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Background

Sarcopenia is prevalent in metabolic dysfunction-associated fatty liver diseases (MAFLD), and the primary treatment for both diseases is lifestyle modification. We studied how dietary components and physical activity affect individuals with sarcopenia and MAFLD.



Materials and methods

We conducted a study utilizing National Health and Nutrition Examination Survey (NHANES) III (1988–1994) data with Linked Mortality file (through 2019). The diagnosis of fatty liver disease (FLD) was based on ultrasound images revealing moderate and severe steatosis. Using bioelectrical measures, sarcopenia was assessed. Using self-report data, dietary intake and physical activity levels were evaluated.



Results

Among 12,259 participants, 2,473 presented with MAFLD, and 290 of whom had sarcopenia. Higher levels of physical activity (odds ratio [OR] = 0.51 [0.36–0.95]) and calorie (OR = 0.58 [0.41–0.83]) intake reduced the likelihood of sarcopenia in MAFLD patients. During a median follow-up period of 15.3 years, 1,164 MAFLD and 181 MAFLD patients with sarcopenia perished. Increased activity levels improved the prognosis of patients with sarcopenia (Insufficiently active, HR = 0.75 [0.58–0.97]; Active, HR = 0.64 [0.48–0.86]), which was particularly pronounced in older patients.



Conclusion

In the general population, hyperglycemia was highly related to MAFLD prognosis. Physical inactivity and a protein-restricted diet corresponded to sarcopenia, with physical inactivity being connected to poor outcomes. Adding protein supplements would be beneficial for older people with sarcopenia who are unable to exercise due to frailty, while the survival benefits were negligible.
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1 Introduction

Non-alcoholic fatty liver disease (NAFLD), initially defined as fatty liver disease in the absence of significant alcohol intake and other causes of steatosis, is a common liver disorder that is strongly associated with features of the metabolic syndrome (1). With a prevalence of approximately 25% in the general population, NAFLD has emerged as a leading cause of advanced liver disorders, posing an underestimated global healthcare burden (2). However, the term “non-alcoholic” overemphasized the absence of alcohol consumption while underemphasizing the significance of metabolic factors, which are the primary drivers of the course of the disease (3). It has been suggested that metabolic (dysfunction)-associated fatty liver disease (MAFLD), which endorsed a list of positive diagnostic criteria and offered a more comprehensive description of its metabolic-related natural courses, may represent the importance of metabolic risk factors and improve the detection of the disease (4, 5). Despite the rising prevalence and increasing impact of MAFLD (5, 6), there is an absence of approved pharmacotherapy for this significant condition, whose treatment remains limited to lifestyle modification (7, 8).

Sarcopenia is a geriatric syndrome characterized by generalized loss of muscle mass and its function, and is associated with adverse outcomes (9, 10). Since age-related sarcopenia is inevitable, inactivity and poor diet can accelerate the process. Physical inactivity may contribute to the development of sarcopenia (11, 12), and an increase in moderate-to-vigorous physical activity levels could potentially prevent sarcopenia from developing (13). A cohort study demonstrated that malnutrition is related to a fourfold increased risk of developing sarcopenia over a four-year follow-up period (14).Moreover, lean muscle mass in older individuals is positively associated with protein consumption (15), where insufficient protein intake and a lack of amino acid availability contribute to deficits in muscle protein synthesis (16). Physical exercise has a protective effect on muscle mass and function maintenance, in comparison, the effect of supplemental nutrition on muscle function is uncertain (17–19). A number of studies have revealed that dietary supplements may enhance the benefit of exercise training despite the relatively low quality of the evidence (20); however, the existing evidence for nutrition interventions is based on groups with varying ages, frailties, and nutritional conditions, and the findings are inconsistent (21, 22). Currently, large scale clinical trials are addressing the role of exercise and nutritional interventions in the treatment of sarcopenia, such as the European SPRINTT trial (NCT02582138) (23). In addition to aforementioned variables, sarcopenia is secondary with chronic illness, such as liver diseases, renal diseases, inflammatory diseases, and malignancies (24). Recent studies have observed a significantly higher prevalence of sarcopenia among obese and NAFLD patients (25–27). Multiple potential mechanisms evolved in the link between sarcopenia and NAFLD, including insulin resistance, elevated inflammation, myokines secreted by skeletal muscle, vitamin D deficiency and physical inactivity, but the specific mechanism is yet unclear (28).

Lifestyle modification remains the first-line intervention for fatty liver diseases (FLD), and a standard approach consists of a 7%–10% weight loss from baseline. Similarly, there are no approved pharmacological treatment for sarcopenia. In liver cirrhosis, the severity of sarcopenia increased as the liver disease progress (29), which was primarily regarded as a sign of malnutrition and required nutritional supplementation. However, these treatments had minimal benefits for survival improvement (30).

The Third National Health and Nutrition Examination Survey (NHANES III) was a well-designed population-based program, collecting data from US adults from 1988 to 1994. In this context, we aim to analyze the associations between diet, physical activity and sarcopenic MAFLD using the population-based survey data.



2 Material and methods


2.1 Data source and population

National Health and Nutrition Examination Survey (NHANES) is a population-based survey program carried out by the National Center for Health Statistics (NCHS), which aims to evaluate the health and nutritional status of civilian, non-institutionalized members in the US population (31). Our work is predicated on the database of NHANES III (1988–1994) (32), which is the only survey that recorded liver ultrasonography data using a Toshiba Sonolayer SSA-90A and Toshiba video recorders (33). The steatosis severity of participants was reevaluated and graded by experts between 2009 and 2010, and FLD was defined as moderate or severe hepatic steatosis based on hepatic ultrasound imaging. Household interviews were conducted by qualified health technicians utilizing a computer-assisted personal interview system to collect data on demographic variables and health history. Body mass index (BMI) was computed by dividing weight in kilograms by height in meters squared, rounding to the nearest decimal. The Linked Mortality Files (LMF) have been updated with mortality follow-up data through December 31, 2019 (34). During the follow-up phase, respondents without matched death records were presumed alive. Survival time was counted from a subject who participated in the survey to death or December 31, 2019. Informed consent was obtained from all participants, and ethical approval was obtained from the NCHS Ethics Review Board.

A total of 20,050 subjects were included in the NHANES III survey. Among these subjects, 7,791 were excluded based on the following criteria (1): missing data of BIA (n=4186); (2) missing data of height or weight (n=25); (3) positive serologic markers for hepatitis B (n=73) or C (n=348) virus; (4) patients with missing data of liver ultrasounds (n=3159); After applying the above exclusion criteria, we included 12,259 subjects aged 18 to 75 years, of which 2,473 were MAFLD patients, and 9,786 were non-MAFLD patients (Figure 1).




Figure 1 | Flow Chart of Participants for the Study.





2.2 Definition of MAFLD

MAFLD was diagnosed in individuals with FLD and any of the following three medical conditions: overweight/obesity (body mass index [BMI] ≥ 25 kg/m2), type 2 diabetes mellitus (T2DM), or the existence of metabolic dysregulation (5). Metabolic dysregulation was defined by the presence of at least two metabolic risk abnormalities: (a) waist circumference ≥ 102 cm in men and ≥ 88 cm in women; (b) blood pressure ≥ 130/85 mmHg or specific drug treatment; (c) TG ≥ 150 mg/dL or specific drug treatment; (d) HDL-C < 40 mg/dL for men and < 50 mg/dL for women; (e) prediabetes (FPG = 100–125 mg/dL or HbA1c = 5.7%–6.4%); (f) homeostasis model assessment of insulin resistance score (HOMA-IR) ≥ 2.5; and/or (g) CRP > 2 mg/L. The classification of individuals into MAFLD and non-MAFLD categories was based on their diagnoses.



