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Abstract

:

This population-based, cross-sectional study examined the preventive role of non-exercise-based estimation of cardiorespiratory fitness (eCRF) against the impacts of sarcopenia and obesity on the non-alcoholic fatty liver (NAFL) in Korean adults. Data were obtained from the 2008–2011 Korea National Health and Nutrition Examination Surveys IV and V (n = 14,015 Koreans aged ≥ 18 years, 64% women). eCRF was calculated with the age- and sex-specific algorithms, and classified as lower (lowest 25%), middle (middle 50%) and upper (highest 25%). Individuals were classified as optimal (i.e., the absence of both sarcopenia and obesity), sarcopenia (i.e., the presence of sarcopenia), obesity (i.e., the presence of obesity) or sarcopenic obesity (i.e., the coexistence of sarcopenia and obesity). Limited to the sarcopenia phenotype, the adjusted odds ratio (OR) of NAFL was 2.2 (95% confidence interval, CI, 1.5–3.1) for the lower eCRF, 1.6 (95% CI, 1.3–2.1) for the middle eCRF and 2.1 (95% CI, 1.4–3.1) for the upper eCRF, compared to the optimal phenotype. Limited to the obesity phenotype, the adjusted OR of NAFL was 2.9 (95% CI, 2.0–4.2) for the lower eCRF, 3.5 (95% CI, 2.7–4.6) for the middle eCRF and 1.8 (95% CI, 1.2–2.8) for the upper eCRF, compared to the optimal phenotype. Limited to the sarcopenic obesity phenotype, the adjusted OR of NAFL was 5.9 (95% CI, 4.3–8.2) for the lower eCRF, 4.2 (95% CI, 3.2–5.5) for the middle eCRF and 2.5 (95% CI, 1.5–4.1) for the upper eCRF, compared to the optimal phenotype. The current findings suggest that high eCRF attenuates the individual and synergistic impacts of sarcopenia and obesity on NAFL in Korean adults.
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1. Introduction


Non-alcoholic fatty liver disease (NAFLD) encompasses two subtypes of non-alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH). The global prevalence of NAFLD is estimated to be approximately 25% in the general population [1], although it varies from 15% to 70% depending on age, sex, ethnicity and diagnostic method [2,3]. The prevalence of NAFLD is projected to rise, due to an increase in Westernized affluent and sedentary lifestyles [4]. NAFL represents an excessive accumulation of hepatic fat in the absence of any significant inflammation or fibrosis. Pathologically, NAFL is closely associated with metabolic complications, such as hyperinsulinemia or dyslipidemia, resulting in such adverse health outcomes as type 2 diabetes [5] and cardiovascular diseases (CVDs) [6].



Obesity and cardiorespiratory fitness (CRF), which reflects the ability of the respiratory and circulatory systems to deliver oxygen to working skeletal muscles during exercise, have been well established as independent predictors of metabolic syndrome [7], diabetes [8] and CVDs [9]. The two lifestyle risk factors are also associated with NAFL [10,11]. In addition, sarcopenia is known as another novel risk factor of NAFL in Western [12,13] and Asian populations [14,15,16], collectively suggesting that an interaction among adipose tissue, skeletal muscle and the cardiorespiratory system may play an important role in the pathophysiology of NAFL [17]. In Korea, the prevalence of NAFL is steadily rising in those middle aged and older, particularly in men with central obesity [18], and in individuals with sarcopenia [16] or poor CRF [19]. Poor CRF increases the risk of both sarcopenia and visceral obesity in apparently healthy Korean adults [19]. Therefore, examining the individual and synergistic impacts of lifestyle risk factors on NAFL will provide critical information and help develop better therapeutic strategies for patients with NAFL.



An objective measurement of CRF, which requires laboratory-based assessments with gas analysis, is often limited due to such requirements as specialized equipment and trained personnel, as well as being time-consuming, especially in a large population-based study. Fortunately, CRF can be estimated with sex- and age-specific algorithms, developed on the basis of routinely-obtained health indictors, with acceptable accuracy [20]. To the best of our knowledge, however, no previous study has investigated whether or not eCRF is a moderator in determining the association of sarcopenia and/or obesity with NAFL in the Korean population. This study aimed to investigate the protective role of eCRF against the synergistic impacts of sarcopenia and obesity on NAFL in Korean adults.




