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Abstract
Background Regular walking has been reported to improve metabolically-associated steatotic liver disease (MASLD) 
by altering the metabolic environment. However, no studies to date have focused on older individuals in both 
conditions. Therefore, this study aimed to investigate the effects of a 12-week walking intervention on metabolic 
syndrome risk factors, liver function indicators, and liver ultrasound findings in older adults with both metabolic 
syndrome and MASLD.

Methods A total of 66 participants aged 65–85 years had average ages, heights, and weights of 75.3 ± 5.8 years, 
159.3 ± 9.3 cm, and 68.6 ± 6.8 kg, respectively. The participants resided in four senior living communities, and their 
diets were uniform. The participants from two facilities were assigned to the control group (CON, n = 33), whereas 
those from the other two facilities were allocated to the treadmill walking program group (WPG, n = 33). Each group 
comprised 13 males and 20 females. The intervention consisted of a low- to moderate-intensity walking program, 
conducted for 30 min per day, 6 days per week, totaling 180 min per week. The total daily calorie expenditure was 
recorded based on the values calculated from the treadmill. The walking intensity was adjusted by modifying the 
treadmill incline according to each participant’s heart rate corresponding to their maximal oxygen consumption 
(VO₂max). The exercise intensity was set at 50% on Mondays and Fridays, 60% on Tuesdays and Thursdays, and 70% on 
Wednesdays and Saturdays. Sundays were designated as rest days.

Results Although there were no significant differences in caloric intake between the groups, the WPG exhibited 
a 52.5% increase in physical activity levels (p < 0.001), resulting in significant reductions in body weight (-10.2%), 
fat mass (-17.2%), and abdominal fat (-4.8%). The WPG showed a 16.1% increase in VO₂max, along with significant 
reductions in systolic blood pressure (-9.6%) and blood glucose (-16.9%), as well as notable improvements in lipid 
profiles (p < 0.001). The WPG also demonstrated significant reductions in aspartate aminotransferase (-40%), alanine 
aminotransferase (-23.5%), total protein (-14.4%), albumin (-8.1%), bilirubin (-17.6%), and liver ultrasound scores 
(-31.8%), with all changes showing significant intergroup differences (p < 0.001).
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Background
Metabolic syndrome is not a single disease but rather 
a condition resulting from the complex interaction of 
genetic predisposition and environmental factors [1]. 
Irregular lifestyle habits, excessive eating, and predomi-
nantly sedentary behavior can lead to abdominal obesity, 
which increases the risk of developing cardiometabolic 
diseases such as hypertension, diabetes, and hyperlipid-
emia [2]. While metabolic syndrome often presents no 
symptoms in its early stages, its progression is associ-
ated with kidney disease, cardiovascular and cerebrovas-
cular diseases, various cancers, and increased mortality 
rates [3, 4]. In addition, metabolic syndrome has been 
reported to be closely associated with nonalcoholic fatty 
liver disease (NAFLD), indicating that approximately 90% 
of patients present at least two features of metabolic syn-
drome and that approximately 33% meet three or more 
criteria. It develops due to the accumulation of triglycer-
ides in the liver, caused by an imbalance in the uptake, 
synthesis, export, and oxidation of fatty acids [5]. NAFLD 
is characterized by abnormal lipid accumulation in the 
liver in the absence of other liver diseases and is known 
to be a major cause of chronic conditions such as type 2 
diabetes and cardiovascular diseases such as metabolic 
syndrome, as well as liver-related disorders such as hepa-
titis, liver cirrhosis, and hepatocellular carcinoma [6]. 
The global prevalence of metabolic dysfunction-associ-
ated steatotic liver disease (MASLD) [7], resulting from 
the coexistence of metabolic syndrome and/or NAFLD, 
continues to show an increasing trend [8].

Metabolic syndrome has been shown to be particularly 
detrimental to older adults with chronic diseases, as it is 
directly associated with MASLD, a decline in various vis-
ceral organs, and a reduction in overall lifespan [9–11]. 
In light of the rapidly growing older population, these 
findings are not merely individual concerns but are also 
intrinsically linked to the economic and policy challenges 
faced by nations worldwide. Consequently, the preven-
tion and treatment of metabolic syndrome, including 
NAFLD, are critical, making early intervention a prior-
ity in public health strategies. According to the National 
Cholesterol Education Program (NCEP) Adult Treatment 
Panel (ATP) III criteria [12, 13], when the prevalence of 
metabolic syndrome is assessed in older adults, consider-
ing the types and levels of conditions applied to adults, 

obese older individuals with a high body mass index have 
a metabolic syndrome prevalence of 32.1%, indicating a 
serious health problem. In particular, obese older indi-
viduals are found to have not only reduced liver func-
tion but also decreased aerobic capacity compared with 
older individuals without metabolic syndrome, high-
lighting the importance of physical activity (PA) [14]. In 
the prevention and management of MASLD, regular PA 
is one of the most important factors, along with dietary 
control [15]. It has been reported that it helps reduce and 
maintain body fat mass in the long term and effectively 
reduces the risk of cardiometabolic diseases [16].