2.3 Definition of sarcopenia

Following the recommendation of 2nd edition of European Working Group on Sarcopenia in Older People (EWGSOP2), this study employs bioelectrical impedance analysis (BIA) to diagnose sarcopenia based on the existence of decreased muscle quantity or quality (9). For the NHANES III database, BIA was measured as the resistance at 50 kHz between the right wrist and ankle of a supine participant using A Valhalla 1990B Bio-Resistance Body Composition Analyzer (Valhalla Medical, San Diego, California, USA).

Here, Skeletal muscle mass (SMM) was calculated by BIA from NHANES III database using Janssen’s equation: SMM (kg)= (height in cm)2/BIA-resistance × 0.401 + (sex × 3.825) + (age in years × −0.071) + 5.102, where BIA-resistance is measured in ohms, and sex is encoded as 1 for male and 0 for female (35). Using the following formula, skeletal muscle mass index (SMI) was calculated: SMI = skeletal muscle mass in kg/body weight in kg × 100. Participants were considered to have sarcopenia if their SMI was more than two standard deviation below the sex-specific mean for young adults aged 18 to 39 (9, 35).



2.4 Physical activity level

Physical activity questionnaires were given at a home interview for all participants, inquiring about the frequency of leisure time activities (walking, running or jogging, riding, swimming, aerobics, dancing, etc.) in the previous month. The intensity of each activity was evaluated by metabolic equivalent (MET) based on the criteria from the Compendium of Physical Activities (36), which defines one MET as the energy expended at resting metabolic rate.

The NHANES III datasets collected information on the intensity rating and frequency of each individual’s daily physical activity. The activities are classified into moderate (METs ranging from 3 to 6) and vigorous (METs above 6) categories based on their intensity rates. Active group was characterized as those who engaged in moderate or vigorous activity at least five or three times per week. The inactive group was defined as those who participate in no physical activity during their leisure time. The insufficiently active group fell in the middle between active and inactive levels of physical activity (37, 38).



2.5 Ascertainment of nutrient components intake

A nutritional interview comprising a 24-hour recall of dietary intake was conducted, with participants providing information on specific foods and quantities. Following the instruction of the Nutrient Composition Data Bank, the grams of nutrient components (carbohydrate, protein, fat, cholesterol, saturated fatty acids, monounsaturated fatty acid, and polyunsaturated fatty acid) were recorded and calculated.

In our study, the absolute quantity and percentage of energy intake from each macronutrient were categorized into gender-specific quartiles (Q1, Q2, Q3, and Q4). Additionally, the contribution of carbohydrates, proteins, and fatty acids to the overall amount of energy intake (% of total energy consumed) was calculated. The quartile variables were modeled as dummy variables, comparing each quartile to the lowest one (Q1).

In accordance with the American Gastroenterological Association’s (AGA) guidelines for lifestyle modification for NAFLD management, we further grouped individuals based on their calorie and protein intake (7). The definition of a hypocaloric diet was < 1200 kcal/day for women and < 1500 kcal/day for men. In addition, the relative daily protein intake of participants was graded as low (< 1.2 g/kg), adequate (1.2–1.5 g/kg), and high (> 1.5 g/kg) based upon recommendations for patients with sarcopenia.



2.6 Other definitions

Household interviews were conducted by skilled interviewers utilizing a computer-assisted personal interview system to collect data on demographic variables and health history. The data on body measurements were gathered by qualified health technicians. Body mass index (BMI) was computed by dividing weight in kilograms by height in meters squared, and then rounding to the nearest decimal. Participants were asked to fast for 9 hours before the blood sample was collected. Serum insulin and plasma glucose concentrations were measured by radioimmunoassay and a hexokinase enzymatic array from fasting blood samples. The HOMA-IR score was determined by the following formula: HOMA-IR = (Fasting insulin in μIU/mL) × (Fasting glucose in mg/dL)/405 (39). In addition, concentrations of alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine, gamma-glutamyl transferase (GGT), total bilirubin, albumin, glycated hemoglobin (HbA1c), low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and C-reactive protein (CRP) were measured. Details of measurements are available at http://www.cdc.gov/nchs/nhanes/index.htm.

T2DM was defined by a self-reported diabetic medical history, an FPG ≥ 126 mg/dL, or an HbA1c of ≥ 6.5%. Hypertension (HTN) was defined by self-reported medical history of HTN, systolic blood pressure readings above 130 mmHg, or diastolic blood pressure measures above 80 mmHg from an average of 3 measurements. Hyperlipidemia (HL) was defined by a reported history of HL, cholesterol ≥ 200 mg/dL, LDL-C ≥ 130 mg/dL, or HDL-C ≤ 40 mg/dL for men and ≤ 50 mg/dL for women.

NAFLD Fibrosis Score (NFS) score is a non-invasive method to separate NAFLD patients with and without advanced fibrosis, calculated as: NFS = -1.675 + (0.037 × Age in years) + (0.094 × BMI in kg/m2) + (1.13 × Impaired fasting glucose or diabetes) + (0.99 × AST in U/L/ALT in U/L) – (0.013 × Platelets in ×109/L) – (0.66 × Albumin in g/dL), where impaired fasting glucose/diabetes is encoded as 1 and 0 for participants with or without abnormal fasting glucose (40). Fibrosis-4 (FIB-4) index was designed to predict significant fibrosis in a simple equation: (Age in years × AST in U/L)/(Platelets in ×109/L × ALT0.5 in U/L) (41). Advanced fibrosis was determined by a NFS > 0.675 (40) or Fibrosis-4 (FIB-4) index > 2.67 (41).



2.7 Statistical analysis

We compared the baseline characteristics of MAFLD and non-MAFLD participants using data from NHANES III. Continuous variables were expressed as means ± standard deviation (SD), while categorical variables were expressed as percentages. The Student t-test was utilized for normally distributed variables, the Chi-squared test for categorical variables, and the Mann-Whitney U-test for non-normally distributed variables. Multivariate logistic regression models adjusted for confounders were used to evaluate the association between sarcopenia and other clinical covariates. In tests of interaction, age (dichotomized into < 60 years and ≥ 60 years) modified the effect of sarcopenia, whereas gender did not interact significantly with sarcopenia. Cox proportional hazards models were developed to estimate hazard ratios (HR) and 95% confidence intervals (CI) of risk factors for all-cause mortality in participants with sarcopenia or MAFLD. Model 1 was adjusted for age, sex, race, and BMI levels. Model 2 was adjusted for age, sex, race, BMI levels, and the existence of advanced fibrosis. Model 3 was adjusted for variables mentioned in model 2 with T2DM. Model 4 was adjusted for all variables in model 3 with other medical histories (HTN, HL, smoking). No evident interactions between MAFLD and sarcopenia were found (p > 0.05). All tests were two-tailed, and a p value less than 0.05 was considered statistically significant. R 4.2.0 (https://www.r-project.org/) was used to conduct all analyses.