2. Materials and Methods


2.1. Data Source and Study Participants


The data used in this study were obtained from the Korea National Health and Nutrition Examination Surveys (KNHANES) IV and V, conducted in the Republic of Korea from 2007 to 2011 [20]. In brief, KNHANES is a continuous survey of South Korea. Each survey consists of independent sets of non-institutionalized civilians aged 1 year and older from the South Korean population. All participants were randomly assigned from 600 randomly selected districts of cities and provinces in South Korea. KNHANES IV comprises survey 1 in 2007 (n = 4594), survey 2 in 2008 (n = 9744) and survey 3 in 2009 (n = 10,533). KNHANES V comprises survey 1 in 2010 (n = 8958) and survey 2 in 2011 (n = 8518). All statistics of this survey have been calculated using sample weights assigned to sample participants. A detailed description of the sample weights is available elsewhere [21].



For the current study, we initially selected 28,071 adults aged 18 years and older from KNHANES IV (survey 2 and survey 3) and V (survey 1 and survey 2). We then excluded individuals who had no data available regarding height and weight (n = 20), resting heart rate (n = 1287), waist circumference (WC) (n = 78), appendicular skeletal muscle mass (n = 9360), physical activity (n = 47), marital status (n = 260) or education (n = 35) at baseline. Individuals who met the following criteria were additionally excluded: (1) alcohol abuse (n = 2445), defined as a weekly alcohol consumption > 140 g/week for men and > 70 g/week for women; 2) positive serologic markers for hepatitis B (n = 393) or hepatitis C virus (n = 41); and (3) the presence of liver cirrhosis (n = 62) or liver cancer (n = 28). Consequently, a total of 14,015 adults (8917 women) were included in the final data analyses (Figure 1). The Institutional Review Board of the Korea Centre for Disease Control and Prevention in accordance with the Declaration of Helsinki reviewed and approved the KNHANES (Nos. 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06C).




2.2. Study Variables


2.2.1. Definition of Obesity and Sarcopenia


Asians, including Koreans, have a higher risk of central obesity than Western populations, due to a higher chance of central fat deposition, despite having lower BMI [22]. More importantly, BMI fails to account for changes in body composition with aging, specifically the age-related decline in muscle mass, strength and function [23]. Consequently, WC is known as a better indicator of visceral adiposity, and is more closely associated with insulin resistance (IR) and its related metabolic disorders such as NALFD [24,25], especially in Koreans [26,27]. In this study, therefore, the same Korean-specific WC threshold for metabolic syndrome was used to determine central obesity: WC ≥ 90 cm in men or ≥85 cm in women [28].



Appendicular skeletal muscle mass (ASM) was defined as the sum of the muscle mass in the arms and legs, measured with dual energy X-ray absorptiometry (DEXA) (DISCOVERY-W fan-beam densitometer, Hologic, Inc., Bedford, MA, USA). Sarcopenic index was calculated with ASM (kg) divided by body weight (kg), and the index values that were < 1 standard deviation below the mean of the sex-specific healthy reference group (i.e., aged 20–39 years) from the same KNHANES IV and V database were considered sarcopenic [29].



Based on the sarcopenia and obesity assessments, individuals were classified as optimal (i.e., the absence of body sarcopenia and obesity), sarcopenia (i.e., the presence of sarcopenia), obesity (i.e., the presence of obesity) or sarcopenic obesity (i.e., the coexistence of sarcopenia and obesity).




2.2.2. Calculation of eCRF


eCRF was calculated in units of metabolic equivalents (METs) [20]; eCRF (METs) = 2.77 (sex) − 0.10 (age) − 0.17 (body mass index) − 0.03 (resting heart rate) + 1.00 (physical activity score) + 18.07. Physical activity score was assessed with the Johnson Space Centre Physical Activity Rating scale, which was developed to provide a self-rating in the range of 0 (avoid physical activities whenever possible) to 7 (heavy physical activities done regularly for more than 3 hours per week) [30]. eCRF was then classified into lower (lowest 25%), middle (middle 50%) and upper (highest 25%), on the basis of sex- and age-specific tertiles of individual distributions.




2.2.3. Definition of Hepatic Steatosis


Hepatic steatosis was determined using the following two indices of suspected hepatic steatosis.



