in
muscle mass and strength that occurs naturally in older
adults, thus exacerbating the progression of age-related
sarcopenia [27,28]. Reduced muscle strength has been
identified as a risk factor for higher rates of falls and all-
cause mortality in older adults [29,30]. However, there

are distinct regional features of muscle decay in older
people, with studies confirming that lower body muscle
strength and muscle power decline more rapidly during
aging compared to upper body muscle strength [31],
suggesting the importance of targeted lower limb train-
ing to maintain muscle strength in old age.

Previous research has established that changes in
muscle strength resulting from a sedentary lifestyle can
be reliably measured using the chair stand test [32],
therefore the 30-second chair stand test was chosen
to assess changes in muscle strength in sedentary
older adults in this study. Our study confirmed that
both aerobic and combined aerobic-resistance exercise
significantly increased 30-second chair stand perfor-
mance, suggesting that both exercise programs can im-
prove lower limb muscle strength in sedentary older
adults [25]. Sousa et al. confirmed these findings in
a study that showed 32 weeks of moderate to vigor-
ous intensity aerobic exercise and combined aerobic-
resistance exercise were effective in improving 30-
second chair stand performance in older men. How-
ever, their results suggested that the combined exer-
cise was more effective in improving the strength of
the lower limb muscles of the same group [19]. In a
similar vein, Timmons et al. conducted a study to mea-
sure lower limb muscle strength quantitatively before
and after 12 weeks of aerobic exercise and combined
aerobic-resistance exercise in older adults. Their results
showed that combined aerobic-resistance exercise was
more effective than aerobic exercise alone in improv-
ing lower limb strength [20]. Resistance exercise is a
well-established strategy for preventing and improving
muscle weakness in older individuals [33]. The exer-
cise promotes muscle hypertrophy by augmenting mus-
cle protein synthesis and increasing the cross-sectional
area of fast muscle fibers, leading to an enhancement
in muscle strength [34,35]. On the other hand, aero-
bic exercise enhances mitochondrial ATP production
within skeletal muscles, as well as increasing muscle
protein synthesis. Moreover, it improves exercise func-
tion in general by enhancing aerobic metabolic capac-
ity and increasing both cardiovascular and respiratory
endurance [36,37]. The current study supports that aer-
obic exercise can induce similar muscle strength gains
as combined aerobic-resistance exercise, presumably
due to the physiological mechanisms by which it en-
hances skeletal muscle biology and overall exercise
function. However, the reasons for the variation in find-
ings can be multifactorial. One possible cause is the
difference in outcomes resulting from gender ratio vari-
ations among participants. Our study included older
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adults of both genders, while Sousa et al.’s study in-
volved a homogeneous group of older males. While
both males and females experience age-related declines
in muscle mass and strength, the extent of these changes
varies based on gender, with females showing a signifi-
cantly greater proportion of muscle mass and strength
loss [38]. Additionally, resistance exercise’s impact on
muscle strength is heavily influenced by its intensity
and gender; a study by Beneka et al. revealed that men
experience more significant strength gains than women
with low to moderate-intensity resistance exercise [39].
The decision to mix genders in our study could have
contributed to the similar results found between com-
bined aerobic-resistance exercise and aerobic exercise
alone. Additionally, it is worth noting that while Tim-
mons et al. utilized an objective instrument to measure
lower limb muscle strength, Sousa et al. and our study
assessed it through chair stand performance. This indi-
cates that increases in strength and functional abilities
among older adults may not necessarily be linear and
that strength developments might not entirely translate
to functional outcomes. Thus, differences in various
factors such as training intensities, participant gender,
and measurement methods may have contributed to the
differences observed. Overall, our study findings sug-
gest that for sedentary older adults meeting the physical
activity guidelines, both aerobic exercise and combined
aerobic-resistance exercise offer equivalent enhance-
ments to muscle strength.

In older adults, aging and sedentary lifestyles may
lead to the decline of walking function characterized
by changes in various gait parameters, such as stride
length, stride width, and gait speed. These alterations
significantly elevate the risk of falls in this popula-
tion [40,41]. Wang et al. reported significant improve-
ments in gait speed and stride length among older adults
following a 12-week multi-component exercise pro-
gram incorporating resistance, endurance, and balance
training [42]. Conversely, our study discovered that af-
ter 24 weeks of moderate-intensity aerobic and com-
bined aerobic-resistance exercise, there were no sig-
nificant improvements observed in stride length, stride
width, and gait speed among sedentary older adults.
These conflicting outcomes could be the result of the
variances in the type and intensity of the exercise pro-
grams among the studies. Furthermore, as our partici-
pants were entirely sedentary and lacked habitual ex-
ercise in their daily activities, improving their walking
function may require extra time.