3 Results


3.1 Data characteristics

A total of 12,259 participants from NHANES III data sets were included in this analysis, of whom 2,473 (20.2%) were diagnosed with MAFLD (Figure 1). The included participants contained 5,862 (47.8%) males aged 43.8 ± 15.9 years. Individuals with MAFLD had a higher prevalence of sarcopenia than those without MAFLD (11.7% vs. 3.0%), and this tendency persisted regardless of age, sex, ethnicity, levels of physical activity, calorie consumption, and liver fibrosis (Figure 2). The statistical differences between MAFLD and non-MAFLD groups were listed in Table S3.




Figure 2 | Prevalence of Sarcopenia among Participants with and without MAFLD. MAFLD, metabolic-associated fatty liver diseases..



The demographic, laboratory, and lifestyle characteristics of participants were demonstrated in Tables S1–2, categorized by the presence of MAFLD and sarcopenia. Sarcopenia, with or without MAFLD, was characterized by female gender, advanced age, and central obesity. Moreover, self-report data demonstrated that those with sarcopenia consumed fewer calories and engaged in less physical activity than those without the condition.



3.2 Identify risk factors for sarcopenia among MAFLD participants

The fully-adjusted logistic regression model showed that the presence of MAFLD was associated with an increased risk of sarcopenia (odds ratio [OR] = 1.38 [95% CI 1.11–1.73]) (Table 1). We then generated multivariate Logistic regression models (adjusted for age, sex, and race) to identify sarcopenia-related factors by calculating their ORs amongst the MAFLD population. As shown in Table 2, sarcopenia was associated with physical activity levels (active vs. inactive, OR=0.51 [95% CI 0.36–0.95]), calorie intake (Q2 vs. Q1, OR = 0.58 [95% CI 0.41–0.83]), carbohydrates (Q2 vs. Q1, OR = 0.54 [95% CI 0.37–0.76]), and fatty acids (Q2 vs. Q1, OR = 0.62 [95% CI 0.44–0.89]) intake.


Table 1 | Multivariate Analysis for Sarcopenia in overall population.




Table 2 | Age, Sex and Race-adjusted Odds Ratio (OR) for Sarcopenia in patients with and without MAFLD.



Ordinal logistic regressions were performed to further reveal the relationship between sarcopenia and lifestyle factors. Sarcopenia was significantly and negatively associated with higher levels of physical activity (OR = 0.74 [95% CI 0.62–0.87]) (Table S4) and appropriate relative protein intake (OR = 0.48 [95% CI 0.35–0.65]) (Table S5). In contrast, there was no connection between sarcopenia and absolute calorie, carbohydrates, protein, or fat consumption (Tables S6–7).



3.3 All-cause mortality

Of the overall NHANES III cohort (1988–1994), 290 (2.37%) patients presented with MAFLD and sarcopenia, of whom 181 (62.41%) individuals died after a median follow-up of 15.3 years.

Analyses of the relationships between MAFLD and sarcopenia and all-cause mortality were conducted using Models 1 through 4, which included age, sex, race, health behavior, and medical history as adjustments (Table 3). The presence of sarcopenia was associated with a poorer prognosis after modifications, whereas the presence of MAFLD was unable to predict survival when a history of T2DM was added to the model (Models 3–4).


Table 3 | Hazard Ratios of Risk Factors for All-cause Mortality (Multiple Imputation Analysis).



For the purpose of modifying the interaction between age and sarcopenia, adjusted HRs calculated for individuals with sarcopenia were split into two age groups (Table 4). Higher levels of activity improved the survival of sarcopenia (Insufficiently active, HR = 0.75 [95% CI 0.58–0.97]; Active, HR=0.64 [95% CI 0.48–0.86), which was more prominent in older patients. In both age categories, adequate protein intake was not significantly associated with long-term outcomes.


Table 4 | Hazard Ratios of Risk Factors of Patients with Sarcopenia for All-cause Mortality, Stratified by Age.



Diabetes had the greatest impact on the prognosis of persons with MAFLD (HR = 1.84 [95% CI 1.59–2.12]), and increasing activity levels also improved the survival (Insufficiently active, HR = 0.85 [95% CI 0.73–0.99]; Active, HR = 0.64 [95% CI 0.67–0.93]). A daily protein intake of greater than 1.5 g/kg protein was associated with a better prognosis in older MAFLD patients, but had no significant effect on younger individuals (Table S8).




4 Discussion

In this study, we used data sets from NHANES III (1988–1994) to investigate the clinical impact of dietary components and physical activity on patients with sarcopenia and MAFLD, revealing an increased incidence of sarcopenia in patients with MAFLD. Decreased physical activity levels and insufficient protein consumption may contribute to sarcopenia, with reduced physical activity being related to unfavorable outcomes.

Sarcopenia is strongly age-related and primarily observed in older people, while chronic diseases may induce sarcopenia in younger individuals (42). Consistent with earlier studies that demonstrated a positive correlation between NAFLD and sarcopenia (43, 44), sarcopenia was more prevalent in MAFLD than non-MAFLD participants (11.7% vs. 3.0%) in our study and related to a higher mortality. Insulin resistance may function as the main pathologic mechanism of MAFLD and sarcopenia. Insulin could activate the mammalian target of rapamycin (mTOR) and enhance its downstream effectors, 4E-binding protein 1 and ribosomal S6 kinase 1, mediating skeletal muscle anabolism and maintaining muscle mass (45). Impaired insulin sensitivity may interrupt the glucose metabolism and result in excess glucose conversion to triacylglycerol in the liver, which also leads to hepatic insulin resistance. Other factors, such as chronic inflammation, hyperammonemia, alterations in sex hormones, and insulin-like growth factor-1 signaling may also interfere with the glucose disposal in skeletal muscles and lead to muscle loss (42, 46, 47), which helps to explain the co-existence of sarcopenia with MAFLD. The impact of sarcopenia on the long-term prognosis of MAFLD is anticipated to be substantial, since both sarcopenia and liver fibrosis caused by MAFLD are independently associated with increased risk of death from all causes (47).

Prior studies showed a strong interest in elucidating how sarcopenia contributes to adverse outcomes in patients with chronic liver diseases, particularly those with cirrhosis. Molecular studies have shown that cirrhotic patients had an increase in muscle cell autophagy (48) and a higher expression of myostatin that inhibited mTOR signaling and suppressed protein synthesis (49). Besides, hyperammonia, a common abnormality caused by liver dysfunction and portosystemic shunting, may contribute to both myostatin upregulation and autophagy processes (48–50). In addition to the detrimental impact of sarcopenia on cirrhosis, additional investigation is needed to understand how sarcopenia affects the prognosis of MAFLD. Moreover, we confirmed that sarcopenia was an independent predictor of survival in individuals either with or without MAFLD. Our research further revealed a strong correlation between MAFLD and T2DM rather than severe fibrosis, indicating that metabolic dysregulation was mainly responsible for the unfavorable prognosis of MAFLD patients in the general community.