NAFLD liver fat score (NAFLD-LFS) [31]



NAFLD-LFS = −2.89 + 1.18 (metabolic syndrome; yes = 1, no = 0) + 0.45 (type 2 diabetes; yes = 2, no = 0) + 0.15 (insulin) + (0.04 × alanine aminotransferase) − 0.94 × (aspartate aminotransferase/alanine aminotransferase), with fasting serum concentrations of insulin (µU/ml), alanine aminotransferase (U/L) and aspartate aminotransferase (U/L). Metabolic syndrome (Mets) was determined according to a revised National Cholesterol Education Program definition [32] with the adoption of a Korean-specific WC threshold [28].



Hepatic steatosis index (HSI) [33].



HSI = 8 (alanine aminotransferase/aspartate aminotransferase ratio) + body mass index (+ 2 if diabetes, + 2 if female), with the cut-off point of 30 for steatosis was used.




2.2.4. Clinical and Laboratory Measurements


Participants were required to complete self-administered questionnaires regarding smoking, alcohol habits, physical activity, income, marital status, education and past medical history. Height, weight, WC, systolic blood pressure (SBP), diastolic blood pressure (DBP) and resting heart rate (RHR) were assessed with standardized procedures by trained persons. Body mass index (BMI) was calculated as weight divided by height (kg/m2).



Fasting venous blood sampling was performed after overnight fasting to determine concentrations of glucose, total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDLC), insulin, alanine aminotransferase (ALT), aspartate aminotransferase (AST) and platelet. Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated; HOMA-IR = fasting insulin (uU/L) × fasting glucose (nmol/L)/22.5. A detailed description of the clinical and laboratory measurements is available elsewhere [22].





2.3. Statistical Analyses


All variables were checked for normality, both visually and through the Kolmogorov–Smirnov test, and subjected to an appropriate transformation, if necessary, prior to statistical analyses. Descriptive statistics were presented as means and standard deviations for continuous variables, and as percentages for categorical variables. Parametric and non-parametric statistics were also used to compare continuous and categorical variables, respectively, among sarcopenia and obesity-based phenotypes (i.e., optimal, sarcopenia, obesity and sarcopenic obesity) stratified by eCRF categories (i.e., lower, middle and upper). Odd ratios (ORs) and 95% confidence intervals (95% CIs) of sarcopenia and obesity-based phenotypes for NAFL were calculated in each eCRF category using multiple logistic regression analyses before and after adjustments for all measured covariates. Alpha was set at 0.05. All statistical analyses were performed using the SPSS-PC statistical software (version 23.0, SPSS Inc., Chicago, IL, USA).





3. Results


Table 1 represents the descriptive statistics of study participants. In general, men had more favorable profiles of marital status and education, and higher rates of physical inactivity, smoking, heavy alcohol consumption, hypertension, diabetes and metabolic syndrome, in conjunction with a higher rate of glucose-lowering medications and a lower rate of lipid-lowering medications than women. Men had poorer blood chemistry profiles than women, as shown in FBG, TG, AST, ALT, NAFLD-LFS, HSI and HDLC.



Compared to optimal, anthropometrics (i.e., age, BMI, percent body fat, WC and SMI), SES (i.e., marital status and education) and health conditions (i.e., smoking, alcohol consumption, inactivity, hypertension, diabetes, metabolic syndrome, menopause, glucose and lipid-lowering medications, and markers of NAFL) became worse in the order of sarcopenia, obesity and sarcopenic obesity, in the lower, middle and upper eCRF categories. Compared to optimal, blood chemistry profiles (i.e., FBG, insulin, HOMA-IR, TC, HDL-C, TG, AST and ALT) also became worse in the order of sarcopenia, obesity and sarcopenic obesity, in the lower, middle and upper eCRF categories (refer to Tables S1–S3 in the Supplementary Materials).



Table 2 represents the impacts of sarcopenia and obesity on the prevalence of NAFL, stratified by eCRF levels. Significant inverse, linear trends in the prevalence of NAFL were found according to incremental eCRF categories (from lower to upper) in all the sarcopenia and obesity-based phenotypes.