Walking, a widely accessible form of PA, has been 
extensively documented to offer diverse health benefits 
[17]. These include reductions in body weight and blood 
pressure, improvements in lipid profiles and MASLD, 
and a decreased risk of developing heart disease [18, 
19]. Additionally, it has been reported to increase insu-
lin sensitivity in the liver, skeletal muscle, and adipose 
tissue, improving the insulin response to blood glucose 
levels and thus increasing the body’s ability to utilize 
blood glucose [20, 21]. Proper walking is defined as a 
movement characterized by a relaxed posture, main-
taining a forward gaze, and swinging the arms naturally 
without applying excessive force [22]. This activity can be 
performed at varying speeds, ranging from slow to fast, 
depending on situational requirements. The pace and 
distance of walking significantly influence the metabolic 
rate, thereby contributing to caloric expenditure and to 
intestinal fatness. These physiological effects make walk-
ing an effective strategy for body weight management 
and offer a range of health benefits [21]. However, while 
the health benefits of walking program are widely rec-
ognized, its specific effects on older adults with MASLD 
remain underexplored. Notably, among the older popula-
tion, impaired liver functions such as MASLD are com-
monly observed, yet there is a significant lack of research 
investigating whether walking program can positively 
impact compromised liver function. Therefore, this study 
was initiated to examine the effects of a regular walking 
program on the markers of metabolic syndrome, as well 
as the liver function indicators in older adults with risk 
factors for MASLD.

Conclusions Along with a consistent diet, a 12-week walk has been shown to induce significant changes in the body 
composition and cardiometabolic factors of older adults, as well as notable improvements in liver function markers 
and imaging findings.

Trial registration This study was registered with the Clinical Research Information Service of the Korea Centers for 
Disease Control and Prevention under Clinical Trials KCT0010079 on 26/12/2024.

Keywords Older adults, Walking, Metabolically-Associated steatotic liver disease (MASLD), Cardiometabolic factors
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Materials and methods
Study design
The study was designed as a prospective, double-blind, 
randomized controlled trial, targeting residents of 
senior living communities who had been diagnosed 
with MASLD. The study period was twelve weeks, and 
changes in metabolic syndrome variables and liver func-
tion markers and images were examined before and after 
the walking program. This study was approved by the 
Hanseo University Institutional Review Board (HS23-
06-01) and registered on ClinicalTrials.gov with the 
identifier KCT0010079 on 26/12/2024. The study fol-
lowed CONSORT guidelines, with a completed checklist 
included in the supplementary information (Supplemen-
tary Table 1).

Participants
Older adults living in four Seoul Seniors Towers in Korea 
were recruited for this study. The participants ranged in 
age from 65 to 85 years and provided written informed 
consent in accordance with the Declaration of Helsinki 
(2013). They were selected on the basis of individuals 
who had not regularly participated in an exercise pro-
gram for more than six months and were diagnosed with 
MASLD. The criteria for diagnosing metabolic syndrome 
followed three or more of the five risk factors specified 
in the NCEP ATP III for adult metabolic syndrome [12]. 
Upper abdominal ultrasound imaging was performed, 
and the patients were diagnosed by a radiologist. Based 
on the modified NCEP criteria, a diagnosis of metabolic 
syndrome is made when any three of the following five 
conditions are present: abdominal obesity; high triglycer-
ide levels (≥ 1.7 mmol/L); low levels of high density lipo-
protein (HDL) cholesterol (≤ 1.03 mmol/L for men and 
≤ 1.29 mmol/L for women); elevated blood pressure (sys-
tolic ≥ 130 mmHg and/or diastolic ≥ 85 mmHg, or current 
use of antihypertensive medication); and elevated fasting 
glucose (fasting plasma glucose ≥ 5.6 mmol/L). The modi-
fied NCEP ATP III guidelines also recommend that waist 
circumference thresholds be tailored to specific ethnic 
groups, with a cut-off of 90  cm for men and 80  cm for 
women of Asian descent. Metabolic syndrome is diag-
nosed when three or more of these criteria are met [23, 
24]. In addition, NAFLD was diagnosed using abdomi-
nal ultrasound examination. The diagnosis was based on 
typical sonographic findings such as increased hepatic 
echogenicity compared to the renal cortex, blurring of 
the portal vein walls, and posterior beam attenuation. 
The severity of fatty liver was classified as follows: mild 
(slight increase in liver echogenicity with clear visualiza-
tion of diaphragm and intrahepatic vessels), moderate 
(moderate increase in echogenicity with slightly impaired 
visualization of intrahepatic vessels and diaphragm), and 
severe (marked increase in echogenicity with poor or 

no visualization of intrahepatic vessels, diaphragm, and 
posterior segment of the liver) [25, 26]. Those who had 
received weight loss treatments, took medication affect-
ing body composition, or had undergone surgery for 
more than one year before the study began were excluded 
from the study. Individuals with a history of cardiovascu-
lar or cerebrovascular disease, cancer, or psychiatric dis-
orders were also excluded from the study.

