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Barriers to Exercise in Patients With Metabolic Dysfunction-
Associated Steatotic Liver Disease: A Patient Survey
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Abstract

Background: Although adequate physical activity is an essential 
component of treatment for metabolic dysfunction-associated stea-
totic liver disease (MASLD), the majority of people with MASLD do 
not engage in regular exercise and lead sedentary lifestyles. We aimed 
to identify perceived barriers to exercise and to examine awareness 
about the role of exercise in the treatment of MASLD.

Methods: Individuals aged 18 years and above were recruited from 
a hepatology outpatient clinic. MASLD severity was assessed using 
controlled attenuation parameter (CAP) and transient elastography 
(TE) determined liver stiffness measurement (LSM) for the severity 
of hepatic steatosis and fibrosis, respectively. An online questionnaire 
was administered to record self-reported exercise patterns, barriers to 
exercise, and knowledge regarding effectiveness of different types of 
exercise for MASLD.

Results: Eighty-one participants (57% female) with a mean age of 
55.3 ± 13.4 years and a mean body mass index (BMI) of 33.8 ± 6.4 
answered the questionnaire. The mean CAP score was 335.7 ± 47.8 
dB/m, and the median LSM was 12.45 kPa. While most patients 
(83%) considered MASLD to be a serious health concern, 73% did 
not achieve the recommended exercise levels of ≥ 150 min of moder-
ate-intensity physical activity per week, and 54% were unsure about 
the role of exercise in the treatment of MASLD. Commonly reported 
barriers to exercise included physical and mental health issues (57%), 
lack of time (43%), lack of enjoyment in exercising (31%), fatigue 
caused by exercise (24%), and others (25%).

Conclusions: Most participants with MASLD were unaware of the 
role of exercise as a potential treatment option and were not achieving 

recommended exercise levels. Inadequate time, physical and mental 
health problems, lack of enjoyment in exercise, and fatigue were ma-
jor barriers.

Keywords: Liver steatosis; Liver fibrosis; Challenges; Physical ac-
tivity; Lifestyle

Introduction

Metabolic dysfunction-associated steatotic liver disease (MA-
SLD) [1] is a new term for the entity previously known as non-
alcoholic fatty liver disease (NAFLD), affecting over 30% 
of the global population [2, 3]. Approximately 25% of indi-
viduals with NAFLD progress to non-alcoholic steatohepatitis 
(NASH), characterized by liver inflammation and hepatocyte 
cell ballooning and are at higher risk of developing liver fi-
brosis and cirrhosis [4]. In Australia, the prevalent NAFLD 
and NASH cases are projected to increase by 25% and 40%, 
respectively, between 2019 and 2030. Furthermore, there is an 
expected rise of 85% in the incidence of advanced liver dis-
ease and NAFLD-related liver deaths by 2030 [5]. Given the 
evolution of the nomenclature of NAFLD and MASLD and the 
accepted interchangeability of the terms, findings pertaining 
to NAFLD and NASH may be extrapolated to MASLD and 
metabolic dysfunction-associated steatohepatitis (MASH), re-
spectively [1, 6].

Currently, there is no approved pharmacological therapy 
for NAFLD, and lifestyle changes including diet and regular 
exercise form the core of its treatment [7]. The European As-
sociation for the Study of the Liver (EASL) and the American 
Association for the Study of Liver Diseases (AASLD) rec-
ommend patients with NAFLD to achieve 150 - 200 min of 
moderate-intensity exercise per week [8]. Extensive research 
has concluded that regular exercise, which is planned, struc-
tured, and purposeful, plays a pivotal role in the prevention 
and treatment of NAFLD, as well as in reducing the burden of 
extrahepatic comorbidities such as diabetes, obesity, cardio-
vascular disease, and cancer [7, 9, 10]. Studies indicate that 
both resistance and aerobic exercise are effective in reducing 
liver fat [11]. However, exercise advice and guidelines have 
failed to ameliorate the exponential growth in the incidence 
of hepatic steatosis for more than a century [12]. This may 
be attributed, in part, to a significant proportion of individuals 
with NAFLD struggling to initiate and maintain regular exer-
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cise habits, which poses a substantial challenge in implement-
ing exercise programs as first-line therapy for NAFLD [13]. 
Furthermore, the optimal modality and intensity of exercise 
that should be performed by patients is still unclear [14]. The 
current consensus around the choice of exercise modality and 
intensity is that exercise should be personalized based on the 
patients’ fitness levels and preferences [14].