Table 3 represents the ORs and 95% CIs of sarcopenia and obesity-based phenotypes for NAFL, stratified by eCRF levels. Limited to the sarcopenia phenotype, the adjusted OR of NAFL was 2.2 (95% CI, 1.5–3.1) for the lower eCRF, 1.6 (95% CI, 1.3–2.1) for the middle eCRF and 2.1 (95% CI, 1.4–3.1) for the upper, compared to the optimal phenotype. Limited to the obesity phenotype, the adjusted OR of NAFL was 2.9 (95% CI, 2.0–4.2) for the lower eCRF, 3.5 (95% CI, 2.7–4.6) for the middle eCRF and 1.8 (95% CI, 1.2–2.8) for the upper eCRF, compared to the optimal phenotype. Limited to the sarcopenic obesity phenotype, the adjusted OR of NAFL was 5.9 (95% CI, 4.3–8.2) for the lower eCRF, 4.2 (95% CI, 3.2–5.5) for the middle eCRF and 2.5 (95% CI, 1.5–4.1) for the upper eCRF, compared to the optimal phenotype. Together, the findings of the current study suggest that high eCRF attenuates the individual and synergistic impacts of sarcopenia and obesity on NAFL.




4. Discussion


In this population-based study, we examined the impacts of sarcopenia and obesity on NAFL, stratified by eCRF levels, in Korean adults, and found that NAFL was positively associated with sarcopenia and/or obesity, and inversely associated with eCRF. To the best of our knowledge, this is the first study to report that high eCRF attenuates the individual and synergistic impacts of sarcopenia and obesity on NAFL in Korean adults.



The findings of the current study are in accordance with previous studies reporting obesity and sarcopenia as important risk factors for NAFL. In an average 4.5-year follow-up cohort study, involving 77,425 metabolically healthy adults at baseline, Chang et al. [34] showed that overweight and obese individuals had higher hazard ratios of incident NAFLD (HR = 2.15, 95% CI = 2.06–2.26 and OR = 3.55, 95% CI = 3.37–3.74, respectively) compared with normal-weight individuals. By analyzing the data obtained from 29,994 Korean adults aged 18 years and older who had a routine health examination, Kwon et al. [35] showed that obese individuals had a higher prevalence of NAFLD (50.1% vs. 12.6%) compared to non-obese individuals. Yang et al. [36] examined the association between NAFLD and obesity-related metabolic syndrome in a sample of 614 Korean participants recruited from a local community, and found that the risk of Mets was linearly increased according to incremental NAFLD severity (from mild to severe). Together, these findings of the current and previous studies suggest that obesity, especially central obesity, increases the odds for NAFL directly and/or indirectly by inducing metabolic disorders, such as metabolic syndrome and IR [37].



In addition to obesity, the findings of the current study are also in accordance with the findings from Korean cohort studies reporting sarcopenia as another novel risk factor of NAFL. In a total of 4398 Korean adults who had no baseline NAFLD, Lee et al. [38] examined the association between ASM and the 7-year follow-up incident of NAFLD, and found that decreased ASM was positively associated with incident of NAFLD independent of obesity. By analyzing a 7-year follow-up study, involving 12,624 Korean adults aged 20 years and older, Kim et al. [14] also showed that baseline skeletal muscle index (SMI) was inversely associated with incident NAFLD, and positively correlated with the resolution of baseline NAFLD.



The association between sarcopenia and NAFL has been reported from population-based, cross-sectional studies. By analyzing data obtained from KNHANES IV and V, Lee et al. [16] examined the association between sarcopenia and NAFLD in a representative sample of Korean adults, and found that decreased SMI was independently associated with an increased risk of NAFL and NASH in Korean adults. In a recent meta-analysis involving 19 articles, Cai et al. [39] showed that patients with NAFLD had lower SMI than normal controls. In that study, sarcopenic individuals were found to have a significantly higher risk of developing NAFL (OR = 1.33), NASH (OR = 2.42) and hepatic fibrosis (OR = 1.56) when compared with their non-sarcopenic counterparts. Those previous findings emphasize the clinical importance of increases in skeletal muscle mass as a therapeutic strategy against NAFL.