The sample size was determined via G*Power 
(ver.3.1.9.7; Heinrich-Heine-Universität, Düsseldorf, 
Germany), with assumptions including an effect size 
of f²(V) = 0.25, an α error probability of 0.05, a power of 
0.95, two groups, and two measurements [27, 28]. The 
minimum required sample size was 54 participants. As 
shown in Fig. 1, a total of 107 participants were recruited 
from four separate facilities to prevent communication 
between the groups; however, 31 were excluded because 
they failed to meet the inclusion criteria or for personal 
reasons. Among the remaining 76 participants who com-
pleted the demographic survey and baseline assessment, 
random tags selected by 4 representatives were used 
to assign one facility to the control group (CON) and 
another facility to the walking program group (WPG). 
The principal investigator carried out all of these pro-
cedures. A total of 38 participants were allocated to the 
CON across two facilities, whereas 38 participants were 
assigned to the WPG across two facilities. During the 
12-week program, five participants from each group 
dropped out, leaving 33 participants in each group for the 
final analysis. During the walking exercises performed by 
the WPG, participants in the CON convened at the exer-
cise centers within their respective facilities to engage in 
meditation sessions. Standard guidelines were provided 
for pre- and postassessments to maintain strict blinding 
throughout the study.

Walking program
The intervention comprised a walking program designed 
to achieve 180 min of mild- to moderate-intensity aerobic 
exercise per week, distributed as 30-minute sessions con-
ducted six days a week [29, 30]. Prior to the commence-
ment of the walking program, participants in the WPG 
performed floor-based stretching exercises for 10  min 
while seated. After completing the walking session, they 
engaged in floor-based stretching exercises for 10 min in 
the supine position. The walking program was conducted 
on a treadmill, and the exercise intensity was adjusted 
by modifying the treadmill incline according to each 
participant’s maximal oxygen consumption (VO₂max) 
determined through the modified Bruce protocol. The 
participants were encouraged to reach the target inten-
sity, which was determined via the rate of perceived exer-
tion (RPE) scale and heart rate (HR). This study employed 
the RPE 10-point scale for this purpose [31]. Exercise 
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intensity was prescribed based on target heart rates cor-
responding to specific percentages of each participant’s 
VO₂max. On Monday, Tuesday, and Wednesday, intensi-
ties were set at 50%, 60%, and 70% of VO₂max, respec-
tively. The treadmill incline was subsequently readjusted 
to match the same target intensities on Thursday (50%), 
Friday (60%), and Saturday (70%) [32–34]. Sunday was 
designated as a rest day.

Outcome measures
Caloric intake and physical activity volume
Throughout the three-month experimental period, par-
ticipants in both groups consumed three meals per day, 
which were prepared under the supervision of a certified 
nutritionist. The daily caloric intake was set at 1,500–
1,800  kcal, and the dietary regimen was designed to be 
predominantly plant-based. The dietary plan included 
macronutrients—carbohydrates, proteins, and fats—
along with micronutrients such as vitamin A and vita-
min C. To ensure accuracy and compliance, a researcher 
recorded participants’ daily dietary intake via CAN-Pro 
5.0 (http://canpro5.kns.or.kr; The Korean Nutrition  S o c 
i e t y ) . Moreover, PA levels were estimated via the Inter-
national PA Questionnaire (IPAQ)-Short Form [35, 36]. 

Both caloric intake and PA levels were recorded daily 
from the start to the end of the experiment and analysed 
on a weekly and monthly basis.

Anthropometric and clinical data
Demographic characteristics and body composition 
parameters were assessed via an InBody 720 device (Bio-
space, Seoul, Korea), with the waist‒to-hip ratio (WHR) 
manually remeasured by a single expert; waist circum-
ference was measured at the midpoint between the iliac 
crest and the lower rib, whereas hip circumference was 
measured at the widest point above the hips and below 
the iliac crest. Body mass index (BMI) was calculated 
via the formula weight (kg)/height (m²). All participants 
were instructed to wake at 7 a.m. and gather at the meet-
ing location, where their blood pressure and fasting 
blood glucose (FBG) levels were measured by an Accu-
Chek Guide Glucometer (Roche Diabetes Care, Basel, 
Switzerland). Their physical condition for the day was 
also assessed through a brief questionnaire.

Blood sampling and variable measures
A clinical pathologist conducted blood sampling, and 
the collected samples were analysed. Blood was drawn 

Fig. 1 CONSORT diagram
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from all participants both before and after the experi-
ment, following a minimum fasting period of 10 h [37]. 
They arrived at the laboratory an hour before blood col-
lection and were allowed to rest for at least 30 min. For 
routine blood tests (e.g., CBC, liver function, kidney 
function, lipid profile), approximately 5 to 20 mL of blood 
is typically drawn from a vein in the arm. However, for 
more comprehensive or specialized testing, more than 20 
mL may be required [38]. Blood lipid and liver function 
markers were analysed via an enzymatic colorimetric 
method with an automated biochemical analyser (Cobas 
8000, Roche Diagnostics, Mannheim, Germany). Total 
cholesterol (TC), triglycerides (TG), high-density lipo-
protein (HDL) cholesterol, and low-density lipoprotein 
(LDL) cholesterol were quantified through enzymatic 
reactions that produce chromogenic compounds via a 
spectrophotometer. Aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), bilirubin, and total pro-
tein were analysed via standardized enzymatic and colo-
rimetric methods.

Abdominal ultrasound measures
An abdominal ultrasound examination was conducted to 
assess the structure and shape of the liver. The equipment 
used was a Panavista Model GM-2600  A (Matsushita 
Ltd., Japan) with a 3.5 MHz convex probe. The degree of 
fat deposition in the liver was classified on the basis of 
differences in echo reflections, as shown in Fig. 2, follow-
ing the grading system.