Despite compelling evidence that sarcopenia is associated with negative outcomes, no viable methods to reverse muscle mass loss have been identified (51). Previous studies supported the hypothesis that physical activity can enhance the functional capacity of skeletal muscle, but its effect on gaining muscle mass remained uncertain (52). Here, we revealed that in patients diagnosed with sarcopenia, increasing the intensity and frequency of exercises is linked to a better prognosis, especially in the older population. Exercise may boost the muscle accumulation by increasing hormone levels such as testosterone (53) and insulin-like growth factor-1 (IGF-1) (54), and it may promote mitochondrial biogenesis by inhibiting TNF-α and various other molecular mechanisms. Exercise also upregulated PGC-1α and Toll-like receptors downregulation that enhanced the anti-inflammatory and anti-atrophy effects (55, 56). Autophagy contributes to decreased synthesis and increased proteolysis of skeletal muscle in patients with chronic liver diseases. Physical exercise may rescue the impaired mTORC1 signaling by stimulating phosphatidic acid (57), therefore maintaining muscle mass by activating protein synthesis and inhibiting autophagy. As resistance exercises were more effective at stimulating skeletal muscle protein synthesis (58), the effect of different types of exercise on preventing sarcopenia and improving survival required more validation.

Given that physical activity was rather compromised in older people by their frailty or diseases, a protein supplement was considered a practical choice for preserving muscle mass (59, 60). Although older and younger individuals had similar rates of protein turnover (61), elderly people have a more muted response to administered amino acids than young people (62). Lower mTOR and p70S6K concentrations (63), along with a concurrent decline in positive regulators (such as IGF-1) and an increase in negative regulators (such as AMPK) in older skeletal muscle, may explain their resistance to amino acid feedings (64). Some observational and cohort studies demonstrate that adequate protein consumption is well tolerated without major adverse events and can prevent muscle loss (65, 66), but there is insufficient evidence to support the hypothesis that protein intake can improve the long-term outcomes. Several randomized controlled trials were performed in cirrhotic individuals with sarcopenia; nevertheless, nutrition supplementation through multiple routes had little influence on sarcopenia or survival (30). Supplemental hormone therapy and mechanistic targeted treatments were produced as more precise treatments for sarcopenia, necessitating a clearer knowledge for its pathophysiological process (51, 67).

This research has a few limitations. First, the diagnosis of FLD was established by ultrasound images from NHANES III, but fibrosis data were not available with ultrasound. In the absence of liver stiffness measurement (LSM) results, advanced fibrosis was determined by NFS and FIB-4 scores. The relationship between MAFLD-related fibrosis and sarcopenia should be evaluated further. Moreover, the NHANES III database was relatively outdated in comparison to other NHANES survey cycles. Second, we calculated the skeletal muscle mass using BIA measurements, whereas dual-energy X-ray absorptiometry (DXA) is the primary method for measuring body composition. Since sarcopenia is defined as loss of both muscle mass and function, the NHANES database does not contain muscle function measurements, such as contractile strength, maintenance of contraction, and muscle fatigue in response to persistent and repetitive contraction (68). Finally, the mortality data came from a separate national database that matched the NHANES III data, where the data on liver-associated mortality was not available. Given the cross-sectional nature of the NHANES database, the progression of liver diseases cannot be determined.

In summary, our data demonstrate that sarcopenia is more prevalent and is associated with an increased risk of all-cause death among MAFLD participants. MAFLD patients who suffer from sarcopenia may benefit from physical activity and a proper intake of proteins. Therefore, clinicians should recognize and manage sarcopenia in patients with MAFLD in order to improve their life quality and overall survival outcome.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by NCHS Ethics Review Board. The patients/participants provided their written informed consent to participate in this study.



Author contributions

YY and YC: conception and design. YY, CW, YD, JH, and YL: data collection, data management, and formal statistical analysis. YY and CW: manuscript writing. YC: manuscript revising. All authors involved in writing and approved the final manuscript.



Funding

The publishing of this study was supported by the National Natural Science Foundation of China (Grant No. 82172983; No. 81670554); the Wuhan Science and Technology Project (Grant No. 2020020601012208). The data that support the findings of this study are available on request from the corresponding authors.



Acknowledgments

The authors are grateful to the National Health and Nutrition Examination Survey for providing the data used in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1101892/full#supplementary-material



Abbreviations

ALT, alanine transaminase; AST, aspartate aminotransferase; BIA, bioelectrical impedance analysis; BMI, body mass index; CRP, C-reactive protein; FIB-4, Fibrosis-4 index; FLD, fatty liver disease; FPG, fasting plasma glucose; GGT, gamma-glutamyl transferase; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HL, hyperlipidemia; HTN, hypertension; IQR, interquartile range; HOMA-IR, homeostasis model assessment of insulin resistance score; IR, insulin resistance; LDL-C, low-density lipoprotein cholesterol; LSM, liver stiffness measurement; MAFLD, metabolic fatty liver disease; MET, metabolic equivalent; NCHS, National Center for Health Statistics; NFS, Non-Alcoholic Fatty Liver Diseases Fibrosis Score; NHANES, Nutritional Health and Nutritional Examination Survey; SMM, skeletal muscle mass; SMI, skeletal muscle index; TC, total cholesterol; TG, triglyceride; T2DM, type 2 diabetes mellitus.



References

1. Dietrich, P, and Hellerbrand, C. Non-alcoholic fatty liver disease, obesity and the metabolic syndrome. Best Pract Res Clin Gastroenterol (2014) 28(4):637–53. doi: 10.1016/j.bpg.2014.07.008

2. Younossi, Z, Anstee, QM, Marietti, M, Hardy, T, Henry, L, Eslam, M, et al. Global burden of nafld and Nash: Trends, predictions, risk factors and prevention. Nat Rev Gastroenterol Hepatol (2018) 15(1):11–20. doi: 10.1038/nrgastro.2017.109

3. Younossi, ZM, Paik, JM, Al Shabeeb, R, Golabi, P, Younossi, I, and Henry, L. Are there outcome differences between nafld and metabolic-associated fatty liver disease? Hepatology (2022) 76(5):1423–37. doi: 10.1002/hep.32499

4. Eslam, M, Sanyal, AJ, and George, J. Mafld: A consensus-driven proposed nomenclature for metabolic associated fatty liver disease. Gastroenterology (2020) 158(7):1999–2014.e1. doi: 10.1053/j.gastro.2019.11.312

5. Eslam, M, Newsome, PN, Sarin, SK, Anstee, QM, Targher, G, Romero-Gomez, M, et al. A new definition for metabolic dysfunction-associated fatty liver disease: An international expert consensus statement. J Hepatol (2020) 73(1):202–9. doi: 10.1016/j.jhep.2020.03.039

6. Fouad, Y, Waked, I, Bollipo, S, Gomaa, A, Ajlouni, Y, and Attia, D. What's in a name? renaming ‘Nafld’to ‘Mafld’. Liver Int (2020) 40(6):1254–61. doi: 10.1111/liv.14478

7. Younossi, ZM, Corey, KE, and Lim, JK. Aga clinical practice update on lifestyle modification using diet and exercise to achieve weight loss in the management of nonalcoholic fatty liver disease: Expert review. Gastroenterology (2021) 160(3):912–8. doi: 10.1053/j.gastro.2020.11.051