Despite guidelines and evidence supporting the impor-
tance of exercise, it has been reported that most patients with 
NAFLD fail to achieve these recommendations [15]. One pos-
sible reason for this could be that patients with NAFLD have 
poor cardiorespiratory fitness levels and face difficulties in 
performing regular physical activities [16, 17]. Another con-
tributing factor is the disruption of energy metabolism caused 
by mitochondrial dysfunction, which is a common feature of 
advanced NAFLD. This leads to less energy being available 
for skeletal muscles to perform exercise [18]. To the best of 
our knowledge, only a few studies have focused on identifying 
the barriers to regular exercise other than fatigue that prevent 
patients with NAFLD from engaging in regular physical activ-
ity [4, 15]. However, these studies did not assess perceptions 
of patients regarding the significance of exercise as a first-line 
therapy in NAFLD.

Therefore, our aim was to characterize the barriers to exer-
cise in patients with MASLD, which is crucial for successfully 
incorporating a program that improves exercise adherence 
and reduces sedentary behavior in these patients. We sought 
to identify perceived barriers to exercise in patients with MA-
SLD. Additionally, we assessed physical activity levels, self-
perceived awareness, and perception of exercise, and its sig-
nificance in the treatment of MASLD.

Materials and Methods

Study population

We enrolled adults aged above 18 years who were attending 
an outpatient hepatology clinic at a tertiary Australian hospi-
tal and had a clinical diagnosis of MASLD. Participants were 
assessed for the severity of hepatic steatosis using controlled 
attenuation parameter (CAP) and fibrosis by transient elastog-
raphy (TE) with FibroScan® 502 Touch, as per routine clinical 
practice by an experienced consultant hepatologist, and MA-
SLD diagnosed using recent consensus guidelines [1]. The TE 
and CAP assessments were considered valid if they fulfilled 
the manufacturer’s guidelines, i.e., at least 10 valid liver stiff-
ness measurements (LSMs) with an interquartile range of < 
30% and a success rate of ≥ 60% [19]. Participants with a CAP 
score of ≥ 275 dB/m, consistent with the approved threshold 
for hepatic steatosis diagnosis were invited to participate in 
the study. We defined MASLD as a steatotic liver with at least 
one metabolic risk factor without excessive alcohol consump-
tion, according to the recent consensus nomenclature [1]. Par-
ticipants with secondary causes of chronic liver disease such 
as autoimmune hepatitis, viral hepatitis, or significant alcohol 
consumption, and those with decompensated chronic liver dis-
ease with hepatic encephalopathy, ascites, esophageal varices, 

and hepatocellular carcinoma (HCC), were excluded. Partici-
pants were screened by the consultant hepatologist at the site 
where the present study was conducted using standard of care 
clinical (including specific quantification of alcohol consump-
tion), biochemical, virological, immunological, ultrasound and 
liver stiffness assessments to exclude autoimmune hepatitis, 
viral hepatitis or significant alcohol consumption, hepatic 
encephalopathy, ascites, esophageal varices, and HCC. From 
these data, we were able to define a study population with the 
MASLD phenotype. Liver transaminase and platelet count re-
sults were extracted from the clinical records. From these, the 
fibrosis-4 (FIB-4) score was calculated. Ethics approval was 
obtained from the Human Research Ethics Committee at South 
Metropolitan Health Service (RGS0000004139) and Edith 
Cowan University (2020-01704-DESHPANDE). The study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as with the 
Helsinki Declaration.

Study questionnaire

We created an online questionnaire using Qualtrics, which 
we electronically transmitted to the study participants fol-
lowing consultation with their hepatologist in the clinic (Sup-
plementary Material 1, www.jocmr.org). Study participants 
completed the questionnaire during their clinic visit or virtu-
ally, which on average took approximately 5 - 7 min. The 
questionnaire consisted of various questions designed to as-
sess physical activity levels, perception and knowledge about 
MASLD, and its seriousness as a health concern. Addition-
ally, specific questions aimed to assess participant awareness 
regarding the role of exercise in the treatment of MASLD. 
The questionnaire included a list of 14 potential barriers to 
exercise, from which participants could choose multiple op-
tions. An open-text entry response was included to identify 
any additional barriers that were not listed. Responses to 
questions assessing perceptions and awareness were record-
ed as “yes/no/unsure”.

Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics 
for Windows (Version 29.0, Armonk, NY, USA: IBM Corp.), 
and graphs were designed using GraphPad Prism 10. Descrip-
tive statistics, using means, percentages, interquartile ranges, 
and standard deviations, were used to record the responses. 
Data are presented as mean ± standard deviation of the mean. 
Pearson’s and Spearman’s correlations were computed to as-
sess the associations between baseline variables and question-
naire responses. One-way analysis of variance (ANOVA) and 
Student’s t-test with the Mann-Whitney U test, as appropriate, 
were used to assess differences between groups. Logistic re-
gression analysis was used to assess the effects of age, gender, 
ethnicity, socioeconomic and education and occupation indi-
ces on the likelihood of the most common exercise barriers. 
The influence of liver-related variables on exercise behaviors 
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was also assessed. Differences were considered statistically 
significant at a P value of less than 0.05.

