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Background: The prevalence of metabolic dysfunction-associated steatotic liver disease (MASLD) continues to rise each year, posing a significant threat to people in their physical and mental health, as well as imposing a considerable economic burden on healthcare systems. Furthermore, physical activity (PA) is recognized as one of the effective strategies for the prevention of MASLD. However, the epidemiological evidence on the association between weekend warriors’ (WWs) exercise modes and MASLD is inconsistent. The primary objective of this study was to further investigate the association between weekend warriors and the prevalence of MASLD using the NHANES database.

Methods: This study included a total of 4,671 participants from the National Health and Nutrition Examination Survey (NHANES) database. PA questionnaires were used to assess participants’ PA patterns, while vibration-controlled transient elastography (VECT) was used to assess the degree of hepatic steatosis, and other data were used to diagnose MASLD. Three distinct models were developed to compare the associations between various exercise patterns and the prevalence of MASLD through logistic regression, and to compare the differences between RA and WWs in the prevalence of MASLD.

Results: There is a clear link between the involvement of WWs or RA participants and the lower prevalence of MASLD. In the final adjusted model, participants with a weekend warrior physical activity pattern (odds ratio [OR]: 0.511, 95% confidence interval [CI]: 0.373–0.701, p = 0.00.6) and those in the regular activity population (OR: 0.621, 95% CI: 0.512–0.754, p: 0.00.3) showed significantly lower risk ratios compared to individuals in the inactive and under-exercised populations, and this was statistically significant. Using the regular activity population as a reference, the risk of prevalence of MASLD in the weekend warrior group (OR: 0.857, 95% CI: 0.548–1.339, p: 0.516) indicates that no statistically meaningful disparity was observed between the two groups.

Conclusion: In summary, our results demonstrate a significant correlation between WWs’ activity patterns and their risk of MASLD, and they indicate that these patterns can improve MASLD with benefits comparable to those of RA. This provides additional options for individuals with MASLD who are unable to meet the recommended criteria in the exercise guidelines, along with treatment options for clinicians.
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1 Introduction

Currently, the leading cause of chronic liver disease worldwide is now non-alcoholic fatty liver disease (NAFLD) (1). Over the past decade—with further research advances in the complex physiological and pathological mechanisms of NAFLD—the fact that NAFLD is a multisystemic illness has increasingly come to light (2), meanwhile, the pathogenicity of NAFLD and its associated liver illnesses (liver cirrhosis, liver failure, and hepatocellular cancer) is significantly influenced by insulin resistance and metabolic dysfunction (3). In 2023, three notable international liver societies agreed to replace NAFLD with the nomenclature of metabolic dysfunction-associated steatotic liver disease (MASLD). The consistency between the two definitions is highly appropriate. According to relevant research, 99% of NAFLD patients meet the diagnostic criteria for MASLD (4). The nomenclature of MASLD not only better illustrates the physiological and pathological characteristics of this complex liver disease but also reflects the impact of cardiometabolic indicators, thereby increasing public understanding of the disease.

The development of MASLD is driven by various metabolic risk factors, including obesity, insulin resistance, hypertension, hyperlipidemia, and hyperglycemia (5).

MASLD is closely associated with both morbidity and mortality resulting from MASLD and its associated cardiovascular disorders, and it is recognized as a risk factor for adverse cardiovascular events. In addition, substantial epidemiological evidence indicates that MASLD is a risk factor for numerous extrahepatic cancers (such as malignancies of the breast, pancreas, esophagus, uterus, bladder, and colorectal regions, among others) (6), alongside hepatocellular carcinoma. Globally, the prevalence of MASLD has risen over the last three decades, and in 2019, nearly 30% of adults worldwide were expected to have it (7). With the rising prevalence of obesity, type-2 diabetes mellitus, and metabolic syndrome, MASLD has become more and more prevalent in the global population. A substantial and steadily rising global health and economic burden is posed by MASLD (8).