On the basis of previous studies [25, 26], the classifica-
tion criteria for this study were as follows: Grade 1 was 
defined as a slight increase in fine hepatic echoes with 
normal visualization of the diaphragm and vascular bor-
ders. Grade 2 was defined as a moderate increase in fine 
hepatic echoes, accompanied by blurred visualization 
of the diaphragm and blood vessels, as well as reduced 
clarity of the posterior portion of the right hepatic lobe. 
Grade 3 was defined as a marked increase in fine hepatic 
echoes, rendering the diaphragm and vascular structures 
indistinguishable and the posterior portion of the right 
hepatic lobe poorly visible [39, 40].

Cardiopulmonary fitness measures
VO₂max was measured by a gas analyser (Qurak CPET®, 
Cosmed, Rome, Italy), electrocardiogram analyser 
(Heartwave II®, Cambridge Heart Inc., Tewksbury, MA, 
USA), and treadmill ergometer (T150, HP/Cosmos®, 
Bavaria, Germany). All the participants were instructed 
to refrain from eating three hours prior and avoid intense 
PA. Electrodes for the ECG were attached to the chest, 
and a cuff for blood pressure and HR measurements was 
placed on the brachial artery of the right arm. A mask was 
adjusted to fit each participant’s face to prevent air from 
escaping while breathing through the mouth and nose. 
The modified Bruce protocol was used to assess the work 
capacity of older adults [41, 42]. All the participants were 
encouraged to walk or run until they reached their maxi-
mum perceived level of exertion. The participants were 
monitored for chest pain, shortness of breath, dizziness, 
and leg pain during and after walking or running on the 
treadmill. The test was terminated if any of the following 
symptoms occurred: (a) a drop in systolic blood pressure 
(SBP) of 10 mmHg from baseline despite increased work-
load, accompanied by ischemia; (b) moderate to severe 
angina; (c) increasing neurological symptoms; (d) signs of 
cyanosis; (e) a request to stop; (f ) sustained ventricular 
tachycardia; or (g) ST elevation (> 1 mm) in leads with-
out Q waves [41]. This study analysed VO₂max, HR, rest-
ing SBP, resting diastolic blood pressure (DBP), and rate 
pressure product (RPP).

Statistical analysis
All the data are reported as the means ± standard devia-
tions and were analysed via GraphPad Prism 10.4.1 (La 
Jolla, CA, USA). The Kolmogorov–Smirnov test was 
employed to check the normality of the demographic 
and anthropometric data. For normally distributed 
data, repeated-measures ANOVA was applied for vari-
able comparisons. For nonnormally distributed data, the 
Mann‒Whitney U test was used to analyse differences 
between groups. Intragroup changes were evaluated 
via the Wilcoxon signed-rank test. A detailed analysis 
involved calculating the Δ% for each period. Effect sizes 
(η²) were interpreted as small, moderate, or large on 
the basis of thresholds of 0.2, 0.5, and 0.8 for paramet-
ric measures and 0.1, 0.3, and 0.5 for nonparametric 

Fig. 2 Ultrasound imaging for diagnosing MASLD
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measures, respectively [43]. Statistical significance was 
set at p ≤ 0.05.

Results
Demographic characteristics
As detailed in Table  1, a total of 66 individuals partici-
pated in the study. The CON consisted of 13 males and 
20 females, whereas the WPG was composed of an equal 
number. There were no significant differences in demo-
graphic or anthropometric variables between the two 
groups prior to the experiment. Among all the older 
adults, chronic conditions were observed, with no signifi-
cant differences between the groups.

Changes in caloric intake, PA levels, and body composition
As shown in Table  2, there were no significant differ-
ences in daily caloric intake, including nutrient factors, 
between the groups. Prior to the experiment, no sig-
nificant differences in PA levels were observed between 
the two groups. However, following the experiment, 
PA levels decreased in the CON group but increased 
in the WPG group, indicating significant differences in 
between-group, within-group, and interaction effects. 
Subfactors also showed significant interaction effects 
after the experiment.

The differences in caloric intake, PA levels, and body 
composition between the two groups, expressed as the 
Δ% between pre- and postintervention values, are illus-
trated in Fig. 3. There were no significant differences in 
the daily caloric nutrient components between the CON 
and WPG before and after the experiment (Fig.  3A). 
Regarding PA levels, participants in the WPG engaged 

solely in the treadmill exercise prescribed by the study. 
Prior to the intervention, there were no significant dif-
ferences between the two groups. However, following the 
intervention, the CON group showed a 16.3% decrease 
in PA levels, while the WPG exhibited a 52.5% increase, 
resulting in a significant difference between the groups 
(Fig. 3B). The body weight increased by 4.2% in the CON 
group but decreased by 10.2% in the WPG, resulting in a 
significant difference between the groups (Fig. 3C). Lean 
body mass decreased by 6.4% in the CON but increased 
by 4.5% in the WPG (Fig.  3D). Fat mass increased by 
14.6% (Fig.  3E), fat percentage by 10.2%, WHR by 2.9% 
(Fig. 3F), and BMI by 4.2% in the CON. In contrast, fat 
mass decreased by 17.2% (Fig.  3E), fat percentage by 
6.5%, WHR by 4.8% (Fig.  3F), and BMI by 10.2% in the 
WPG.