Evidence has been accumulated to support lifestyle intervention as a therapeutic strategy for patients with NAFL. In a review paper, Glass et al. [40] showed that a combination of aerobic and resistance exercise, targeting both CRF and myokines, resulted in the greatest benefits for NAFLD. In a lifestyle intervention with diet modification and increase in physical activity, for example, CRF at baseline was the strongest predictor of reductions in fatty liver, independent of changes in body fatness [41]. Similarly, a 16 weeks of supervised exercise training resulted in improvements in both CRF and NAFL independent of weight loss, and the exercise training-induced improvements in CRF and NAFL were reversed after 1 year of exercise cessation [42], implying that CRF and NAFL are causally related to each other. Consequently, an intervention study will be necessary to elucidate the nature of the link between CRF and NAFL, as well as the underlying mechanism(s).



Several explanations are possible for the high eCRF-related attenuation of the prevalence of NAFL, associated with sarcopenia and central obesity, observed in the current study. First, sarcopenia and obesity are two of the major risk factors that are frequently encountered in patients with NAFL. IR is considered as a common factor linking sarcopenia and obesity to hepatic steatosis, via perturbations in the release of myokines and adipokines, respectively [17]. On the other hand, CRF is positively associated with whole-body insulin sensitivity in apparently healthy men and women [39], as well as overweight/obese subjects [10]. Therefore, it seems reasonable to speculate that high CRF-related insulin sensitivity may attenuate the individual and synergistic impact of sarcopenia and obesity on the risk of hepatic steatosis.



Second, inflammation may be another explanation for the link between hepatic steatosis, sarcopenia and obesity [43,44]. As such, high CRF-related anti-inflammatory responses may attenuate the individual and synergistic impacts of sarcopenia and obesity on NAFL [11].



Third, metabolic syndrome, characterized by hyperglyceridemia, hyperlipidemia and hypertension, may contribute to the development of NAFL [45]. On the other hand, promotion of CRF via regular exercise has been well established as an effective therapeutic strategy for patients with metabolic complications [46,47]. Together, the findings of the current study suggest that sarcopenia and obesity are individually and synergistically associated with whole-body insulin resistance/diabetes, low grade inflammation and metabolic syndrome, contributing to the development of NAFL, while high CRF may alleviate the individual and synergistic impacts of sarcopenia and obesity on NAFL by suppressing/minimizing those metabolic complications.



This study has limitations. First, the cross-sectional nature of this study does not allow causal inference regarding the potential role of eCRF in determining the relationships of sarcopenia and obesity with NAFL. Second, a further study will be necessary to investigate the cellular and molecular mechanism(s) through which CRF alleviates the impact of sarcopenic obesity on the risk of hepatic steatosis. Third, most previous studies involving Korean populations did not include CRF as an exposure, perhaps due to practical the difficulties/limitations related to its measurement. Alternatively, we included eCRF as an important exposure, so that the nature of the relationship of sarcopenic obesity with NAFLD may be better delineated or unveiled [18]. However, the accuracy of the eCRF used in this study remains to be validated in Korean populations. Fourth, BMI and waist-to-hip ratio (WHR) were used as obesity measures, and these are also closely associated with metabolic disorders [46]. Consequently, the impact of the coexistence of sarcopenia and obesity on NAFL should be further addressed in a future study using anthropometric measures of obesity. Fifth, assessment of alcohol consumption based on a self-reported questionnaire may not eliminate the possibility of underestimating the alcohol intake. Lastly, although using HSI and NAFLD-LFS as biomarkers of NAFL was previously validated against ultrasound or 1H-MRS [31], their accuracy in quantifying steatosis was also questioned, and contrasted with liver biopsy as the reference standard [48]. Therefore, the accuracy of HSI and NAFLD-LFS should be validated against liver biopsy, ultrasound or 1H-MRS as reference standard in a large cohort study using Korean populations.



Despite the limitations, the current findings of this population-based, cross-sectional study indicate the individual and synergistic impacts of sarcopenia and obesity on NAFL, and expand the current knowledge and literature regarding this issue, proving the possible role of eCRF as an important mediator in determining the relationship between sarcopenic obesity and NAFL in Korean adults.




