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Abstract
Background
As a newly proposed diagnosis, data on the prevalence of metabolic dysfunction-associated fatty liver disease (MAFLD) is rare. We aimed to assess the prevalence and risk factors of MAFLD using new definition in the contemporary South China population.

Methods
In this population based, cross sectional study, a total of 5377 participants aged 30–79 years old were recruited from the South China between 2018 and 2019. MAFLD was diagnosed in subjects who have both hepatic steatosis and metabolic disorders according to the newly international expert consensus. The total prevalence of MAFLD and prevalence by sex and age was estimated. Demographic characteristics, history of disease, and lifestyle were recorded by participants on a questionnaire. Abdominal ultrasonography was performed and evaluated by experienced sonographers. Multivariable logistic regression was used to calculate the odds ratios (ORs) of MAFLD.

Results
Overall prevalence of MAFLD was 29.2% (95% confidence interval [CI] 28.0% to 30.5%). Prevalence was higher in women (31.7%) than in men (25.5%; p < 0.001 for sex difference) and in subjects aged 50 years or older (30.7%) than in those aged 30–49 years (19.8%; p < 0.001 for age difference). In participants diagnosed with MAFLD, the prevalence of overweight/obesity was up to 90.5%, type 2 diabetes (T2DM) and metabolic dysregulation were 25.0% and 62.2%, respectively. Risk factors for MAFLD included overweight/obesity (OR = 4.67; 95% CI, 3.76–5.83), T2DM (OR = 2.41, 95% CI, 1.68–3.47), hypertriglyceridemia (OR = 2.42, 95% CI, 2.03–2.87), high school education (OR = 1.50, 95% CI, 1.23–1.82), high income (OR = 1.22, 95% CI, 1.05–1.42). A lower risk of MAFLD was associated with high physical activity equivalent (OR = 0.71, 95% CI, 0.60–0.85). A U-shaped association of frequency of soups and ORs of MAFLD was found, the adjusted ORs (95% CI) of lower and higher frequency of soups were 1.58 (1.32–1.89) and 1.36 (1.13–1.63), respectively.