Changes in cardiometabolic factors and liver function 
markers
As presented in Table 3, no significant differences in car-
diometabolic factors were observed between the CON 
and WPG groups prior to the experiment. After the 
experiment, the VO₂max and HDL levels decreased in 
the CON group but increased in the WPG group, indi-
cating significant interaction effects. Additionally, HR, 
SBP, DBP, RPP, FBG, TG, TC, and LDL levels increased 
in the CON group, whereas they decreased in the WPG 
group, which also demonstrated significant interaction 
effects. As also presented in Table 3, no significant differ-
ences in liver function markers were observed between 
the groups before the experiment. However, after the 
experiment, AST, ALT, total protein, albumin, bilirubin, 

Table 1 Demographic and anthropometric characteristics at baseline
Items Groups Z p η2

CON, n = 33 WPG, n = 33
Demographic feature
 Age (yr) 75.5 ± 5.3 75.2 ± 6.3 -0.039 0.969 0.00
 Sex † 1.6 ± 0.5 1.6 ± 0.5 0.000 1.000 0.00
Body composition feature
 Stature (cm) 159.9 ± 8.3 158.7 ± 10.3 -0.847 0.397 0.01
 Body weight (kg) 68.0 ± 6.9 69.2 ± 6.7 -0.770 0.442 0.01
 Lean mass (kg) 39.3 ± 4.8 38.5 ± 6.3 -0.616 0.538 0.01
 Fat mass (kg) 19.5 ± 4.1 22.2 ± 6.0 -1.610 0.107 0.07
 Fat percentage (%) 29.0 ± 6.8 32.3 ± 9.5 -1.122 0.262 0.04
 BMI (kg/m2) 26.6 ± 2.6 27.6 ± 2.6 -1.694 0.090 0.03
 Waist circumference (cm) 100.9 ± 5.0 101.3 ± 6.3 -0.507 0.612 0.01
Cardiometabolic feature
 SBP (mmHg) 140.4 ± 8.1 141.9 ± 8.3 -0.847 0.397 0.01
 DBP (mmHg) 87.6 ± 4.8 86.3 ± 3.4 -0.947 0.344 0.03
 TG (mmol/L) 2.5 ± 0.8 2.4 ± 0.6 -0.399 0.690 0.01
 HDL (mmol/L) 1.1 ± 0.1 1.0 ± 0.2 -0.706 0.480 0.01
 FBG (mmol/L) 7.3 ± 1.0 7.4 ± 0.7 -0.705 0.481 0.04
The symbol † represents sex, with ‘1’ and ‘2’ indicating male and female. CON, control group; WPG, walking program group; BMI, body mass index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; TG, triglyceride; HDL, high density lipoprotein cholesterol; FBG, fasting blood glucose
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and ultrasound image scores increased in the CON group 
but decreased in the WPG group, indicating significant 
interaction effects.

The differences in cardiometabolic and liver function 
markers between the two groups are illustrated in Fig. 4. 
In terms of VO₂max, no significant differences were 
observed between the groups prior to the experiment; 
however, the CON group presented a decrease of 11.8%, 
whereas the WPG group presented a 16.1% increase, 
resulting in a significant difference between the groups 
(p < 0.001) after the 12-week period (Fig.  4A). Similarly, 
HDL levels decreased by 5.9% in the CON group but 
increased by 25.1% in the WPG group, indicating a sig-
nificant difference (p < 0.001) (Fig. 4I).

Additionally, HR (9.0%), SBP (4.1%), DBP (1.5%), RPP 
(13.6%), FBG (10.5%), TG (4.9%), TC (8.9%), and LDL 
(16.2%) levels increased in the CON group. In contrast, 
HR (7.4%, Fig.  4B), SBP (9.6%, Fig.  4C), DBP (10.4%, 
Fig. 4D), RPP (16.3%, Fig. 4E), FBG (16.9%, Fig. 4F), TG 
(13.1%, Fig.  4G), TC (8.7%, Fig.  4H), and LDL (15.3%, 
Fig. 4J) levels decreased in the WPG, demonstrating sig-
nificant differences between the groups (p < 0.001). With 
respect to AST and ALT, no significant differences were 
observed between the groups prior to the experiment. 
However, the CON group presented increases of 12.6% 
and 18.7%, whereas the WPG decreased by 40.0% and 
23.5%, resulting in a significant difference between the 
groups (p < 0.001) after the 12-week period (Fig. 4K and 
L). Similarly, the total protein, albumin, and bilirubin 

Table 2 Comparative results of calorie intake, PA levels, and body composition
Items Time Groups p

CON WPG G T G×T
Calorie intake (kcal)
 Daily calorie (kcal/day) Pre 1609.0 ± 172.2 1610.6 ± 185.2 0.507 0.002 0.647

Post 1717.4 ± 229.9 1754.4 ± 191.5
 Carbohydrates (g/day) Pre 118.4 ± 14.4 119.5 ± 14.4 0.455 0.639 0.700

Post 118.6 ± 13.3 121.3 ± 11.5
 Fibre (g/day) Pre 19.6 ± 3.7 19.3 ± 3.8 0.599 0.089 0.482