Results

Study population

A total of 81 participants (57% female) with a mean age of 55.3 
± 13.4 (range: 20 - 81) years and a mean body mass index (BMI) 
of 33.8 ± 6.4 (22.8 - 60.6) answered the questionnaire. Table 1 
summarizes the demographic and clinical characteristics of all 
the participants (n = 81) who answered the questionnaire. Based 
on their CAP and LSM scores, we categorized the participants 
into hepatic steatosis grade and hepatic fibrosis stages of MA-
SLD. Quantification and grading of hepatic steatosis and hepatic 
fibrosis was performed as described in the study of Cao et al 
[20]. A high number of participants (63.1%) had grade 3 stea-
tosis (S3), whereas 38% had suspected liver cirrhosis (F4). Al-
though 81 participants responded to the questionnaire, the CAP 
and LSM scores for five participants were missing. We recorded 
their responses to all questions, but we were unable to classify 
them according to the severity of MASLD. Thirty participants 
(42.3%) were diabetic, while 41 were nondiabetic (57.7%).

Perceptions, awareness and exercise behaviors

The majority of participants (83%) agreed that a steatotic (or 
fatty) liver is a serious health concern. However, more than 
half (54%) were unsure about exercise as a therapeutic option 
for MASLD. A significant proportion of participants (73%) did 
not meet the recommended exercise guidelines of at least 150 
min of moderate-intensity exercise or 75 min of vigorous exer-
cise per week. When asked about their daily step count, 64% of 
them did not walk at least 10,000 steps per day. Additionally, 

21% were unsure about their step count as they did not monitor 
this activity. We evaluated the influence of liver-related vari-
ables on exercise behaviors and found that severity of hepatic 
steatosis and fibrosis did not significantly influence exercise 
behaviors. Similarly, the Fib-4 index also had no significant 
impact on exercise behaviors (Table 2).

Table 1.  Demographic Characteristics of the Participants Who Participated in the Study

MASLD 
(n = 81)

Hepatic steatosis grade Hepatic fibrosis stage
S1 S2 S3 F1 F2 F3 F4

Age (years) 55 (13.4) 60 (15.2) 49 (11.6) 55 (13.6) 53 (11.4) 55 (13.3) 66 (9.07) 58 (12.1)
Male, n (%) 35 (43) 5 (33.3) 6 (46.2) 22 (45.8) 2 (50) 5 (55.6) 0 (0) 12 (38.7)
Female, n (%) 46 (57) 10 (66.6) 7 (53.8) 26 (54.2) 2 (50) 4 (44.4) 5 (100) 19 (61.3)
Ethnicity, n (%)
Caucasian 49 (60.5) 9 (60) 10 (76.9) 28 (58.3) 2 (50) 4 (44.4) 4 (80) 22 (71)
Indian 2 (2.5) 1 (6.7) - 1 (2.1) 1 (25) - - -
African 2 (2.5) - - 2 (4.2) - - - -
Asian 12 (14.8) 3 (20) 2 (15.4) 5 (10.4) - 3 (33.3) 1 (20) 1 (3.2)
Aboriginal and Torres Strait Islander 1 (1.2) 1 (6.7) - - - - - -
Other 15 (18.5) 1 (6.7) 1 (7.7) 12 (25) 1 (25) 2 (22.2) - 8 (25.8)
BMI 33.8 (6.4) 30.4 (4.8) 31.2 (5.0) 36 (6.7) 33.9 (3.6) 29.7 (4.7) 31.9 (6.3) 36.7 (7.5)

Mean and SD values of 81 participants are shown. S1: steatosis grade 1; S2: steatosis grade 2; S3: steatosis grade 3; F1: fibrosis grade 1; F2: 
fibrosis grade 2; F3: fibrosis grade 3; F4: fibrosis grade 4; SD: standard deviation; MASLD: metabolic dysfunction-associated steatotic liver disease.

Table 2.  Multinomial Logistic Regression Analysis of Liver-Re-
lated Variables Influencing the Exercise Behaviors

Do you perform 
at least 150 min/
week of exercise?