Conclusions
Our results showed a high prevalence of MAFLD in the general adult population in South China. Obesity has the greatest impact on MAFLD, physical activity and moderate consumption of soups might be the potential protective factors of MAFLD.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12986-021-00611-x.
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Background
The rapid economic development in the last four decades has led to a large number of aging population and a change in lifestyle among the Chinese population, with a higher level of calorie intake and sedentary behavior, and lower level of physical activity [1–3]. This change has resulted in more people who are overweight/obesity, as well as metabolic diseases, including fatty liver disease (FLD), occurring [4].
Metabolic dysfunction-associated fatty liver disease (MAFLD), formerly named non-alcoholic fatty liver disease (NAFLD), is a newly proposed diagnosis revised by the international expert consensus, and has attracted substantial attention [5]. According to the consensus, MAFLD is diagnosed in subjects who have both hepatic steatosis and metabolic risk factors, including an elevated BMI (overweight/obesity), type 2 diabetes mellitus (T2DM) or at least two metabolic risk abnormalities. Besides, the definition of MAFLD is regardless of alcohol consumption or other concomitant liver diseases, which is different from the previous term NAFLD. Previous studies had reported that about one-third of adults in the general population affected by NAFLD and the prevalence of NAFLD increased significantly over time, which increased from 25.28 to 33.9% from 2005 to 2017 in China [6]. Progression of NAFLD can lead to fibrosis, cirrhosis, hepatocellular carcinoma and liver failure, as well as contribute to an increased risk for metabolic and cardiovascular morbidity and mortality, posing a major health and economic burden to all societies [7, 8]. Hence, NAFLD has become an important public health issue, prevention and treatment thereof are of strong public interest.
However, the most recent prevalence and risk factors of new definition MAFLD in China are rare. Only a small number of studies with different age, non-natural population or non-community population have been performed in Central and Southwest China [9–11]. Furthermore, as an important factor of MAFLD, lifestyle varies between different geographical distribution, especially dietary habits. For example, many communities have developed their own specific type of soup, such as Hot and Sour Soup in Southwest China, Mutton Soup in Northern China, and long-boiled soups in South China [12, 13]. However, no previous study had explored the relationship between the habit of eating soup and MAFLD. Therefore, the objective of this study was to estimate the prevalence and risk factors of MAFLD using new definition in the community population of South China.
Methods
Study population
This cross-sectional study participants were recruited from a community population who visited the Community Healthcare Center of Chashan Town in Dongguan, Guangdong province, which is one of the investigation points of South China Cohort project (SCC), from March 2018 to September 2019. Participants were informed of fasting 10 h before attending to the investigation site. A total of 5430 adults aged 30–79 years old with comprehensive anthropometric measurements, clinical examinations, abdominal ultrasound and questionnaire were included in the study. 53 subjects were excluded from the study, among them 41 subjects who lack data to define MAFLD, 4 subjects with history of liver cirrhosis, hepatectomy, schistosomal liver and liver cancer, and 8 subjects were excluded due to the extreme outlier of waist circumference (WC) and body mass index (BMI) according to three times standard deviation. Finally, 5377 participants with complete physical examination and laboratory test data were included in the final analysis (Additional file 1: Fig. S1).
All subjects of this study have signed informed consent and the study protocol was approved by the Ethics Committee of School of Public Health, Sun Yat-Sen University.
Assessment of risk factors