Currently, no specific medications have been approved to treat MASLD, and the principle of “prevention is better than cure” is particularly relevant for individuals with MASLD. Therefore, lifestyle changes remain an important aspect of combatting MASLD. The two main pillars of treatment for MASLD are dietary management and physical activity (8). First, dietary programs specifically involve a controlling diet to reduce calorie intake and eliminate ingredients that promote MASLD (i.e., processed foods and foods that contain large amounts of added fructose) (9). Second, physical activity is the best method to reduce an adult’s risk of MASLD. According to the World Health Organization (WHO) 2020 guidelines on physical activity and sedentary behavior (10), adults should engage in at least 150–300 min of moderate-intensity physical activity, 75–150 min of vigorous-intensity physical activity, or an equivalent combination of both, per week. Undoubtedly, these recommendations are effective in combatting MASLD, but in a prospective study of MASLD treatment through lifestyle changes, only 30% of the participants achieved weight loss through lifestyle changes by the end of the experiment over a 52-week period, and the reduction was only at the level of 5% of the original body weight, which was far from the requirement of a 10% reduction in body weight (11). This essentially represents the dilemma faced by some MASLD patients who struggle to achieve their weight-loss goals. Additionally, the available research indicates that approximately 80% of American adults and adolescents do not meet the minimal recommended weekly PA level (12). With the accelerated pace of global society, adherence to regular activity becomes increasingly challenging. Recently, a new model of physical activity has emerged: the “weekend warriors (WWs),” which encourages engaging in moderate-intensity exercise for at least 150 min only 1–2 times per week, as it better accommodates busy lifestyles. Numerous studies have also demonstrated that the WWs model achieves similar benefits to RA in reducing all-cause and cause-specific mortality (13), decreasing the risk of cancer death (14), lipid accumulation products (LAP) (15), and the cardiometabolic index (CMI) (16), as well as improving abdominal and general obesity (17) and frailty indices in adults (18). It also contributes to a decrease in diabetes mellitus (19) and risk of depressive episodes (20).

Our primary goal in this study has been to use the NHANES dataset to explore the association between various PA patterns and MASLD. Our findings might serve as a PA reference for MASLD patients seeking for an appropriate PA pattern, and to further confirm whether there is a relevance between exercise patterns in WWs or RA and the low prevalence of MASLD.



2 Methods


2.1 Data source

This cross-sectional study used the NHANES database operated by the Centers for Disease Control and Prevention (CDC), which assess the health and nutritional status of the US population (21). Data collection methods included face-to-face or telephone interviews, detailed questionnaires, laboratory analyses, and physical examinations. The NHANES protocol received approval from the National Ethical Review Board for Health Statistics, and written informed consent was obtained from all participants. All NHANES data were de-identified and the survey data and methods can be accessed on the NHANES official website (accessed till 28 October 2024). Since this study used publicly available data in compliance with the Declaration of Helsinki, ethics committee approval was not necessary.



2.2 Study cohort

Data for this study were obtained from participants in one cycle (2017–2020) of the NHANES database because vibration-controlled transient elastography (VCET) data were available in that population cycle. Liver biopsy is now the gold standard for assessing the extent of hepatic steatosis and diagnosing NAFLD. However, it has several disadvantages, including high cost, poor reproducibility, risk of bleeding, potential for infection, and even death (1:10,000) (22, 23). As a non-invasive method of assessing the prevalence and severity of NAFLD, physicians frequently use VCTE in their clinical practice. The use of controlled attenuation parameters (CAP) is very accurate in detecting hepatic steatosis and fibrosis (24). A total of 15,560 participants’ information was included in this cycle. All patients with missing physical activity questionnaire data and missing VECT results were excluded, as well as participants aged below 20 years and patients with missing covariates, as shown in Figure 1.
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FIGURE 1
 Flow diagram of the process for the selection. MASLD, metabolic dysfunction-associated steatotic liver disease; CAP, controlled attenuation parameter; PA, physical activity; PIR, poverty-to-income ratio; ALT, alanine transaminase; AST, aspartate aminotransferase; ALB, serum albumin.