5. Conclusions


This study examined the impacts of sarcopenia and obesity on NAFL in relation to eCRF levels in Korean adults, and found that high eCRF attenuates the individual and synergistic impacts of sarcopenia and obesity on NALF. From a clinical perspective, the findings of our study suggest that the importance of interventions targeting both poor CRF and sarcopenic obesity should be emphasized in the management and prevention of NAFL.
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Abbreviations




	CRF
	cardiorespiratory fitness



	eCRF
	estimated cardiorespiratory fitness



	WC
	waist circumference



	WHR
	waist-to-hip ratio



	BMI
	body mass index



	OR
	odds ratio



	CI
	confidence interval



	NAFLD
	non-alcoholic fatty liver disease



	NAFL
	non-alcoholic fatty liver disease



	NASH
	non-alcoholic



	CVDs
	cardiovascular diseases



	KNHNES
	Korea National Health and Nutrition Examination Surveys



	ASM
	Appendic ular skeletal muscle mass



	SMI
	skeletal muscle index



	DEXA
	dual energy X-ray absorptiometry



	METs
	metabolic equivalents



	NAFLD-LFS
	NAFLD liver fat score



	HSI
	hepatic steatosis index



	Mets
	metabolic syndrome



	RHR
	resting heart rate



	SBP
	systolic blood pressure



	DBP
	diastolic blood pressure



	TC
	total cholesterol



	TG
	triglycerides



	HDLC
	high-density lipoprotein cholesterol



	FBG
	fasting blood glucose



	ALT
	alanine aminotransferase



	AST
	aspartate aminotransferase



	HOMA-IR
	homeostasis model assessment of insulin resistance



	GLM
	glucose-lowering medications



	LLM
	lipid-lowering medications
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Figure 1. Flow chart of eligible participants in the study. 
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Table 1. Description of study participants.
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	Women (n = 8917)
	Men (n = 5098)
	Total (n = 14,015)





	Body fatness and fitness
	
	
	



	 Age (year)
	50.3 ± 16.2
	49.7 ± 16.4
	50.1 ± 16.3



	 BMI (kg/m2)
	23.4 ± 3.4
	23.9 ± 3.1
	23.6 ± 3.3



	 Body fat (%)
	33.0 ± 5.5
	22.1 ± 5.5
	29.1 ± 7.6



	 WC (cm)
	78.8 ± 9.9
	84.0 ± 9.0
	80.7 ± 9.9



	 SMI (%)
	26.9 ± 2.7
	34.0 ± 3.0
	29.5 ± 4.4



	 RHR (beats/min)
	71.6 ± 9.3
	70.0 ± 9.4
	71.0 ± 9.3



	 eCRF (METs)
	8.2 ± 2.2
	11.2 ± 2.2
	9.3 ± 2.7



	Socio-economic status
	
	
	



	 Income (10,000 won/month)
	345.2 ± 823.7
	375.1 ± 1229.8
	356.1 ± 990.9



	 Marital status, n (%)
	
	
	



	  Married
	6308 (70.7)
	4055 (79.5)
	10,363 (73.9)



	  Widow/divorced
	1742 (19.6)
	232 (4.6)
	1974 (14.1)



	  Unmarried
	867 (9.7)
	811 (15.9)
	1678 (12.0)



	 Education, n (%)
	
	
	



	  Elementary
	3101 (34.8)
	923 (18.1)
	4024 (28.7)



	  Middle/high
	3672 (41.2)
	2426 (47.6)
	6098 (43.5)



	  College
	2144 (24.0)
	1749 (34.3)
	3893 (27.8)



	Health conditions
	
	
	



	 Smoking, n (%)
	728 (8.2)
	3856 (75.6)
	4584 (32.7)



	 Alcohol, n (%)
	2049 (23.0)
	373 (7.3)
	2422 (17.3)



	 Inactivity, n (%)
	5540 (62.1)
	2831 (55.5)
	8371 (59.7)



	 Hypertension, n (%)
	2602 (29.2)
	1939 (38.0)
	4541 (32.4)



	 Diabetes, n (%)
	766 (9.0)
	548 (11.1)
	1314 (9.8)



	 Metabolic syndrome, n (%)
	2056 (24.2)
	1380 (28.0)
	3436 (25.6)



	 Menopause, n (%)
	4069 (45.6)
	0 (0.0)
	4069 (29.0)



	 GLM, n (%)
	568 (6.4)
	381 (7.5)
	949 (6.8)



	 LLM, n (%)
	499 (5.6)
	198 (3.9)
	697 (5.0)



	Blood markers
	
	
	