Demographic characteristics, medical history, medication use and lifestyles were obtained by trained staff using a standard questionnaire. Current smoking was defined as consumption more than one cigarette per day over the past six months. Drinking was defined as drinking more than once per week over the past 1 year. Physical activity levels were assessed using the International Physical Activity Questionnaire Short Form (IPAQ-SF), and physical activity metabolic equivalents were calculated (MET-minutes per week). Long-boiled soups, the special diet habits of Guangdong, were asked as follows, “During the past 12 months, how often did you eat any long-boiled soups (never/occasionally, less than weekly, 1–2 per week, 3–4 per week, 5–6 per week, or daily)?”. Anthropometric parameters, including blood pressure, height, weight and WC, were measured using standardized procedures by trained examiners. Abdominal ultrasonography was performed and evaluated by experienced sonographer (Aplio400, TOSHIBA, Japan). Blood pressure (BP) was measured on the right upper arm in the sitting position after 10–15 min of rest using a validated digital automatic analyzer (Omron HEM-7136). Pulse pressure was calculated by subtracting the diastolic from the systolic blood pressure and used as a marker of arterial stiffness. Venous blood samples of all participants were collected after at least 10 h of fasting and were immediately processed and analyzed at the clinical laboratory of the Community Healthcare Center of Chashan Town (Dongguan) and performed with an automated analyzer (Mindray BS800M; Mindray, Shenzhen, China). Hypertension was defined as systolic blood pressure (SBP) ≥ 140 mmHg, diastolic blood pressure (DBP) ≥ 90 mmHg, or current use of antihypertensive medication [14].
Diagnosis of MAFLD
The diagnosis of MAFLD was based on the ultrasonically diagnosed hepatic steatosis and the presence of one of the following three criteria [5]: overweight/obesity (defined as BMI ≥ 23 kg/m2), T2DM, or metabolic dysregulation. T2DM was defined based on self-reported history of diabetes determined previously by a healthcare professional, or fasting plasma glucose (FPG) ≥ 126 mg/dL (7.0 mmol/L). Metabolic dysregulation was defined by the presence of at least two of the following metabolic risk abnormalities: (a) WC ≥ 90/80 cm in men and women;  (b) blood pressure ≥ 130/85 mmHg or specific drug treatment; (c) plasma triglycerides (TG) ≥ 1.70 mmol/L or specific drug treatment; (d) plasma HDL-cholesterol (HDL-C) < 1.0 mmol/L for men and < 1.3 mmol/L for women or specific drug treatment; (e) prediabetes (FPG levels 5.6 to 6.9 mmol/L). The detailed diagnosis was also presented in Additional file 1: Table S1.
Statistical analysis
Characteristics of the study participants were explored according to the presence of MAFLD. Normally distributed continuous variables are reported as means ± SDs, and skewed variables are presented as medians (Interquartile ranges, IQR). Categorical variables are presented as a number (%). Independent-samples Student t test for normally distributed variables and Mann–Whitney U test for variables with highly skewed distributions. χ2 test was used to compare categorical variables. The Univariate logistic regression models with a cubic natural spline analysis were used to test the potential relationship between continuous variables and the odds ratios (ORs) of MAFLD. To evaluate the association of MAFLD across categories of risk factors, we divided the variables with statistical significance into category variables according to the clinical cut-off or the inflection point found by the cubic natural spline analysis. Among them, high physical activity was defined as physical activity metabolic equivalents in the highest quartile (physical activity metabolic equivalents ≥ 3465, MET-min/week). Logistic regression models ascertained the risk factors associated with MAFLD, including age, sex, education level, income, hypertension, diabetes, overweight, central obesity, metabolic dysregulation, antihypertensive, hypoglycemic drugs, lipid-lowering drugs, hypertriglyceridemia, HDL-C abnormality, ALT abnormality, hyperuricemia, physical activity metabolic equivalents and the frequency of long-boiled soups. These variables were mutually adjusted in the model.
All p values were two-tailed, and values of p < 0.05 were considered statistically significant. We used R version 4.04 (The R Foundation for Statistical Computing, Vienna, Austria) and SPSS 22.0 (IBM, Armonk, NY, USA) for data analysis.
Results
Baseline characteristics of participants with MAFLD in general participants
A total of 5377 participants recruited from Guangdong province, one of the investigation points of SCC (Additional file 1: Fig. S1). The median age of all the participants was 67 years (interquartile range: 60 to 71 years), with 2173 (40.4%) participants were men, and a mean BMI of 24.31 ± 3.52 kg/m2. T2DM and hypertension were identified in 830 (15.4%) and 3136 (58.3%) participants, respectively. MAFLD was diagnosed in 1571/5377 (29.2%) participants (Table 1). Compared to participants without MAFLD, patients with MAFLD were older, had a higher prevalence of overweight/obesity, central obesity, T2DM, hypertension and metabolic dysregulation, as well as a higher level of uric acid (UA) and higher proportion of drug usage. In addition, the frequency of soups and level of physical activity were significantly different between participants with or without MAFLD and a lower physical activity was found in patients with MAFLD (Table 1).Table 1Characteristics of participants according to the presence of MAFLD