2.3 Exposure variable: PA

The frequency (number of sessions per week) and duration (length of each session) of the activities from the PA questionnaire were used to calculate the total PA. In a typical week, participants were asked how often and for how long they engaged in fitness and leisure activities lasting at least 10 min continuously, as well as strenuous and moderate physical activity. Previous studies and guidelines from health authorities suggest that 1 min of vigorous activity (VPA) is equivalent to 2 min of moderate physical activity (MPA) (12). Therefore, total PA was calculated using the following formula: Total PA = 2 × Vigorous PA + Moderate PA. Based on self-reported leisure-time PA in the relevant articles, activity patterns were categorized into four groups: (1) inactive group (did not engage in vigorous or moderate PA), (2) underactive group (reported less than 150 min of total PA per week), (3) weekend warrior group (reported at least 150 min of total PA per week with an exercise frequency of 1–2 times), and (4) the regularly active group (reported at least 150 min of total PA per week with an exercise frequency of ≥3 times) (15).



2.4 Outcome variable: the MASLD

Fibroscan was used to determine the degree of hepatic steatosis (25) and hepatic steatosis was defined as a controlled attenuation parameter (CAP) ≥ 264 dB/m (26), and MASLD was defined as the presence of a CAP meeting the above criteria, excluding excessive alcohol consumption (≥2 alcoholic drinks per week) and viral hepatitis (hepatitis B and C) and meet one of the following cardiometabolic risk factors for hepatic steatosis: (1) body mass index (BMI) ≥25 kg/m2 (23 kg/m2 in Asia) or waist circumference (WC) ≥94/80 cm (male/female); (2) fasting glucose ≥100 mg/dL or glycosylated hemoglobin≥5.7%, or type-2 diabetes mellitus, or being receiving treatment for type-2 diabetes; (3) blood pressure ≥ 130/85 mm Hg or on antihypertensive therapy; (4) plasma triglycerides ≥150 mg/dL or on lipid-lowering therapy; and (5) plasma high-density lipoprotein cholesterol (HDL-C) <40 mg/dL in men or < 50 mg/dL in women, or on lipid-lowering therapy (27).



2.5 Covariates

This study included several important covariates, referring to previous relevant NHANES cross-sectional studies (28–30), Demographic covariates included, age, sex, ethnicity (Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, or other ethnicity), education level (middle school or below, high school, college or over), and poverty-to-income ratio (PIR) (<1.3, 1.3–3.49, and ≥ 3.5). Because the diagnostic criteria for MASLD include data on BMI, waist circumference, triglycerides (TG), HDL-C, fasting blood glucose, glycated hemoglobin, and excessive alcohol consumption, to prevent data covariance in the statistical analysis, the above indicators were not included as covariates in this study, and other data, including alanine transaminase (ALT), aspartate aminotransferase (AST), and serum albumin (ALB), whether or not they were hypertensive, whether or not they were diabetic, and whether or not they were smokers were chosen. Other data, including ALT, AST, ALB, hypertension, diabetes, and smoking, were selected as covariates. Smoking status was assessed by answering the question “Have you ever smoked at least 100 cigarettes in your life?” Those who answered “yes” were defined as smokers and those who answered “no” were defined as nonsmokers. Diabetes mellitus was defined as fasting blood glucose ≥126 mg/dL or glycosylated hemoglobin ≥6.5%, self-reported physician notification of diabetes mellitus, or treatment with insulin or medication for diabetes mellitus (31). Participants with systolic blood pressure measurements of ≥130 mm Hg or diastolic blood pressure measurements of ≥80 mm Hg, self-reported physician notification of hypertension, or taking antihypertensive medication were defined as having hypertension (32).