8. Vilar-Gomez, E, Martinez-Perez, Y, Calzadilla-Bertot, L, Torres-Gonzalez, A, Gra-Oramas, B, Gonzalez-Fabian, L, et al. Weight loss through lifestyle modification significantly reduces features of nonalcoholic steatohepatitis. Gastroenterology (2015) 149(2):367–78.e5; quiz e14-5. doi: 10.1053/j.gastro.2015.04.005

9. Cruz-Jentoft, AJ, Bahat, G, Bauer, J, Boirie, Y, Bruyère, O, Cederholm, T, et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing (2019) 48(4):601. doi: 10.1093/ageing/afz046

10. Cruz-Jentoft, AJ, Landi, F, Topinková, E, and Michel, JP. Understanding sarcopenia as a geriatric syndrome. Curr Opin Clin Nutr Metab Care (2010) 13(1):1–7. doi: 10.1097/MCO.0b013e328333c1c1

11. Steffl, M, Bohannon, RW, Sontakova, L, Tufano, JJ, Shiells, K, and Holmerova, I. Relationship between sarcopenia and physical activity in older people: A systematic review and meta-analysis. Clin Interv Aging (2017) 12:835–45. doi: 10.2147/cia.S132940

12. Buford, TW, Anton, SD, Judge, AR, Marzetti, E, Wohlgemuth, SE, Carter, CS, et al. Models of accelerated sarcopenia: Critical pieces for solving the puzzle of age-related muscle atrophy. Ageing Res Rev (2010) 9(4):369–83. doi: 10.1016/j.arr.2010.04.004

13. Mijnarends, DM, Koster, A, Schols, JM, Meijers, JM, Halfens, RJ, Gudnason, V, et al. Physical activity and incidence of sarcopenia: The population-based ages-Reykjavik study. Age Ageing (2016) 45(5):614–20. doi: 10.1093/ageing/afw090

14. Beaudart, C, Sanchez-Rodriguez, D, Locquet, M, Reginster, J-Y, Lengelé, L, and Bruyère, O. Malnutrition as a strong predictor of the onset of sarcopenia. Nutrients (2019) 11(12):2883. doi: 10.3390/nu11122883

15. Houston, DK, Nicklas, BJ, Ding, J, Harris, TB, Tylavsky, FA, Newman, AB, et al. Dietary protein intake is associated with lean mass change in older, community-dwelling adults: The health, aging, and body composition (Health abc) study. Am J Clin Nutr (2008) 87(1):150–5. doi: 10.1093/ajcn/87.1.150

16. Morley, JE, Kim, MJ, Haren, MT, Kevorkian, R, and Banks, WA. Frailty and the aging Male. Aging Male (2005) 8(3-4):135–40. doi: 10.1080/13685530500277232

17. Beaudart, C, Dawson, A, Shaw, SC, Harvey, NC, Kanis, JA, Binkley, N, et al. Nutrition and physical activity in the prevention and treatment of sarcopenia: Systematic review. Osteoporos Int (2017) 28(6):1817–33. doi: 10.1007/s00198-017-3980-9

18. Dreyer, HC, and Volpi, E. Role of protein and amino acids in the pathophysiology and treatment of sarcopenia. J Am Coll Nutr (2005) 24(2):140s–5s. doi: 10.1080/07315724.2005.10719455

19. Cruz-Jentoft, AJ, and Sayer, AA. Sarcopenia. Lancet (2019) 393(10191):2636–46. doi: 10.1016/S0140-6736(19)31138-9

20. Lozano-Montoya, I, Correa-Pérez, A, Abraha, I, Soiza, RL, Cherubini, A, O'Mahony, D, et al. Nonpharmacological interventions to treat physical frailty and sarcopenia in older patients: A systematic overview - the senator project ontop series. Clin Interv Aging (2017) 12:721–40. doi: 10.2147/cia.S132496

21. Cruz-Jentoft, AJ, Landi, F, Schneider, SM, Zúñiga, C, Arai, H, Boirie, Y, et al. Prevalence of and interventions for sarcopenia in ageing adults: A systematic review. report of the international sarcopenia initiative (Ewgsop and iwgs). Age Ageing (2014) 43(6):748–59. doi: 10.1093/ageing/afu115

22. Dent, E, Morley, JE, Cruz-Jentoft, AJ, Arai, H, Kritchevsky, SB, Guralnik, J, et al. International clinical practice guidelines for sarcopenia (Icfsr): Screening, diagnosis and management. J Nutr Health Aging (2018) 22(10):1148–61. doi: 10.1007/s12603-018-1139-9

23. Landi, F, Cesari, M, Calvani, R, Cherubini, A, Di Bari, M, Bejuit, R, et al. The "Sarcopenia and physical frailty in older people: Multi-component treatment strategies" (Sprintt) randomized controlled trial: Design and methods. Aging Clin Exp Res (2017) 29(1):89–100. doi: 10.1007/s40520-016-0715-2

24. Nishikawa, H, Shiraki, M, Hiramatsu, A, Moriya, K, Hino, K, and Nishiguchi, S. Japan Society of hepatology guidelines for sarcopenia in liver disease (1st edition): Recommendation from the working group for creation of sarcopenia assessment criteria. Hepatol Res (2016) 46(10):951–63. doi: 10.1111/hepr.12774

25. Chung, GE, Kim, MJ, Yim, JY, Kim, JS, and Yoon, JW. Sarcopenia is significantly associated with presence and severity of nonalcoholic fatty liver disease. J Obes Metab Syndr (2019) 28(2):129–38. doi: 10.7570/jomes.2019.28.2.129

26. Lee, YH, Jung, KS, Kim, SU, Yoon, HJ, Yun, YJ, Lee, BW, et al. Sarcopaenia is associated with nafld independently of obesity and insulin resistance: Nationwide surveys (Knhanes 2008-2011). J Hepatol (2015) 63(2):486–93. doi: 10.1016/j.jhep.2015.02.051

27. Hong, HC, Hwang, SY, Choi, HY, Yoo, HJ, Seo, JA, Kim, SG, et al. Relationship between sarcopenia and nonalcoholic fatty liver disease: The Korean sarcopenic obesity study. Hepatology (2014) 59(5):1772–8. doi: 10.1002/hep.26716

28. Bhanji, RA, Narayanan, P, Allen, AM, Malhi, H, and Watt, KD. Sarcopenia in hiding: The risk and consequence of underestimating muscle dysfunction in nonalcoholic steatohepatitis. Hepatology (2017) 66(6):2055–65. doi: 10.1002/hep.29420

29. Dasarathy, S. Consilience in sarcopenia of cirrhosis. J Cachexia Sarcopenia Muscle (2012) 3(4):225–37. doi: 10.1007/s13539-012-0069-3

30. Ney, M, Vandermeer, B, van Zanten, SJ, Ma, MM, Gramlich, L, and Tandon, P. Meta-analysis: Oral or enteral nutritional supplementation in cirrhosis. Aliment Pharmacol Ther (2013) 37(7):672–9. doi: 10.1111/apt.12252

31. Centers for Disease Control and Prevention. Nhanes questionnaires, datasets, and related documentation. Cdc Website. Available at: https://wwwn.cdc.gov/nchs/nhanes/default.aspx. (accessed 18 May, 2022).

32. National Center for Health Statistics. Plan and operation of the third national health and nutrition examination survey, 1988–94. Vial Health Stat 1 (1994) 32):1–407

33. Centers for Disease Control and Prevention, and National Center for Health Statistics. National health and nutrition examination survey: Procedure manual, hepatic steatosis. Hyattsville, Maryland: Us Department of Health and Human Services, Centers for Disease Control and Prevention. Center for Disease Control and Prevention (2010).