Predictors B OR P value

Yes S1 -2.81 0.06 0.12
S2 -46.18 8.74 0.99
S3 0 - -
F1 -28.76 3.23 0.99
F2 -0.75 0.47 1
F3 22.13 411.8 0.99
F4 -42.22 4.59 0.98
Fib4 (57) -0.34 0.71 0.50

No S1 -2.61 0.07 0.06
S2 -29.12 2.24 0.98
S3 0 - -
F1 -30.25 7.22 0.98
F2 -0.64 0.52 1.00
F3 3.61 36.99 -
F4 -41.44 9.99 0.98
Fib4 (57) -0.27 0.75 0.48

P value was significant at < 0.05. S1: steatosis 1; S2: steatosis 2; S3: 
steatosis 3; F1: fibrosis 1; F2: fibrosis 2; F3: fibrosis 3; F4: fibrosis 4; B: 
regression coefficient; OR: odds ratio.
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In terms of exercise type, almost 36% of participants 
believed that aerobic exercise, such as walking and running, 
would be more effective in reversing MASLD, while only two 
participants considered resistance exercise to be helpful. How-
ever, 28% of the participants believed that both resistance and 
aerobic exercises could be beneficial. Nevertheless, almost 
34% were unsure about the optimal type of exercise that they 
should engage in to manage their liver health (Fig. 1).

We examined whether there were any significant corre-
lations between the questionnaire responses and the baseline 
CAP and LSM scores. Our findings revealed that BMI was 
positively correlated with CAP (Pearson’s r = 0.44, P < 0.01) 
and LSM (r = 0.24, P < 0.05) (Fig. 2a, b). Additionally, we 
observed a positive correlation between age and liver stiffness 
(r = 0.30, P < 0.01) (Fig. 2c). However, we did not find any 
significant correlation between age and liver fat content as 
measured by the CAP score. We found no significant differ-
ence in the mean CAP scores between diabetic and nondiabetic 
participants (331 vs. 336, P = 0.07). Likewise, the mean LSM 
scores showed no significant difference between diabetics and 
nondiabetics (17.8 vs. 13.63, P = 0.2).

Associations of exercise behavior and liver fat severity with 
relative socioeconomic and education and occupation sta-
tus

We used the Socio-Economic Indexes for Areas (SEIFA) data 
in 2021 from the Australian Bureau of Statistics (ABS) and 
examined the exercise behaviors and severity of CAP and 
LSM scores of patients based on their relative socioeconomic 
and education and occupation indices using their residential 
post codes in Perth. SEIFA combines census data, such as in-
come, education, employment, occupation, housing, and fam-
ily structure, to summarize the socioeconomic characteristics 
of an area. We used their decile scoring system, in which each 
area (suburb) receives a SEIFA decile score out of 10, indicat-
ing how relatively advantaged or disadvantaged that area is 
compared to other areas. Decile 1 is the most disadvantaged, 
and decile 10 is the most advantaged area relative to other 
deciles. Decile 5 shows the average ranking. This analysis was 
only performed for 74 patients, as the residential information 
for seven patients was missing.

We observed that the number of people with MASLD was 
evenly distributed based on their relative socioeconomic indi-
ces. However, based on the education and occupation index, 
the number of participants in the low-decile group slightly ex-
ceeded those in the high or above-average decile group. Ap-
proximately 55% of the participants resided in areas near the 
most disadvantaged decile (2) and in below-average regions 
(Fig. 3). LSM severity scores showed a negative correlation 
with both socioeconomic (r = -0.35, P < 0.01) and education 
and occupation (r = -0.37, P < 0.01) decile scores (Fig. 2d, e). 
However, socioeconomic and education and occupation indi-
ces did not exhibit a significant correlation with CAP scores. 
Inactive participants who did not meet the recommended exer-
cise guidelines were also evenly distributed between the high 
and low decile score areas based on their socioeconomic and 

education and occupation indices.
We categorized the decile scores for both the indices into 

three groups. The first group, labeled “Top 3”, included par-
ticipants with decile scores of 1, 2, and 3. The second group 
was termed “Bottom 3” and consisted of decile scores of 8, 9, 
and 10. The third group, termed the “Average score group”, 
included scores of 4, 5, 6, and 7. One-way ANOVA was used 
to assess whether there were any significant differences in the 
CAP and LSM scores between the three groups. For the CAP 
scores, no significant differences were observed among the 
three groups for socioeconomic, education and occupation in-
dices. Similarly, LSM scores did not differ significantly among 
the groups based on the education and occupation index. How-
ever, a notable difference emerged in LSM scores concerning 
the socioeconomic index. The sample size (n) and means (M) 
for the three groups were significantly different (F2,70 = 3.5, P 
< 0.05) between the Top 3 (n = 20, M = 22.10), Bottom 3 (n 
= 25, M = 12.27), and Rest (n = 28, M = 12.40). Despite this 
significance, the post-hoc analysis did not specify the exact 
differences between the groups.