	 FBG (mg/dL)
	96.2 ± 21.3
	99.7 ± 26.2
	97.5 ± 23.3



	 Insulin (uIU/L)
	10.0 ± 5.6
	9.9 ± 5.4
	10.0 ± 5.5



	 HOMA-IR
	2.4 ± 2.3
	2.5 ± 1.7
	2.5 ± 2.1



	 TC (mg/dL)
	189.0 ± 36.0
	186.7 ± 34.8
	188.2 ± 35.6



	 HDL-C (mg/dL)
	49.8 ± 10.9
	44.5 ± 10.2
	47.8 ± 11.0



	 TG (mg/dL)
	115.0 ± 76.6
	147.9 ± 104.6
	127.1 ± 89.3



	 AST (IU/L)
	20.3 ± 8.1
	23.7 ± 12.2
	21.5 ± 10.0



	 ALT (IU/L)
	17.7 ± 12.7
	26.2 ± 22.0
	20.8 ± 17.2



	 Platelet (109/L)
	264.2 ± 59.7
	243.3 ± 54.1
	256.5 ± 58.6



	Indices of hepatic steatosis
	
	
	



	 NAFLD-LFS
	−1.44 ± 1.44
	−1.02 ± 1.47
	−1.29 ± 1.47



	 HSI
	32.3 ± 4.8
	32.7 ± 5.4
	32.4 ± 5.0







BMI, body mass index; WC, waist circumference; SMI, skeletal muscle index; RHR, resting heart rate; eCRF, non-exercise-based estimation of cardiorespiratory fitness; GLM, glucose-lowering medications; LLM, lipid-lowering medications; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment of insulin resistance; TC, total cholesterol; TG, triglycerides; AST, aspartate aminotransferase; ALT, alanine aminotransferase; NAFLD-LFS, non-alcoholic fatty liver disease-liver fatty score; HSI, hepatic steatosis index.
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Table 2. The impacts of sarcopenia and obesity on the prevalence of NAFL stratified by eCRF levels.
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	Optimal
	Sarcopenia
	Obesity
	Sarcopenic Obesity





	Lower eCRF
	177 (14.9%)
	127 (27.9%)
	281 (61.2%)
	524 (69.4%)



	Middle eCRF
	418 (11.2%)
	183 (20.7%)
	410 (59.8%)
	463 (63.3%)



	Upper eCRF
	217 (9.3%)
	68 (18.3%)
	121 (49.0%)
	94 (54.3%)



	
	p < 0.001
	p = 0.001
	p = 0.005
	p < 0.001







eCRF: non-exercise-based estimation of cardiorespiratory fitness.
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Table 3. Odds ratio (OR) of sarcopenia and obesity-based phenotypes for NAFL, stratified by eCRF levels (data are presented as OR and 95% confidence interval).
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Phenotypes

	
Lower 25% eCRF

	
Middle 50% eCRF

	
Upper 5% eCRF




	
SAR

	
OB

	
Crude OR

	
Adjusted OR

	
Crude OR

	
Adjusted OR

	
Crude OR

	
Adjusted OR






	
-

	
-

	
1 (referent)

	
1 (referent)

	
1 (referent)

	
1 (referent)

	
1 (referent)

	
1 (referent)




	
+

	
-

	
2.2 (1.7–2.9) **

	
2.1 (1.5–3.1) **

	
2.1 (1.7–2.5) **

	
1.6 (1.3–2.1) **

	
2.2 (1.6–3.0) **

	
2.1 (1.4–3.1) *




	
-

	
+

	
9.0 (7.1–11.6) **

	
2.9 (2.0–4.2) **

	
11.8 (9.8–11.4) **

	
3.5 (2.7–4.6) **

	
9.4 (7.0–12.5) **

	
1.8 (1.2–2.8) *




	
+

	
+

	
13.0 (10.4–16.2) **

	
5.9 (4.3–8.2) **

	
13.7 (11.4–16.4) **

	
4.2 (3.2–5.5) **

	
11.6 (8.3–16.1) **

	
2.5 (1.5–4.1) **








eCRF, non-exercise-based estimation of cardiorespiratory fitness; SAR, sarcopenia; OB, obesity. Minus (-) and plus (+) indicate the absence of SAR or OB and the presence of SAR and/or OB, respectively. Adjusted for income, marital status, education, resting heart rate, smoking, alcohol consumption, hypertension and menopause. * p < 0.05, ** p < 0.001.
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