34. Statistics NCfH, and Office of Analysis and Epidemiology. The linkage of national center for health statistics survey data to the national death index–2015 linked mortality file (Lmf): Methodology overview and analytic considerations. Available at: http://www.cdc.gov/nchs/data_access/data_linkage/mortality.htm.

35. Janssen, I, Heymsfield, SB, and Ross, R. Low relative skeletal muscle mass (Sarcopenia) in older persons is associated with functional impairment and physical disability. J Am Geriatr Soc (2002) 50(5):889–96. doi: 10.1046/j.1532-5415.2002.50216.x

36. Ainsworth, BE, Haskell, WL, Whitt, MC, Irwin, ML, Swartz, AM, Strath, SJ, et al. Compendium of physical activities: An update of activity codes and met intensities. Med Sci Sports Exerc (2000) 32(9 Suppl):S498–504. doi: 10.1097/00005768-200009001-00009

37. Pate, RR, Pratt, M, Blair, SN, Haskell, WL, Macera, CA, Bouchard, C, et al. Physical activity and public health. a recommendation from the centers for disease control and prevention and the American college of sports medicine. Jama (1995) 273(5):402–7. doi: 10.1001/jama.273.5.402

38. Beddhu, S, Baird, BC, Zitterkoph, J, Neilson, J, and Greene, T. Physical activity and mortality in chronic kidney disease (Nhanes iii). Clin J Am Soc Nephrol (2009) 4(12):1901–6. doi: 10.2215/cjn.01970309

39. Matthews, DR, Hosker, JP, Rudenski, AS, Naylor, BA, Treacher, DF, and Turner, RC. Homeostasis model assessment: Insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia (1985) 28(7):412–9. doi: 10.1007/bf00280883

40. Angulo, P, Hui, JM, Marchesini, G, Bugianesi, E, George, J, Farrell, GC, et al. The nafld fibrosis score: A noninvasive system that identifies liver fibrosis in patients with nafld. Hepatology (2007) 45(4):846–54. doi: 10.1002/hep.21496

41. Sterling, RK, Lissen, E, Clumeck, N, Sola, R, Correa, MC, Montaner, J, et al. Development of a simple noninvasive index to predict significant fibrosis in patients with Hiv/Hcv coinfection. Hepatology (2006) 43(6):1317–25. doi: 10.1002/hep.21178

42. Srikanthan, P, Hevener, AL, and Karlamangla, AS. Sarcopenia exacerbates obesity-associated insulin resistance and dysglycemia: Findings from the national health and nutrition examination survey iii. PloS One (2010) 5(5):e10805. doi: 10.1371/journal.pone.0010805

43. Golabi, P, Gerber, L, Paik, JM, Deshpande, R, de Avila, L, and Younossi, ZM. Contribution of sarcopenia and physical inactivity to mortality in people with non-alcoholic fatty liver disease. JHEP Rep (2020) 2(6):100171. doi: 10.1016/j.jhepr.2020.100171

44. Zhai, Y, and Xiao, Q. The common mechanisms of sarcopenia and nafld. BioMed Res Int (2017) 2017:6297651. doi: 10.1155/2017/6297651

45. Fujita, S, Rasmussen, BB, Cadenas, JG, Drummond, MJ, Glynn, EL, Sattler, FR, et al. Aerobic exercise overcomes the age-related insulin resistance of muscle protein metabolism by improving endothelial function and Akt/Mammalian target of rapamycin signaling. Diabetes (2007) 56(6):1615–22. doi: 10.2337/db06-1566

46. DeFronzo, RA, and Tripathy, D. Skeletal muscle insulin resistance is the primary defect in type 2 diabetes. Diabetes Care (2009) 32(suppl_2):S157–S63. doi: 10.2337/dc09-S302

47. Kuchay, MS, Martínez-Montoro, JI, Kaur, P, Fernández-García, JC, and Ramos-Molina, B. Non-alcoholic fatty liver disease-related fibrosis and sarcopenia: An altered liver-muscle crosstalk leading to increased mortality risk. Ageing Res Rev (2022) 80:101696. doi: 10.1016/j.arr.2022.101696

48. Qiu, J, Tsien, C, Thapalaya, S, Narayanan, A, Weihl, CC, Ching, JK, et al. Hyperammonemia-mediated autophagy in skeletal muscle contributes to sarcopenia of cirrhosis. Am J Physiol Endocrinol Metab (2012) 303(8):E983–93. doi: 10.1152/ajpendo.00183.2012

49. Qiu, J, Thapaliya, S, Runkana, A, Yang, Y, Tsien, C, Mohan, ML, et al. Hyperammonemia in cirrhosis induces transcriptional regulation of myostatin by an nf-Kb-Mediated mechanism. Proc Natl Acad Sci USA (2013) 110(45):18162–7. doi: 10.1073/pnas.1317049110

50. Dasarathy, S. Cause and management of muscle wasting in chronic liver disease. Curr Opin Gastroenterol (2016) 32(3):159–65. doi: 10.1097/mog.0000000000000261

51. Dasarathy, S, and Merli, M. Sarcopenia from mechanism to diagnosis and treatment in liver disease. J Hepatol (2016) 65(6):1232–44. doi: 10.1016/j.jhep.2016.07.040

52. Jones, JC, Coombes, JS, and Macdonald, GA. Exercise capacity and muscle strength in patients with cirrhosis. Liver Transpl (2012) 18(2):146–51. doi: 10.1002/lt.22472

53. Vingren, JL, Kraemer, WJ, Ratamess, NA, Anderson, JM, Volek, JS, and Maresh, CM. Testosterone physiology in resistance exercise and training: The up-stream regulatory elements. Sports Med (2010) 40(12):1037–53. doi: 10.2165/11536910-000000000-00000

54. Stein, AM, Silva, TMV, Coelho, FGM, Arantes, FJ, Costa, JLR, Teodoro, E, et al. Physical exercise, igf-1 and cognition a systematic review of experimental studies in the elderly. Dement Neuropsychol (2018) 12(2):114–22. doi: 10.1590/1980-57642018dn12-020003

55. Meng, SJ, and Yu, LJ. Oxidative stress, molecular inflammation and sarcopenia. Int J Mol Sci (2010) 11(4):1509–26. doi: 10.3390/ijms11041509

56. Musumeci, G. Sarcopenia and exercise “the state of the art”. J Funct Morphology Kinesiology (2017) 2(4):40. doi: 10.3390/jfmk3010004

57. Hornberger, TA, Chu, WK, Mak, YW, Hsiung, JW, Huang, SA, and Chien, S. The role of phospholipase d and phosphatidic acid in the mechanical activation of mtor signaling in skeletal muscle. Proc Natl Acad Sci USA (2006) 103(12):4741–6. doi: 10.1073/pnas.0600678103

58. Damas, F, Phillips, S, Vechin, FC, and Ugrinowitsch, C. A review of resistance training-induced changes in skeletal muscle protein synthesis and their contribution to hypertrophy. Sports Med (2015) 45(6):801–7. doi: 10.1007/s40279-015-0320-0