Barriers to exercise

Table 3 provides a description of all the exercise barriers list-
ed in the questionnaire. Among the predefined options, the 
most commonly reported barriers were health issues (57%), 
lack of time (43%), lack of enjoyment in exercising (31%), 
other barriers (25%) and energy requirement and fatigue 
caused by exercise (24%). The other barriers described by 
participants in the free text option were as follows: depres-
sion, laziness, lack of motivation, lack of energy to exercise 
after work, joint pain from osteoarthritis, lack of companion-
ship, and other commitments taking precedence. Factors such 
as peer pressure (0%), safety, accessibility and traffic issues 
(4%), discouragement and body shaming by others (9%), and 
lack of self-confidence to exercise (14%) were less common-
ly reported barriers.

When gender differences were accounted for, lack of 
time, health issues, and other barriers were common barriers 
for both men and women. However, women also reported lack 
of money and energy requirement and fatigue caused by ex-
ercise (28%) as their significant barriers to exercise. On the 
other hand, lack of enjoyment in exercise (40%) and boredom 
or nothing innovative in exercising (23%) were also reported 
as two of their leading barriers to exercise. We performed bi-
nomial logistic regression analyses to assess the influence of 
the independent variables such as age, gender, ethnicity, socio-
economic status, and education and occupation indices on the 
most significant barriers to exercise reported by participants 
(Table 4). We found that age was negatively associated with 
lack of time as a barrier. The odds for people choosing lack of 
time as their barrier to exercise went down with increasing age 
(P = 0.002, OR = 0.93). Similarly, as age increased, the like-
lihood of energy requirement and fatigue caused by exercise 
as a barrier was reduced (P = 0.02, OR = 0.94). Nonetheless, 
the likelihood of people choosing health issues as their barrier 
went up with age (P = 0.03, OR = 1.04).
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Figure 1. Perceptions, awareness and exercise behaviors. (a) More than half (54%) of the participants were unsure about 
exercise as a therapeutic option for MASLD. (b) Majority of the participants (83%) agreed that fatty liver is a serious health con-
cern. (c) Majority of the participants (73%) did not achieve the recommended exercise guidelines. (d) Sixty-four percent of the 
participants did not walk at least 10,000 steps per day. (e) Aerobic exercise was picked as the most effective exercise (36%), 
and 28% thought that both aerobic and resistance exercise were effective in MASLD therapy. However, a noteworthy proportion 
(36%) were unsure about the optimal exercise type for MASLD therapy. MASLD: metabolic dysfunction-associated steatotic liver 
disease.
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Figure 2. Correlations of CAP and LSM with age, BMI, socioeconomic and education and occupation indices. (a). Participants 
with high BMI had high CAP scores (r = 0.44, P < 0.01). (b) Participants with high BMI also appeared to have elevated LSM 
scores (r = 0.24, P < 0.05). (c) Older participants appeared to have higher LSMs (r = 0.30, P < 0.01). (d) LSM was inversely cor-
related with the socioeconomic status of the participants (r = -0.35, P < 0.01). (e) LSM was inversely correlated with the educa-
tion and occupation indices of participants (r = -0.35, P < 0.01). Decile scores: 1 - most disadvantaged, 5 - average, 10 - most 
advantaged. CAP: controlled attenuation parameter; LSM: liver stiffness measurement; BMI: body mass index.
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Discussion

While nearly all the participants in our study acknowledge 
the serious health consequences of MASLD, a considerable 
number lacked awareness regarding the significance of exer-
cise and the optimal exercise interventions for MASLD treat-
ment. A previous study examined the perception of people 
with NAFLD regarding exercise as a foundational treatment 
for NAFLD and found that the majority of participants agreed 
that exercise was important, and they also preferred exercise 
over medication to treat their NAFLD [15]. This differs from 
our observations, where we found that most participants were 
unsure about the significance of exercise as a treatment op-
tion for MASLD. Furthermore, many participants in our study 
were uncertain about the optimal modality of exercise that 

would be beneficial for them in improving their MASLD. This 
indicates that raising awareness among individuals regarding 
the role of exercise and optimal types of exercise in treating 
MASLD is crucial.