2.6 Statistical methods

Baseline characteristics were described as means (95% confidence intervals) (CIs) for continuous variables and numbers (percentages) for categorical variables. Student’s t-test was used to compare continuous data, and chi-square test was used to compare categorical data. Logistic regression models were used to estimate the odds ratios (ORs) and 95% confidence intervals for the association between PA and MASLD. Three logistic regression models were executed to explore the association between PA and MASLD based on covariate adjustment: Model 1: Unadjusted for covariates; Model 2: adjusted for demographic variables (PIR, age, sex, ethnicity, and educational level); Model 3: Model 2 served as a base and was further adjusted for smoking status, hypertension, diabetes, and serum markers (ALT, AST, and ALB). Subgroup analyses were performed based on the following covariates: Ethnicity, sex, education level, PIR, smoking, hypertension, and diabetes. In addition, multivariate logistic regression analyses were employed to investigate the association between weekend warriors and MASLD, using participants who exercised regularly as the reference group, excluding both inactive and underactive participants. Results are presented as ORs and CIs.

All data analyses in this study were performed using EmpowerStats and R versions 4.2 and 4.1; EmpowerStats is a data analysis software designed for medical research and epidemiology, developed by the Harvard School of Public Health. It is known for its user-friendly interface and powerful statistical analysis functions and is particularly suitable for handling large-scale epidemiological data and clinical research data. All statistical manipulations were weighted according to the corresponding year-weighted data given by the NCHS analysis criteria (“WTMECPRP”); p-Values below 0.05 were considered statistically significant.




3 Results


3.1 Description of the study population

A total of 4,671 eligible participants were included in this study, of which 2,391 were eligible for MASLD and 2,280 for NON-MASLD, including 2,481 inactive, 695 under-active, 223-weekend warriors, and 1,262 regularly active participants. The different participants showed significant differences (p < 0.001) in variables, such as age; sex; education level; serum AST, ALT, and ALB levels; prevalence of hypertension; diabetes; and physical activity patterns. In this study, it was inferred from Table 1 that patients with MASLD presented an older age, a higher prevalence of males than females, a predominance of non-Hispanic white people, a higher prevalence of Americans in Mexico, higher serum ALT and AST levels, and prevalence of hypertension and diabetes, and a lower effective physical activity.



TABLE 1 Clinical characteristics of the study participants.
[image: Table1]



3.2 Comparison between MASLD component characteristics and different PA patterns

Based on the population listed in Figure 1, we further screened the data, removing the variables with missing diagnostic indicators related to MASLD (n: 197), a total of 4,474 participants remained because the fasting blood glucose indicator had missing data exceeding 40%. Consequently, we did not use the interpolation method and instead chose the glycated hemoglobin indicator to observe differences in PA patterns and MASLD-related diagnostic indicators (Table 2). The results indicated differences among various PA patterns and all MASLD diagnostic indicators, and importantly, these differences were statistically significant (p < 0.001).



TABLE 2 Association between different PA patterns and MASDL.
[image: Table2]



3.3 Association between PA pattern and metabolic dysfunction-associated steatotic liver disease

Multivariate logistic regression analyses were conducted to explore the association between MASLD and various types of PA (as listed in Table 3). Using the inactive population as a reference, the unadjusted model (Model 1) showed that the prevalence of MASLD was lower in those who used weekend warrior (OR: 0.515, 95% CI: 0.637–1.070, p: 0.002) and those who used a regular exercise pattern (OR: 0.454, 95% CI: 0.377–0.546, p < 0.001), while the risk of MASLD in the under-exercised population was slightly but not significantly lower (p: 0.162). After adjusting for covariates related to age, sex, ethnicity, education level, PIR, ALT, AST, ALB, smoking, and other relevant covariates. Model 2 and Model 3 presented results that were consistent with the above findings, and in the final adjusted model, participants adopting the weekend warrior exercise pattern (OR: 0.511, 95% CI: 0.373–0.701, p: 0.00.6) prevalence of MASLD risk was reduced by 48.9%, participants in the regular activity population (OR: 0.621, 95% CI: 0.512–0.754, p: 0.00.3) prevalence of MASLD risk was reduced by 37.9%, whereas the prevalence risk in the under-exercised population was reduced by only 1.6%, which was not statistically significant (p: 0.896).