59. Paddon-Jones, D, Short, KR, Campbell, WW, Volpi, E, and Wolfe, RR. Role of dietary protein in the sarcopenia of aging. Am J Clin Nutr (2008) 87(5):1562S–6S. doi: 10.1093/ajcn/87.5.1562S

60. Paddon-Jones, D. Interplay of stress and physical inactivity on muscle loss: Nutritional countermeasures. J Nutr (2006) 136(8):2123–6. doi: 10.1093/jn/136.8.2123

61. Volpi, E, Sheffield-Moore, M, Rasmussen, BB, and Wolfe, RR. Basal muscle amino acid kinetics and protein synthesis in healthy young and older men. Jama (2001) 286(10):1206–12. doi: 10.1001/jama.286.10.1206

62. Katsanos, CS, Kobayashi, H, Sheffield-Moore, M, Aarsland, A, and Wolfe, RR. Aging is associated with diminished accretion of muscle proteins after the ingestion of a small bolus of essential amino acids. Am J Clin Nutr (2005) 82(5):1065–73. doi: 10.1093/ajcn/82.5.1065

63. Cuthbertson, D, Smith, K, Babraj, J, Leese, G, Waddell, T, Atherton, P, et al. Anabolic signaling deficits underlie amino acid resistance of wasting, aging muscle. FASEB J (2005) 19(3):422–4. doi: 10.1096/fj.04-2640fje

64. Potter, CJ, Pedraza, LG, and Xu, T. Akt regulates growth by directly phosphorylating Tsc2. Nat Cell Biol (2002) 4(9):658–65. doi: 10.1038/ncb840

65. Bloom, I, Shand, C, Cooper, C, Robinson, S, and Baird, J. Diet quality and sarcopenia in older adults: A systematic review. Nutrients (2018) 10(3):308. doi: 10.3390/nu10030308

66. Hanach, NI, McCullough, F, and Avery, A. The impact of dairy protein intake on muscle mass, muscle strength, and physical performance in middle-aged to older adults with or without existing sarcopenia: A systematic review and meta-analysis. Adv Nutr (2019) 10(1):59–69. doi: 10.1093/advances/nmy065

67. Sinclair, M, Gow, PJ, Grossmann, M, and Angus, PW. Review article: Sarcopenia in cirrhosis–aetiology, implications and potential therapeutic interventions. Aliment Pharmacol Ther (2016) 43(7):765–77. doi: 10.1111/apt.13549

68. McDaniel, J, Davuluri, G, Hill, EA, Moyer, M, Runkana, A, Prayson, R, et al. Hyperammonemia results in reduced muscle function independent of muscle mass. Am J Physiol Gastrointest Liver Physiol (2016) 310(3):G163–70. doi: 10.1152/ajpgi.00322.2015


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Yi, Wang, Ding, He, Lv and Chang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo.2023.1101892_cover.jpg
’ frontiers | Frontiers in Endocrinology

Diet was less significant than
physical activity in the prognosis
of people with sarcopenia and
metabolic dysfunction-
associated fatty liver diseases:
Analysis of the National

Health and Nutrition
Examination Survey Il





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Diet was less significant than physical activity in the prognosis of people with sarcopenia and metabolic dysfunction-associated fatty liver diseases: Analysis of the National Health and Nutrition Examination Survey III

      

        		

          Background

        



        		

          Materials and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Material and methods

        

          		

            2.1 Data source and population

          



          		

            2.2 Definition of MAFLD

          



          		

            2.3 Definition of sarcopenia

          



          		

            2.4 Physical activity level

          



          		

            2.5 Ascertainment of nutrient components intake

          



          		

            2.6 Other definitions

          



          		

            2.7 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Data characteristics

          



          		

            3.2 Identify risk factors for sarcopenia among MAFLD participants

          



          		

            3.3 All-cause mortality

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-14-1101892-g001.jpg
NHANES 2017-2018
9,254 Survey participants
9,199 non-pregnant survey participants

Excluded
6,146 not eligible for DXA scans

833 missing liver fibro-scans
702 HBV positive
14 HCV positive

1,504 non-pregnant adults

538 MAFLD 966 non-MAFLD
111 Sarcopenia 427 Non-sarcopenia 72 Sarcopenia 894 Non-sarcopenia





OEBPS/Images/table2.jpg
Covariates Non-MAFLD

OR (95% Cl) OR (95% CI)

Physical activity

Inactive Reference Reference

Insufficient 0.77 (0.57-1.04) 0.089 0.65 (0.49-0.87) 0.004

Active 0.51 (0.36-0.95) < 0.001 0.57 (0.42-0.77) < 0.001
Calorie *

Q1 Reference Reference

Q 0.58 (0.41-0.83) 0.003 1.00 (0.73-1.36) 0.978

Q3 0.82 (0.58-1.14) 0.238 0.86 (0.61-1.21) 0.388

Q4 0.83 (0.58-1.20) 0.333 0.83 (0.57-1.20) 0.313
Protein ®

Q1 Reference Reference ‘

Q 0.98 (0.70-1.38) 0.913 0.98 (0.71-1.34) 0.898 ‘

Q3 0.83 (0.57-1.20) 0.325 0.85 (0.61-1.19) 0.335

QU 1.04 (0.73-1.48) 0.838 0.94 (0.66-1.34) 0.729
Carbohydrates ©

Q1 Reference Reference

Q2 0.53 (0.37-0.76) < 0.001 0.85 (0.61-1.17) 0.309

Q3 0.75 (0.53-1.05) 0.09 1.12 (0.82-1.53) 0.471

Q1 0.76 (0.53-1.08) 0.128 0.64 (0.43-0.94) 0.024
Fatty acids ¢

Q1 Reference Reference

Q 0.62 (0.44-0.89) 0.009 1.01 (0.74-1.38) 0.949

Q3 0.89 (0.64-1.25) 0.503 0.86 (0.61-1.21) 0.387

Qu 0.82 (0.57-1.19) 0.297 1.02 (0.72-1.44) 0.928

Carbohydrates %

<40% Reference Reference

40%-59% 0.82 (0.60-1.13) 0.223 0.89 (0.65-1.22) 0.484

260% 0.85 (0.57-1.28) 0.434 1.04 (0.71-1.52) 0.832
Fatty acids %

<40% Reference Reference

240% 1.18 (0.89-1.57) 0.257 1.09 (0.83-1.43) 0.549
Relative protein intake < 0.001

<12g/kg Reference Reference

1.2-1.5 g/kg 0.28 (0.14-0.53) < 0.001 0.06 (0.03-0.14) < 0.001

>1.5 g/kg 0.39 (0.23-0.68) < 0.001 027 (0.17-0.43) < 0.001

2Q1: 0-1763 keal in male, 0-1230 keal in female; Q2: 1764-2365 keal in male, 1231-1647 keal in female; Q3: 2366-3128 keal in male, 1648-2148 keal in female; Q4: > 3128 keal in male, >
2148 kcal in female.

*Q1: 0-64.0 g in male, 0-44.0 g in female; Q2: 64.1-89.2 g in male, 44.1-62.1 g in female; Q3: 89.3-121.0 g in male, 62.2-82.9 g in female; Q4: > 121.0 g in male, > 83.0 g in female.