Almost three-quarters of our participants did not meet the 
recommended physical activity guidelines [8]. Our observa-
tions confirm and extend previous observations, which indi-
cate that 80% of patients with NAFLD do not exercise for at 
least 150 min of moderate-intensity exercise per week [13, 21]. 
The exercise behaviors were not influenced by the severity of 
hepatic steatosis, liver fibrosis, and the Fib-4 scores. Fib-4 is a 
simple noninvasive tool which can reliably diagnose patients 
who are at higher risk of having advanced fibrosis [22]. Nev-
ertheless, the association of Fib4 scores needs to be interpreted 
with caution as we only had scores for 57 participants out of 
81. We also found that the majority of participants in our study 

Table 3.  Responses to Barriers to Exercise

Barrier Frequency (%)
1. Lack of time 43
2. Lack of enjoyment in exercising 31
3. Boredom or nothing innovative in exercising 15
4. Lack of support (from family, friends, society) 13
5. Health issues (physical and mental) 57
6. Lack of self-confidence to engage in exercise 14
7. Lack of knowledge about exercise and how to perform them correctly 15
8. Peer pressure 0
9. Lack of money 19
10. Energy requirement and fatigue during and after exercise 24
11. Discouragement or body shaming by others 9
12. Safety, accessibility or traffic issues 4
13. Other 25

Health issues, lack of time, lack of enjoyment in exercising, other barriers, and fatigue caused during and after exercise were the leading barriers to 
achieve recommended amounts of exercise for participants.

Figure 3. Socioeconomic, education and occupation indices for all participants. (a) Socioeconomic index. The socioeconomic 
status of participants did not differ significantly and was evenly distributed across most-advantaged and most-disadvantaged 
regions. (b) Education and occupation index. The number of participants residing in the low decile score regions (55% in decile 
2) exceeded those in the high or above-average decile score regions based on their education and occupation index.
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were not walking at least 10,000 steps per day. Recent studies 
have shown a strong association between increased step count 
and a reduction in the risk of diabetes and all-cause mortal-
ity [23, 24]. Although the effects of daily step count have not 
been investigated in MASLD, the underlying metabolic risk 
factors in diabetes are the same in MASLD. Thus, it is highly 
likely that increasing the daily step count could help mitigate 
the burden of MASLD.

We found a significant positive correlation between BMI 
and both the CAP and LSM scores. This suggests that a higher 
BMI is associated with increased liver fat content and wors-
ened liver stiffness, indicating a potential link between weight 
and MASLD severity. Several studies have reported similar 
observations, demonstrating that weight gain and high BMI 
are independent risk factors for the development and progres-
sion of NAFLD, applicable to both obese and non-obese indi-
viduals [25, 26]. Indeed, many studies have shown that even a 
modest degree of weight loss is significantly effective in im-
proving NAFLD [27]. Furthermore, studies indicate that the 
onset and progression of NAFLD increases with age due to 

chronic inflammation, oxidative stress, and mitochondrial dys-
function, which alters the normal metabolic profile and drives 
the progression of liver fibrosis [28, 29]. This reinforces the 
importance of MASLD assessment across the age spectrum.

The presence of diabetes in 30 participants highlighted 
the bidirectional relationship between NAFLD and type 2 dia-
betes mellitus (T2DM), which has been attributed to under-
lying inflammation and insulin resistance [30]. Studies have 
shown that diabetes promotes the advancement of fatty liver 
to NASH, further elevating the risk of developing cirrhosis 
and liver cancer [31, 32]. However, a recent study showed that 
measuring the amount of liver fat can help predict the risk of 
overall mortality and development of T2DM [33]. It has been 
observed that reducing liver fat can significantly reduce the 
risk of developing T2DM [33, 34]. The severity of hepatic 
steatosis has also been associated with an increased risk of car-
diovascular disease in middle-aged adults with T2DM [35]. As 
the majority of participants in our study did not have diabe-
tes, this could indicate that the development of fatty liver may 
precede the onset of T2DM. Moreover, regular screening for 

Table 4.  Binomial Logistic Regression Analysis of Factors Influencing the Leading Barriers to Exercise

Barriers Predictors B 95% CI OR P value
Lack of time Age -0.07 0.89 - 0.97 0.93 0.002*

Gender 0.36 0.49 - 4.18 1.43 0.50
Ethnicity -0.48 0.68 - 1.33 0.95 0.78
SES 0.11 0.72 - 1.73 1.12 0.59
Eduocc -0.098 0.59 - 1.38 0.90 0.65

Lack of enjoyment Age -0.01 0.94 - 1.03 0.98 0.57
Gender -0.89 0.14 - 1.16 0.40 0.09
Ethnicity -0.26 0.52 - 1.11 0.76 0.16
SES 0.08 0.70 - 1.68 1.08 0.70
Eduocc -0.13 0.56 - 1.35 0.87 0.55

Health issues Age 0.04 1.00 - 1.08 1.04 0.03*
Gender 0.16 0.42 - 3.23 1.17 0.75
Ethnicity 0.04 0.75 - 1.45 1.04 0.78
SES 0.01 0.66 - 1.54 1.01 0.94
Eduocc -0.08 0.60 - 1.38 0.91 0.68