TABLE 3 Logistic regression modeling of different PA patterns with MASDL.
[image: Table3]

Using the above methodology, we also examined the effect of different PA modalities on continuous type variables in the diagnostic indicators of MASLD to observe the correlation between WWs and specific metabolic indicators as well as CAP values (Supplementary Table S1) and the results showed that WWs were able to improve the CAP indicators (β: 258.35, 95% CI: 250.08–266.62, p: 0.004) and waist circumference (β: 99.70, 95% CI: 97.01–102.39, p: 0.014), but did not achieve the same benefits as RA in HDL-C, TG, and HbA1c.



3.4 Subgroup analysis

To further confirm the stability of the association between PA patterns and MASLD, subgroup analyses based on the grouping of important covariates, including ethnicity, sex, education level, PIR, hypertension, and diabetes, were conducted. As shown in Table 4 and Figure 2, the association between PA patterns and MASLD remained consistent across subgroups stratified by the variables of sex, smoking, hypertension, and diabetes. Based on the results of the interaction test showing that the association between PA mode and MASLD was influenced by the level of education level, ethnicity, and PIR variables, participants who adopted the weekend warrior exercise mode had a lower risk of developing MASLD in the three subgroups mentioned above, including high levels of education (OR: 0.421, 95% CI: 0.286–0.621, p: 0.0001), non-Hispanic white people (OR: 0.449, 95% CI: 0.261–0.773, p: 0.028), and higher/lower economic income groups (OR: 0.493, 95% CI, 0.264–0.921, p: 0.044)/(OR: 0.261, 95% CI: 0.144–0.473, p: 0.001).



TABLE 4 Subgroup analysis of different PA patterns and MASLD.
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FIGURE 2
 Weekend warrior subgroup analysis forest map.




3.5 Association between weekend warrior and regular activity and MASLD

Table 5 presents the results of the logistic regression analysis comparing the weekend warrior and regular activity groups. After excluding the inactive and under-active groups and using RA as a reference, the risk of developing MASLD was lower in the weekend warrior group (OR: 0.857, 95% CI: 0.548–1.339, p: 0.516) than in the RA group. However, there was no statistical difference between them.



TABLE 5 Association between weekend warrior and regular activity and MASLD.
[image: Table5]




4 Discussion

By analyzing information from participants in the NHANES cycle from 2017 to March 2020 (before the COVID-19 outbreak). The primary goal of this study was to look into the association between various forms of exercise and the risk of MASLD, with a particular focus on the correlation between WW exercise modes and MASLD, as well as the differences between WW exercise modes compared to RA in terms of the prevalence of MASLD. The aim is to find a convenient and effective PA mode for MASLD patients that is more in line with the rhythm of modern life.

Prior research studies have investigated the association between different PA modes on NAFLD and metabolic syndrome (28, 33), but no one has specifically investigated the correlation between WWs and MASLD risk. First, our results showed that the risk of developing MASLD was significantly lower in WWs and RA populations than in the inactive and under-exercised populations (48.9 and 37.9% risk reductions, respectively, compared to the inactive population). This indicates a notable correlation between the reduced prevalence of MASLD among participants who adopted the WWs exercise pattern. Based on these results, we also compared the effects of WWs and RA on the prevalence of MASLD. Our findings showed that although the risk of MASLD was slightly lower in WW participants than in RA participants, there was no significant difference between the two (P: 0.516). This suggests that WWs, as a novel exercise modality, could provide the same benefits as RA in combating MASLD. This finding is consistent with a previous study on NAFLD, which indicated that the risk of NAFLD decreased significantly with increased regular physical activity. Specifically, under moderate or vigorous exercise patterns, the “weekend warrior” group exhibited a 45% reduction in disease risk compared to the inactive group (OR: 0.55, 95% CI: 0.44–0.67), with comparable efficacy to that of regular exercise.