Ql: 0-203 g in male, 0-152 g in female; Q2: 204-280 g in male, 153-206 g in female; Q3: 281-371 g in male, 207-271 g in female; Q4: > 371 g in male, > 271 g in female.

9Q1: 0-58 g in male, 0-40 g in female; Q2: 59-87 g in male, 41-60 g in female; Q3: 88-124 g in male, 61-87 g in female; Q4: > 124 g in male, > 87 g in female.

Adjusted for age, sex, and race.

MAFLD, metabolic dysfunction-associated fatty liver diseases.





OEBPS/Images/table4.jpg
Covariate Overall < 60 years > 60 years

HR (95% Cl) HR (95% Cl) P-value HR (95% Cl) P-value
Age 1.07 (1.06-1.08) < 0.001 1.07 (1.05-1.09) < 0.001 1.10 (1.06-1.13) < 0.001
Male 1.47 (1.15-1.88) 0.002 1.92 (1.28-2.88) 0.002 1.21 (0.87-1.67) 0.251
Race
Black Reference Reference Reference
Hispanic 0.87 (0.65-1.17) 0.353 0.87 (0.53-1.43) 0.581 0.85 (0.58-1.23) 0.383
‘White 0.98 (0.76-1.27) 0.896 0.78 (0.50-1.22) 0.276 1.14 (0.83-1.56) 0.435

Others 1.06 (0.46-2.48) 0.884 1.20 (0.35-4.08) 0.768 0.92 (0.28-3.08) 0.896

Physical activity

Inactive Reference Reference Reference
Insufficiently active 0.75 (0.58-0.97) 0.027 0.74 (0.45-1.02) 0.176 0.78 (0.57-1.08) 0.132
Active 0.64 (0.48-0.86) 0.003 0.80 (0.51-1.30) 0.392 0.60 (0.42-0.86) 0.006

Relative protein intake ‘

<12 g/kg Reference Reference Reference

1.2-1.5 g/kg 0.93 (0.43-1.99) 0.851 0.72 (0.26-2.00) 0.534 1.09 (0.34-3.51) 0.886

> 1.5g/kg 0.90 (0.56-1.45) 0.667 1.14 (0.57-2.29) 0.715 0.77 (0.40-1.49) 0.434
Cirrhosis 1.12 (0.86-1.45) 0.395 0.96 (0.60-1.56) 0.883 1.15 (0.84-1.59) 0.383
T2DM 1.39 (1.05-1.82) 0.02 1.76 (1.08-2.85) 0.023 1.26 (0.90-1.78) 0.182
HTN 1.12 (0.90-1.40) 0311 131 (0.90-1.91) 0.165 1.00 (0.76-1.32) 0.983
HL 1.02 (0.80-1.31) 0.862 0.82 (0.52-1.31) 0.409 1.08 (0.79-1.47) 0.64
Smoking 1.40 (1.11-1.77) 0.004 1.36 (0.92-2.01) 0.123 1.54 (1.14-2.07) 0.005

Adjusted for age, sex, and race.
T2DM, Type 2 Diabetes; HL, hyperlipidemia; HTN, Hypertension.





OEBPS/Images/table3.jpg
Covariate Model 1 Model 2 Model 3 Model 4

HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value

MAFLD 111 (1.03-1.19) 0.007 111 (1.04-1.20) 0.003 1.05 (0.97-1.13) 0.209 1.03 (0.96-1.11) 0.427
Sarcopenia 1.18 (1.06-1.34) 0.003 1.17 (1.04-1.30) 0.009 1.16 (1.03-1.30) 0.013 1.14 (1.02-1.28) 0.025
Age 1.09 (1.09-1.09) < 0.001 1.09 (1.09-1.09) < 0.001 1.09 (1.08-1.09) < 0.001 1.09 (1.08-1.09) < 0.001
Male 1.46 (1.37-1.55) < 0.001 1.43 (1.35-1.52) < 0.001 1.46 (1.37-1.55) < 0.001 1.28 (1.20-1.37) < 0.001
Race

Black Reference Reference Reference Reference

Hispanic 0.69 (0.63-0.75) < 0.001 0.73 (0.67-0.80) < 0.001 0.70 (0.64-0.76) < 0.001 0.74 (0.67-0.80) < 0.001

White 0.81 (0.75-0.87) < 0.001 0.79 (0.74-0.86) < 0.001 0.82 (0.76-0.88) 0.002 0.83 (0.78-0.90) < 0.001

Others 0.55 (0.45-0.66) < 0.001 0.55 (0.46-0.67) < 0.001 0.55 (0.46-0.66) < 0.001 0.61 (0.50-0.73) < 0.001
Obesity

Normal Reference Reference Reference Reference

Obese 0.87 (0.86-0.93) < 0.001 0.90 (0.84-0.97) 0.005 0.87 (0.81-0.94) < 0.001 0.86 (0.80-0.93) <0.001

Overweight ] 1.03 (0.13-1.12) 0.409 1.10 (1.02-1.19) 0.014 1.03 (0.95-1.10) 0.503 0.99 (0.91-1.07) 0.767
Advanced fibrosis 1.33 (1.21-1.46) < 0.001 1.21 (1.10-1.33) < 0.001 1.22 (1.11-1.35) < 0.001
T2DM 2.00 (1.83-2.18) < 0.001 1.94 (1.77-2.11) < 0.001
HTN 1.30 (1.22-1.39) <0.001
HL 0.92 (0.85-0.98) 0.017
Smoking 1.58 (1.48-1.69) < 0.001

Model 1 was adjusted for age, sex, race, and BMI levels. Model 2 was adjusted for age, sex, race, BMI levels, and the existence of advanced fibrosis. Model 3 was adjusted for age, sex, race, BMI
levels, advanced fibrosis, and T2DM. Model 4 was adjusted for age, sex, race, BMI levels, advanced fibrosis, T2DM, HTN, hypercholesterolemia, and history of smoking,
MAFLD, metabolic dysfunctiun-assucialed fatty liver diseases; BMI, body mass index; T2DM, Type 2 Diabetes; HL, hyperlipidemia; HTN, Hypertension.
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OR (95% CI)

MAFLD 1.38 (1.11-1.73) 0.004
Age 1.06 (1.05-1.07) < 0.001
Male sex 1.37 (1.09-1.73) 0.006
Race
Black Reference
Hispanic 0.81 (0.61-1.07) 0.144
White 0.83 (0.64-1.09) 0.182
Others 0.62 (0.31-1.25) 0.181
BMI 1.34 (1.31-1.36) < 0.001
HbAlc 0.92 (0.85-0.99) 0.088

Physical activity

Inactive Reference
Insufficiently active 0.79 (0.61-1.03) 0.085
Active 0.71 (0.53-0.95) 0.02
Calorie °
Q1 Reference
Q 0.84 (0.64-1.11) 0.226
Q3 0.82 (0.61-1.10) 0.177
Q 0.61 (0.44-0.85) 0.003

*Q1: 0-1763 kcal in male, 0-1230 keal in female; Q2: 1764-2365 kcal in male, 1231-1647 kcal
in female; Q3: 2366-3128 kcal in male, 1648-2148 kcal in female; Q4: >3128 kcal in male,
>2148 keal in female.

MAFLD, metabolic dysfunction-associated fatty liver diseases; BMI, body mass index; HbAlc,
glycosylated hemoglobin.