Post 20.4 ± 3.5 21.2 ± 3.5
 Protein (g/day) Pre 50.8 ± 6.1 51.7 ± 6.5 0.829 0.742 0.338

Post 51.6 ± 6.4 50.2 ± 6.3
 Fat (g/day) Pre 50.6 ± 7.7 49.5 ± 7.5 0.729 0.374 0.334

Post 50.5 ± 8.3 52.4 ± 7.9
 Vitamin A (ug RAE/day) Pre 543.9 ± 62.9 546.0 ± 61.0 0.848 0.661 0.697

Post 552.6 ± 57.6 546.5 ± 58.6
 Vitamin C (mg/day) Pre 95.4 ± 13.4 94.3 ± 13.0 0.820 0.376 0.814

Post 97.3 ± 15.2 97.7 ± 14.0
 Calcium (mg/day) Pre 716.8 ± 99.5 698.0 ± 88.9 0.249 0.057 0.821

Post 681.5 ± 131.9 653.4 ± 140.5
 Iron (mg/day) Pre 12.2 ± 3.2 12.8 ± 3.6 0.554 0.937 0.617

Post 12.5 ± 3.2 12.5 ± 3.3
Physical activity levels (MET∙min/week)

Pre 1567.0 ± 329.2 1565.7 ± 371.4 0.001 0.001 0.001
Post 1276.6 ± 223.0 2239.7 ± 400.5

Body composition
 Body weight (kg) Pre 68.0 ± 6.9 69.2 ± 6.7 0.030 0.001 0.001

Post 70.7 ± 6.7 62.1 ± 8.3
 Lean mass (kg) Pre 39.3 ± 4.8 38.5 ± 6.3 0.340 0.391 0.001

Post 36.7 ± 4.6 40.2 ± 8.2
 Fat mass (kg) Pre 19.5 ± 4.1 22.2 ± 6.0 0.511 0.034 0.001

Post 22.1 ± 4.2 18.0 ± 4.1
 Fat percentage (%) Pre 29.0 ± 6.8 32.3 ± 9.5 0.734 0.667 0.001

Post 31.5 ± 6.4 29.3 ± 7.2
 Waist-to-hip ratio Pre 0.9 ± 0.0 1.0 ± 0.0 0.003 0.110 0.001

Post 1.0 ± 0.1 0.9 ± 0.1
 Body mass index (kg/m2) Pre 26.6 ± 2.6 27.6 ± 2.6 0.111 0.001 0.001

Post 27.8 ± 3.2 24.7 ± 3.0
CON, control group; WPG, walking program group.
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levels increased by 4.6%, 5.2%, and 3.3%, respectively, in 
the CON group but decreased by 14.4% (Fig. 4M), 8.1% 
(Fig. 4N), and 17.6% (Fig. 4O), respectively, in the WPG, 
indicating a significant difference (p < 0.001). Finally, 
the image scores confirmed by hepatic ultrasonography 
increased by 24.2% in the CON group, whereas they 
decreased by 31.8% in the WPG group, showing a signifi-
cant difference between the two groups after the 12-week 
walking exercise program (p < 0.001) (Fig. 5).

Discussion
This study revealed that walking led to noticeable reduc-
tions in body weight, body fat mass, and abdominal fat. 
It was also observed that the cardiometabolic factors 
and liver function markers of the WPG significantly 
improved. Similarly, Prasertsri et al. [44] randomly 
assigned 43 hypertensive participants aged 60–80 years 
into either continuous walking (CON) or intermittent 
walking (INT) groups. The participants in the CON 
group walked for 30 min, 3 days per week, over 12 weeks, 
whereas those in the INT group walked for a total of 
30 min per session, which was split into three equal inter-
vals. Following walking, the CON group presented a sig-
nificant reduction in hip circumference. In contrast, the 
INT group presented significant decreases in fat mass, 

hip circumference, and visceral fat levels. Additionally, 
the CON group experienced a significant increase in 
HDL, whereas TG and the TC/HDL ratio significantly 
decreased. Additionally, FBG and RPP were significantly 
lower in the INT group than in the CON group. These 
findings suggest that, whether walking is performed 
intermittently with an increasing number of sets or con-
tinuously, it can yield positive outcomes for BP and lipid 
components—key factors of metabolic syndrome—as 
well as myocardial oxygen consumption. Similarly, Kim et 
al. [45] reported that 14 obese middle-aged women who 
engaged in walking exercise at 50–60% of their VO₂max 
experienced significant reductions in obesity indices and 
metabolic risk factors. These included decreases in body 
weight, body fat, BMI, waist circumference, BP, and TG. 
They also reported significant improvements in car-
diometabolic factors, such as HDL and VO₂max, which 
aligns with the findings of this study.