The baseline level effectively reflected the characteristics of MASLD patients, with over half of the participants diagnosed with MASLD, which closely correlates with the rising prevalence of obesity, type-2 diabetes, and metabolic syndrome in the global population. Compared to the non-MASLD population, there was a higher prevalence of males than females, older participants, and lower rates of higher education. Educational level has been identified as a protective factor for NAFLD. Those who receive a high level of education tend to be more concerned about their health and more inclined to make lifestyle adjustments to prevent the disease. Studies have shown that higher levels of education are associated with a reduced risk of NAFLD. People with less education are more likely to suffer a number of health issues because they have less access to healthcare and have fewer healthy lifestyle choices (34, 35). Furthermore, educational attainment is strongly associated with economic status, and individuals with low educational income levels are more likely to face challenges with subsistence work, resulting in heightened stress and economic hardships, which consequently contributes to an increase in metabolic syndrome (36). The prevalence appears to be higher in Mexican Americans, which is consistent with previous studies (37), and it is considered that it may be associated with variant I148M of the PNPLA3 gene, which, as by far the gene most strongly associated with genetic susceptibility to NAFLD, has been shown by relevant studies to be more common in Mexican Americans (38). Therefore, in addition to lifestyle differences, the complexities of genetic inheritance also significantly affect the occurrence and development of MASLD, which, of course, is beyond the scope of this study.

Furthermore, it is essential to consider how the type of exercise affects the improvement of MASLD. A meta-analysis evaluating the duration, frequency, and intensity of physical activity interventions (including both aerobic and anaerobic exercises) demonstrated that physical activity effectively improves BMI and hepatic lipid levels in obese patients. However, the analysis did not reveal significant differences between the two types of exercises in terms of their efficacy (39). Nevertheless, it is undeniable that energy expenditure during aerobic exercise is generally higher than that during resistance training (40). Additionally, studies have shown that the “dose” and intensity of aerobic exercise do not significantly differ in their ability to reduce hepatic fat content (41). In this study, we focused solely on the total duration and frequency of physical activity without distinguishing between types of exercises. Moreover, the duration of exercise shows a ceiling effect, indicating that exceeding a certain threshold does not provide additional benefits. These factors might contribute to minor discrepancies.

Through the description of the study population comparing the diagnostic indicators of metabolic dysfunction by different physical activity patterns, we can see that all the observed indicators have significant differences (p < 0.01) across different exercise modes. This reflects the benefits of effective exercise modes on metabolic function indicators and supports previous findings that active individuals are less likely to suffer from metabolic syndrome (42). Furthermore, PA is effective in improving blood pressure, glycated hemoglobin, obesity, high triglycerides, LDL-C levels, and other diagnostic indicators (43); however, there are relatively few studies examining the improvement of weekend warriors on metabolic syndrome. The results slightly differ from this study, where we found that the WWs mode was not universally effective in improving diagnostic indicators of MASLD. There were significant improvements in liver fat deformation and waist circumference, but WWs did not achieve the same results as RA in indices, such as HDL-C, TG, and HbA1c (Supplementary Table S1).