Nonetheless, our results validate that combined
aerobic-resistance exercise has a significant positive

impact on gait speed during dual-task walking patterns
among sedentary older adults, while the changes in
stride length and width are not noteworthy. In actual-
ity, older adults often walk and simultaneously perform
various tasks to meet their daily needs. Studies indicate
that older adults with reduced gait speed and increased
variability of stride during dual-task walking conditions
face an elevated risk of falling in the future [43,44].
A reduction in dual-task walking performance among
older adults is closely linked with a decline in walking-
related system function, resulting in an increased re-
liance of the sensory control system on cognition [45].
Compared to active older adults, sedentary older adults
may be at greater risk of experiencing falls due to cogni-
tive and physical functional decline that can occur [46].
Other studies have corroborated these findings, indicat-
ing that exercise can enhance dual-task walking ability
in older adults by primarily improving gait speed under
dual-task conditions. These studies suggest that com-
bined aerobic and resistance exercise confers greater
benefits for improving dual-task gait speed [47].
Age-related walking stability is closely associated
with the maintenance of balance, which is reliant on
inputs from the vestibular, visual, and proprioceptive
systems, as well as the integration of these inputs with
the central nervous system [48,49]. Reduced balance
function is strongly linked to an increased risk of falls
amongst the elderly population [50]. There is strong
evidence to suggest that physical exercise can enhance
both static and dynamic balance and decrease older
adults’ risk of falls [51]. In our study, we examined
the impact of two exercise modalities on the static and
dynamic balance of sedentary older adults. Specifically,
we compared the effects of aerobic exercise and com-
bined aerobic-resistance exercise on participants’ bal-
ance while standing with eyes closed and open. Our
study found that both types of exercises improved static
balance function when performed with eyes closed, but
had little impact on static balance with eyes open. This
may be due to the fact that our participants were healthy
individuals who did not present challenges to their pos-
tural control while standing with open eyes, thereby
potentially rendering them less sensitive to changes
caused by exercise interventions. Conversely, this dif-
ference is more pronounced in the eyes-closed standing
position, where visual cues are not available to assist
postural control and balance. Messier et al. reported
similar findings, where they observed differences in
postural sway only amongst older adults exhibiting dif-
ferent movement types in the eyes-closed position [52].
The consistent evidence available supports that postural
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control difficulty among older adults leads to greater
dependence on visual input for maintaining body bal-
ance. This finding further strengthens the conclusions
of our study [53,54]. However, it is important to note
that our study also observed an improvement in static
balance in the standing position with eyes closed among
participants who received health education, which sug-
gests a potential positive impact of the health educa-
tion intervention on balance performance. Regarding
the effects of the two exercise regimens on dynamic
balance, our results demonstrated that both aerobic and
resistance training improved dynamic balance function
to varying degrees. Additionally, the combined exercise
was observed to have a more significant effect in en-
hancing medial and lateral dynamic balance. The ob-
served overall improvement in dynamic balance fol-
lowing exercise interventions may be attributed to an
increase in lower limb muscle strength. Prior studies
attest that maintenance of lower limb muscle strength in
older adults contributes to the maintenance of effective
postural stability during aging [55]. Our results showed
that aerobic exercise and combined aerobic resistance
exercise could better improve static balance and dy-
namic balance in sedentary elderly standing with eyes
closed.

Overall, our results suggest that aerobic exercise
meeting physical activity guidelines and combined
aerobic-resistance exercise improve lower limb mus-
cle strength, dynamic balance, and static balance in
sedentary elderly standing with eyes closed. Combined
aerobic-resistance exercise has an advantage in improv-
ing dual-task gait speed in sedentary older adults. Given
that sedentary older adults lack motivation to exer-
cise, to ensure that sedentary older adults would benefit
maximally at the minimum time threshold for meeting
guideline exercise. We recommend that simultaneous
aerobic and resistance exercise in sedentary elderly is
beneficial in improving motor function and reducing
the risk of falls in sedentary elderly in many aspects.

4.1. Limitations

Present study has some limitations. Firstly, our sam-
ple size was limited. Secondly, all participants were
drawn from Asian populations, which may limit the
generalizability of our findings to other regions and
ethnic groups. Additionally, our intervention method
was relatively singular, and future studies may benefit
from exploring the use of multi-component exercise
programs that include endurance and balance training
among sedentary elderly individuals to improve overall
motor function.

5. Conclusion

Aerobic and combined aerobic-resistance exercise
are beneficial in improving lower limb muscle strength,
dynamic balance, and static balance in standing with
eyes closed in sedentary older adults. Our study findings
suggest that aerobic combined with resistance exercise
has a more pronounced positive effect on dual-task gait
speed, as well as medial and lateral dynamic balance,
when compared to aerobic exercise alone. We suggest
that simultaneous aerobic and resistance exercise is
beneficial for improving motor function in many aspects
and reducing the risk of falls in sedentary elderly.
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