Pavlou et al. [46] studied changes in lean mass and body 
fat among obese men with an average body fat percent-
age of 38%, observing the effects of diet combined with 
exercise. They reported that participants who combined 
diet and exercise maintained their lean mass, whereas 
those who followed only a diet experienced a reduction in 
lean mass. Specifically, participants who focused only on 

Fig. 3 Differences and changes in daily caloric intake, PA levels, and body composition. *** and ### indicate p < 0.001 between times and between groups, 
respectively
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dietary adjustments experienced a lean mass reduction 
of 24–28%, whereas those who included exercise experi-
enced a smaller reduction of only 11–13%. This suggests 
that while exercise may not entirely prevent lean mass 
loss during dietary weight reduction, it significantly miti-
gates it, which in turn can help maintain the basal meta-
bolic rate. By preserving the basal metabolic rate, exercise 
enhances fat oxidation during rest, potentially preventing 
age-related increases in body fat [47]. These results were 
similar to those observed in this study. Specifically, both 
the CON and WPG groups maintained a healthy diet. 
The outcomes of participants who combined this dietary 
regimen with walking exercise were consistent with those 
reported in previous studies. After the 12-week experi-
ment of this study, changes in body composition revealed 

that body weight in the CON group increased by 4.2%, 
whereas it decreased by 10.2% in the WPG. The lean 
mass in the CON decreased by 6.4%, whereas it increased 
by 4.5% in the WPG. Furthermore, fat mass, fat percent-
age, WHR, and BMI in the CON group increased by 
14.6%, 10.2%, 2.9%, and 4.2%, respectively. In contrast, 
these measures in the WPG decreased by 17.2%, 6.5%, 
4.8%, and 10.2%, highlighting the effectiveness of walking 
exercise. In addition, VO₂max and HDL levels decreased 
by 11.8% and 5.9%, respectively. In contrast, the WPG 
increased the VO₂max and HDL levels by 16.1% and 
25.1%, respectively. Notably, the walking intervention 
performed by the WPG resulted in significant reductions 
in HR, SBP, and RPP, as well as marked improvements 
in FBG, TG, TC, and LDL levels. Similar findings were 

Table 3 Comparative results of cardiometabolic factors and liver function markers
Items Time Groups p

CON WPG G T G×T
Cardiometabolic factors
 VO₂max (ml/kg/min) Pre 24.4 ± 5.5 24.6 ± 3.2 0.001 0.399 0.001

Post 21.4 ± 5.3 28.3 ± 3.7
 HR (beats/min) Pre 72.6 ± 6.6 72.8 ± 6.9 0.001 0.732 0.001

Post 78.7 ± 6.9 67.3 ± 6.8
 SBP (mmHg) Pre 140.4 ± 8.1 141.9 ± 8.3 0.001 0.001 0.001

Post 145.9 ± 8.2 127.9 ± 6.8
 DBP (mmHg) Pre 87.6 ± 4.8 86.3 ± 3.4 0.001 0.001 0.001

Post 88.8 ± 3.7 77.2 ± 6.1
 RPP (bpmmmHg×10− 3) Pre 10.2 ± 11.1 10.3 ± 11.6 0.001 0.143 0.001

Post 11.4 ± 12.2 8.6 ± 0.9
 FBG (mmol/L) Pre 7.3 ± 1.0 7.4 ± 0.7 0.001 0.005 0.001

Post 8.0 ± 0.7 6.1 ± 0.5
 TG (mg/dl) Pre 174.0 ± 21.6 175.5 ± 27.4 0.005 0.002 0.001

Post 181.1 ± 16.9 151.0 ± 24.1
 TC (mg/dl) Pre 224.2 ± 24.1 229.2 ± 32.4 0.025 0.707 0.001

Post 242.8 ± 26.3 207.7 ± 38.8
 HDL (mg/dl) Pre 44.2 ± 6.1 42.9 ± 7.3 0.001 0.006 0.001

Post 40.9 ± 6.6 52.5 ± 8.2
 LDL (mg/dl) Pre 145.2 ± 26.4 151.2 ± 33.4 0.009 0.481 0.001

Post 165.7 ± 28.0 125.0 ± 35.4
Liver function markers
 AST (IU/L) Pre 51.6 ± 6.2 52.2 ± 8.4 0.001 0.001 0.001

Post 57.5 ± 4.8 30.7 ± 7.9
 ALT (IU/L) Pre 40.1 ± 5.5 40.2 ± 7.1 0.001 0.130 0.001

Post 47.5 ± 8.1 30.2 ± 7.0
 Total protein (g/dL) Pre 8.2 ± 0.9 8.3 ± 0.7 0.001 0.001 0.001

Post 8.5 ± 0.9 7.0 ± 0.6
 Albumin (g/dL) Pre 4.9 ± 0.7 5.0 ± 0.7 0.082 0.146 0.001

Post 5.1 ± 0.8 4.5 ± 0.4
 Bilirubin (mg/dL) Pre 1.6 ± 0.2 1.6 ± 0.2 0.001 0.001 0.001

Post 1.7 ± 0.3 1.3 ± 0.3
 Ultrasound image (grade) Pre 1.4 ± 0.6 1.5 ± 0.6 0.013 0.074 0.001

Post 1.7 ± 0.7 0.9 ± 0.5
CON, control group; WPG, walking program group; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; RPP, rate pressure product; FBG, 
fasting blood glucose; TG, triglyceride; TC, total cholesterol; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase
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reported in a study involving a 12-week walking exercise 
program for obese middle-aged women with a body fat 
percentage exceeding 30% [48]. A study reported that 
combining aerobic exercise, resistance training, and tra-
ditional Korean dance three times a week for 12 weeks 
resulted in improvements in body weight, blood pressure, 
and HDL and LDL levels [49]. Generally, long-term aero-
bic exercise increases HDL levels while reducing TG, TC, 
and LDL levels [29]. Similar results have been reported in 
numerous other studies involving various forms of aero-
bic exercise [37, 50–54], highlighting the positive effects 
of aerobic exercise on the human body.