The frequency and duration of PA are the primary distinctions between WWs and RAs; therefore, it is possible that individuals with WW patterns engaged in much more than 150 min of exercise. It is also important to note that some individuals who achieved the 150-min mark performed high-frequency physical activity throughout the week. Relevant studies have demonstrated that high-frequency counts of physical activity are more effective in improving HbA1c levels, whereas high-intensity physical activity did not reduce HbA1c levels (44). Furthermore, the increase in PA and HDL-C levels occurred gradually, and the association was only statistically significant when individuals engaged in physical activity 3–5 times per week and consumed between 1,200 and 1,600 kcal of energy (45), suggesting that engaging in physical activity only 1–2 times per week (weekend warriors) may not effectively improve metabolic markers on its own. A cross-sectional study from KNHANES suggested that WWs did not reduce the incidence of metabolic syndrome (28). However, another survey of weekend warriors among Chinese farming adults presented different results, indicating that WWs can prevent metabolic syndrome; reduce triglycerides, blood pressure, and fasting blood glucose levels; and improve waist circumference (43). Part of the reason for this discrepancy is attributed to differences in the study populations; the primary study population described in this article is the European population, while the above case study population is the Asian population. Nevertheless, it is undeniable that there are limitations to the effect of WWs on individual metabolic indices, and further analysis may require a broader range of countries and regions as well as a larger base of participants.

The results of subgroup analyses showed that the associations between different modes of PA and MASLD were consistent across majority of the groups, whereas educational level, PIR, and ethnicity variables significantly modified the associations, and cardiometabolic risk was strongly correlated with educational attainment, with lower levels of educational attainment being associated with higher cardiometabolic risk (46). The benefits of RA on MASLD are good in middle and higher-education populations, but the PA pattern of WWs shows differences only in higher-education populations. A study from Finland showed that physical activity level was positively correlated with the return on education in adulthood (47), Therefore, we hypothesized that populations with higher levels of education may have a better understanding of exercise during adolescence and that the weekend warrior physical activity model may be more widely adopted and accepted among these populations, who are better equipped to recognize and use the weekend warrior exercise strategy.

The key strength of this study is that it is the first to investigate the association and differences among various exercise modalities on MASLD, particularly to in providing a reference regarding whether WWs can be a new option for improving MASLD. Second, we selected data from 2017 to 2020, and unlike other years, Fibroscan was used to assess hepatic steatosis to achieve a better diagnosis of MASLD, which is still not as accurate as liver biopsy, but it is one of the more authoritative diagnostic tools available. The findings of this study may offer additional options and preventive strategies for MASLD patients and clinicians.

Although the statistical approach and inclusion and exclusion criteria were strictly followed during this study, it is inevitable that there remains significant room for improvement. First, as a large-scale population-based cross-sectional study from the NHANES database, only associations between the exposure variables and the outcome variables can be observed, causality between the two cannot be directly inferred, and further detailed studies are needed to verify these associations. Second, our exposure indicators were obtained in the form of questionnaires, and participants inevitably experienced recall bias, which may have introduced potential confounders and bias to our study. The distribution of our participants did not involve many cycles to select more accurate measures of outcome indicators. Furthermore, we excluded participants under 20 years of age, resulting in a population base that was small and did not provide a relevant reference value for adolescents with MASLD. Finally, although we excluded confounders as much as possible and included relevant covariates to refine our study, it was not possible for us to completely eliminate unmeasured confounders. Since the diagnosis of MASLD involves several indicators, we chose not to include more covariates to prevent biased results due to covariance between variables. We need more accurate measurement and selection of variables, along with in-depth studies to understand the contribution of WWs to MASLD and the exploration of related mechanisms.



5 Conclusion

In summary, our results show that WWs’ activity patterns and their risk of MASLD are significantly correlated and that they can improve MASLD with benefits comparable to those of RA. This provides additional options for individuals with MASLD who are unable to meet the recommended criteria in the exercise guidelines, as well as treatment options for clinicians.
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For continuous variables: survey-weighted mean (95% CI), p-value was by survey-weighted linear regression (svyglm). For categorical variables: survey-weighted percentage (95% CI), p-value
was by survey-weighted Chi-square test (svytable). BMI, body mass index; WC, waist circumference; HbALc, serum glycated hemoglobin; TG, trigycerides; HDL-C, high-density lipoprotein
cholesterol; CAR, controlled attenuation parameter. Boldface values represent statistically significant results (p < 0.05).
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