Energy requirement and fatigue Age -0.54 0.90 - 0.99 0.94 0.02*
Gender 1.11 0.84 - 10.9 3.04 0.09
Ethnicity 0.11 0.78 - 1.60 1.12 0.52
SES -0.26 0.46 - 1.25 0.76 0.29
Eduocc 0.22 0.77 - 2.03 1.25 0.35

Others Age -0.004 0.95 - 1.04 0.99 0.86
Gender 0.22 0.38 - 4.09 1.25 0.71
Ethnicity -0.25 0.49 - 1.21 0.77 0.26
SES 0.21 0.74 - 2.07 1.24 0.40
Eduocc 0.07 0.67 - 1.73 1.07 0.75

*P value was significant at < 0.05. SES: socioeconomic index; Eduocc: education and occupation index; B: regression coefficient; OR: odds ratio; 
CI: confidence interval.
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T2DM in individuals with NAFLD is important for predicting 
and managing the risk of future T2DM development. The ex-
ercise barriers reported by people with T2DM are also similar 
to people with MASLD. A study found that the majority of 
T2DM patients were physically inactive, and factors related 
to low motivation such as lack of time, lack of willpower, and 
lack of energy were the main barriers to exercise. These bar-
riers are almost identical to what we found in our study and 
may reflect existing knowledge that approximately 55-68% of 
those with T2DM have coexisting hepatic steatosis [36].

We assessed the influence of relative socioeconomic and 
education and occupation indices on the behaviors and disease 
severity of people with NAFLD. While we found a balanced 
distribution of patients based on their socioeconomic status, 
there was a slightly higher incidence of MASLD among in-
dividuals residing in areas characterized as less advantaged 
based on the education and occupation index. This suggests 
that individuals with lower education levels or those engaged 
in low-skilled occupations are more susceptible to developing 
fatty liver, potentially due to limited awareness of MASLD, 
lack of access to healthcare facilities, and unhealthy dietary 
choices such as affordable junk food options.

Interestingly, our analysis revealed a uniform prevalence 
of participants not meeting the recommended exercise guide-
lines, irrespective of their socioeconomic and education and 
occupation indices. This highlights the widespread issue of 
insufficient physical activity among individuals with NAFLD 
[13]. We identified a negative correlation between LSM scores 
and both socioeconomic and education and occupation indi-
ces. This indicates that individuals residing in socioeconomi-
cally disadvantaged areas or those employed in low-skilled 
occupations, and with lower education levels, exhibit higher 
liver stiffness, potentially making them more susceptible to 
progressing to advanced stages of MASLD. A study of middle-
aged Korean adults found that low socioeconomic scores were 
independently associated with an increased risk of NAFLD 
[37]. Koutny et al [38] found a significantly higher prevalence 
of NAFLD based on the fatty liver index (FLI) and liver FIB-
4 scores in the low education group than in the high educa-
tion group. However, a recent study found that people who 
were categorized in the highest wealth group were signifi-
cantly more likely to have high FLI scores compared to those 
in the low wealth category [39]. The authors speculated that 
this could be a result of low physical activity and high calo-
rie intake among these individuals. These findings underscore 
the urgent need for increased awareness of MASLD and its 
management, particularly among vulnerable populations. The 
uniform distribution of CAP scores across all the relative so-
cioeconomic, education and occupation indices indicates that 
MASLD is prevalent in all the regions encompassed by our 
study population. While the influence of education attainment 
and occupation on LSMs was not statistically significant, so-
cioeconomic factors significantly affected the extent of liver 
stiffness. However, the data do not reveal where the exact dif-
ferences lie within the three groups or whether the socioeco-
nomic index has a more pronounced influence on a specific 
demographic.

Physical and mental health issues were the leading barriers 
to exercise. This may be due to the extrahepatic comorbidities 

associated with NAFLD pathogenesis. The pathophysiology 
of NAFLD involves multiple organs, leading to comorbidi-
ties such as T2DM, obstructive sleep apnea, cardiovascular 
disease, chronic kidney disease, polycystic ovarian syndrome, 
and osteoporosis [40]. Recent studies have shown a strong 
correlation between NAFLD pathogenesis and the presence 
of rheumatoid arthritis, hypothyroidism, psoriasis, and male 
sexual dysfunction [40]. Joint pain, fatigue, and muscle loss 
are commonly observed symptoms of these disorders, which 
are responsible for the poor physical function capacity of in-
dividuals with NAFLD and may result in sarcopenia [41]. Our 
results also showed that the likelihood of health issues as a 
significant exercise barrier increased with increasing age. Fur-
thermore, there is a strong mechanistic link between NAFLD, 
mental health disorders, and metabolic syndrome mediated by 
oxidative stress, inflammation, and mitochondrial dysfunction 
[42]. Thus, mental health issues are leading barriers to exer-
cise, as these conditions can lead to severe fatigue, pain, and 
loss of physical function.