According to Lee et al. [55], an analysis of a total of 
571,872 Korean military personnel who participated 
in health examinations from January 2015 to July 2021 
revealed that 77,020 individuals (13.47%) were classified 
as having NAFLD, indicating a continuous increase in 
the prevalence of MASLD. They also noted an increase 
in the prevalence of obesity, hypercholesterolemia, 

hyperglycemia, and hypertension during the same period. 
These findings indicate that the prevalence of fatty liver 
disease is positively correlated with advancing age [56]. 
Similarly, in this study, all participants were women aged 
65 years and older with MASLD. When obesity and met-
abolic syndrome are present, fat can accumulate not only 
in other organs but also in the liver [57, 58]. In fact, the 
severity of fatty liver increases with the degree of obesity 
[59–61]. Conversely, while fat accumulation in the liver 
increases proportionally with weight gain, it decreases 
with weight loss. The current academic consensus sug-
gests that an increase in body fat and a decrease in lean 
mass, which can negatively affect fatty liver, can lead to 
positive changes through long-term exercise programs 
[62]. Some previous studies have reported weight loss 
through endurance training in both obese and nonobese 
individuals. For example, a study involving nine par-
ticipants aged 22–45 years who engaged in walking and 
jogging for four hours a week over ten weeks reported 

Fig. 4 Differences and changes in cardiometabolic factors and liver function markers. CON, control group; WPG, walking program group; VO₂max, maxi-
mal oxygen uptake; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; RPP, rate pressure product; FBG, fasting blood glucose; TG, 
triglyceride; TC, total cholesterol; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase. ### indicates p < 0.001 between groups
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a reduction in body fat [63]. In this context, the study 
involved older adults with MASLD who participated in 
a 12-week mild- to moderate-intensity walking program. 
As shown in the results of this study, walking led to sig-
nificant positive changes in cardiac metabolic factors. 
Additionally, the study revealed a tendency for decreases 
in liver function enzymes, as well as total protein, albu-
min, and bilirubin levels, suggesting that walking also 
contributes to positive changes in MASLD. These results 
demonstrate the positive effects of walking on liver func-
tion. Additionally, in terms of the echogenicity of the 
ultrasound images, while the CON group showed an 
increase, the WPG decreased 31.8%. These findings indi-
cate that walking significantly contributes to improve-
ments in liver function. In this context, Hickman et al. 
[64] reported that at the end of a weight loss interven-
tion, 68% of 21 patients achieved and maintained weight 
loss, with an average reduction of 9.4% (4.0%). They also 
reported a correlation (r = 0.35, p = 0.04) between the 
improvement in ALT level and the amount of weight 
lost. Notably, for those who maintained weight loss, the 
average ALT levels at the 15-month follow-up were sig-
nificantly lower than those at baseline, whereas for those 
who regained weight, the ALT levels at 15 months were 
similar to those at registration. These findings suggest 

that the normalization of liver function was sustained 
through the maintenance of weight loss.

The apparent independent benefit of PA on the liver 
suggests that changes in adipose function, beyond fat 
loss, such as improvements in adipose insulin sensitiv-
ity and alterations in adipokine secretion, may be crucial 
[65]. Although exercise-induced insulin sensitization is 
typically discussed in the context of improving skel-
etal muscle insulin resistance, in adipose tissue, insulin 
resistance is characterized by a reduced ability to sup-
press lipolysis with insulin, leading to increased free 
fatty acid release [66, 67]. The extent of adipose insulin 
resistance is associated with hepatic triglyceride levels 
in individuals with type 2 diabetes and NAFLD [68]. By 
improving insulin sensitivity, aerobic exercise reduces 
the free fatty acid concentration both at rest and under 
insulin-stimulated conditions [65, 69]. In fact, aerobic 
exercise increases energy expenditure, making it an effec-
tive method for weight loss [47, 52]. Moreover, regulat-
ing obesity through exercise not only reduces body fat 
but also increases lean mass, leading to significant health 
improvements. These findings reflect a trend similar 
to that observed in the walking program applied in this 
study. Ultimately, these research findings largely align 
with the results of previous studies. It can be concluded 
that the walking exercise implemented in this research 
led to positive changes in body composition, blood lipid 
profiles, and the ultrasound-detected prevalence among 
older adults with MASLD.

However, despite these findings, this study has several 
limitations. First, while the sample size was determined 
via scientific methods, the participants may not have fully 
represented the broader older population. Second, since 
all participants in this study were of East Asian descent, 
applying the interventions used here to older individuals 
of other ethnic backgrounds may present certain limita-
tions. Third, while this study focused on representative 
factors related to MASLD, it is important to recognize 
that the scientific community has identified a more 
diverse range of factors beyond those explored in this 
research. Given these limitations, further studies examin-
ing the impact of PA on a larger and more diverse cohort, 
along with assessments of a broader range of MASLD-
related biomarkers, are needed.

Conclusions
This study revealed that long-term walking, when cou-
pled with a healthy diet, can positively impact MASLD 
markers in older adults, although some limitations 
should be taken into account.
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