Insufficient time to exercise was the second most com-
monly reported barrier, consistent with other studies conducted 
in healthy and obese adults [43-45]. Busy lifestyles, work com-
mitments, and no time to go to the gym are common reasons 
for poor exercise habits. Lack of time was a more common 
barrier for people who were less old. This probably stands true 
as most of the older people are retired and may not be as busy 
as those who are working. Simple resistance exercises, such 
as push-ups and squats using only bodyweight, are helpful in 
improving the biomarkers of metabolic syndrome in NAFLD 
[46]. Furthermore, a few studies have shown that home-based 
exercise programs could help improve the metabolic profile 
of patients who have undergone liver and lung transplants or 
those awaiting liver transplantation [47, 48]. Nonetheless, the 
efficacy of a home-based exercise program delivered via vide-
oconferencing in individuals with MASLD and MASH has not 
yet been evaluated. If such an exercise program, with minimal 
to no equipment, could be delivered online to individuals with 
MASLD by exercise professionals, it could encourage patients 
to participate in regular exercise and improve their exercise 
habits. This type of exercise program might also help in mak-
ing the exercises more palatable and enjoyable for patients, 
given that a lack of enjoyment in exercising was also reported 
as a major barrier to exercise.

We found that fatigue experienced during and after ex-
ercise was also a common barrier that prevented participants 
from engaging in regular exercise. This is likely related to the 
physical discomfort experienced by these participants dur-
ing and after the exercise. Studies suggest that participants 
with NAFLD have poor cardiorespiratory fitness levels and a 
greater rate of perceived exertion during exercise, significantly 
impacting their ability and willingness to participate in exer-
cise [16, 49]. The negative association between age and energy 
requirement and fatigue as a barrier was interesting. This may 
indicate that fatigue caused by MASLD is not restricted to old 
and frail people. Administering a personalized exercise pro-
gram that is physically less demanding and easier to perform 
could be an effective way to address this barrier. One such op-
tion is eccentric muscle contractions with eccentric exercise, in 
which the muscles generate force while lengthening. Studies 
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have found that eccentric contractions are metabolically less 
demanding, thus producing less fatigue and cardiorespiratory 
stress, making them a suitable option for chronically ill indi-
viduals [50, 51].

It has been observed that sex differences contribute signifi-
cantly to the prevalence and development of MASLD [52]. We 
also found differences between men and women regarding their 
significant barriers to exercise (Table 4). Women documented 
fatigue and energy requirement in exercise as one of their com-
mon barriers. Menopause could be a reason behind this as the 
average age of the women cohort in our study was 58 years. The 
metabolic and hormonal changes associated with menopause 
can lead to fatigue and lowered tolerance to exercise [53].

There are several limitations to our study. Our sample size 
was not sufficiently large to detect more associations and to 
gain a deeper understanding of the perceptions of exercise in 
participants with MASLD. Furthermore, self-reported physi-
cal activity levels and disease awareness may be subject to 
overestimation or underestimation by participants. Some of the 
participants answered the questionnaire virtually as opposed to 
the others who did it in person. While this can be a source 
of bias, we ensured that no additional or different information 
was provided to participants who answered the questionnaire 
in person to minimize any potential biases. Both in-person and 
virtual participants answered the questionnaire via an online 
link provided to them via text or email. Although Fibroscan is 
a reliable tool for detecting liver fibrosis, accurately assessing 
liver steatosis (the fat content in the liver), particularly in obese 
participants, could pose challenges and potentially impact the 
results. It is possible that participation in, and enjoyment of 
exercise could be improved by paying attention to features of 
the built environment and opportunities for physical activity in 
sedentary occupations.

In conclusion, we found that participants were aware of 
MASLD and its serious health consequences but lacked aware-
ness of the significance of exercise in its treatment. The pres-
ence of various physiological and behavioral barriers to exer-
cise highlights the necessity for a nuanced approach to therapy 
by understanding these barriers to enhance the overall health 
and quality of life in individuals with MASLD. Developing 
personalized training programs tailored to individual fitness 
levels and patient preferences can promote long-term adher-
ence and sustainability. Prioritizing future research to identify 
such effective exercise interventions is crucial for improving 
morbidity and mortality rates in MASLD and reducing the 
overall burden on the healthcare system.

Supplementary Material

Suppl 1. Study questionnaire.
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