	Variables
	Total (n = 5377)
	Non-MAFLD (n = 3806)
	MAFLD (n = 1571)
	p value

	Demographic variables

	Men (%)
	2173 (40.4)
	1618 (42.5)
	555 (35.3)
	< 0.001

	Age (years)
	67 (60–71)
	67 (57–71)
	67 (63–71)
	< 0.001

	Married (%)
	4744 (88.4)
	3363 (88.5)
	1381 (88.2)
	0.825

	High school and above (%)
	963 (17.9)
	654 (17.2)
	309 (19.7)
	0.033

	High-income (%)
	2831 (53.5)
	1931 (51.5)
	900 (58.5)
	< 0.001

	Chronic disease

	Hypertension (%)
	3136 (58.3)
	2022 (53.1)
	1114 (70.9)
	< 0.001

	T2DM (%)
	830 (15.4)
	438 (11.5)
	392 (25.0)
	< 0.001

	Metabolic dysregulation (%)
	1888 (35.2)
	913 (24.1)
	975 (62.2)
	< 0.001

	Overweight/obesity (%)
	3419 (63.7)
	2000 (52.7)
	1419 (90.5)
	< 0.001

	Central obesity (%)
	3001 (56.0)
	1694 (44.6)
	1307 (83.4)
	< 0.001

	Drugs

	Antihypertensive (%)
	1771 (33.1)
	1060 (28.0)
	711 (45.6)
	< 0.001

	Hypoglycemic drugs (%)
	628 (11.8)
	335 (8.9)
	293 (18.8)
	< 0.001

	Lipid-lowering drugs (%)
	152 (2.8)
	96 (2.5)
	56 (3.6)
	0.042

	Physical index

	BMI (kg/m2)
	24.31 ± 3.52
	23.3 ± 3.12
	26.75 ± 3.22
	< 0.001

	WC (cm)
	85.48 ± 9.54
	82.98 ± 8.87
	91.53 ± 8.32
	< 0.001

	SBP (mmHg)
	136.77 ± 19.50
	135.10 ± 19.61
	140.80 ± 18.65
	< 0.001

	DBP (mmHg)
	81.52 ± 10.84
	80.90 ± 10.89
	83.01 ± 10.58
	< 0.001

	Pulse pressure (mmHg)
	55.25 ± 15.36
	54.20 ± 15.15
	57.79 ± 15.58
	< 0.001

	MAP (mmHg)
	99.94 ± 12.36
	98.97 ± 12.5
	102.28 ± 11.69
	< 0.001

	Clinical index
	 	 	 	< 0.001

	FPG (mmol/L)
	4.95 (4.55–5.52)
	4.85 (4.48–5.33)
	5.27 (4.77–6.03)
	< 0.001

	ALT (IU/L)
	20 (16–27)
	19 (15–25)
	23 (18–32)
	< 0.001

	AST (IU/L)
	22 (18–26)
	21 (18–25)
	22 (19–27)
	< 0.001

	TG (mmol/L)
	1.34 (0.96–1.95)
	1.20 (0.88–1.69)
	1.80 (1.29–2.53)
	< 0.001

	TC (mmol/L)
	5.23 ± 1.07
	5.2 ± 1.07
	5.31 ± 1.07
	< 0.001

	HDL-C (mmol/L)
	1.36 ± 0.34
	1.4 ± 0.36
	1.25 ± 0.27
	< 0.001

	LDL-C (mmol/L)
	3.21 ± 0.91
	3.19 ± 0.91
	3.27 ± 0.92
	0.003

	UA (μmol/L)
	364.68 ± 98.07
	353.02 ± 95.35
	392.92 ± 98.86
	< 0.001

	Lifestyle

	Current smoking (%)
	724 (13.5)
	584 (15.3)
	140 (8.9)
	< 0.001

	Drinking (%)
	267 (5.0)
	182 (4.8)
	85 (5.4)
	0.366

	Physical activity (MET-min/week)
	1779 (1386–3465)
	2076 (1386–3906)
	1386 (1386–3066)
	< 0.001

	Frequency of soups (%)
	 	 	 	< 0.001

	 < 1 per month
	894 (16.8)
	580 (15.4)
	314 (20.2)
	 
	 < 1 per week
	166 (3.1)
	113 (3.0)
	53 (3.4)
	 
	 1–2 per week
	712 (13.4)
	495 (13.1)
	217 (14.0)
	 
	 3–4 per week
	2083 (39.1)
	1588 (42.0)
	495 (31.9)
	 
	 5–6 per week
	730 (13.7)
	530 (14.0)
	200 (12.9)
	 
	 Daily
	745 (14.0)
	471 (12.5)
	274 (17.6)
	 

Values were means ± SD or medians in cases of continuous variables and numbers (percentages) in case of categorical data. For differences across the groups of calculated with χ2 test and analysis of variance for categorical and continuous data, respectively
MAFLD metabolic dysfunction-associated fatty liver disease, T2DM type 2 diabetes mellitus, FPG fasting plasma glucose, LDL low-density lipoprotein, TG triglyceride, BMI body mass index, BP blood pressure, MAP mean arterial pressure, TC total cholesterol, HDL high-density lipoprotein, ALT alanine aminotransferase, AST aspartate aminotransferase, SD standard deviation



Prevalence of MAFLD and stratification by age, sex, conditions and BMI
The prevalence of MAFLD was a significant difference between sex and the prevalence was higher in women than in men (31.7% vs. 25.5%, p < 0.001), the detailed differences between men and women were illustrated in Additional file 1: Table S2. The age-specific prevalence of MAFLD was shown in Fig. 1. For the total participants, the prevalence tended to rise with the increasing age, with a peak prevalence of 33.7% in the 60–69 age range. For women, the prevalence of MAFLD rose with age (p < 0.05), while there was no difference between different ages in men (p > 0.05). Besides, the proportion of patients who meet two or three conditions for MAFLD diagnosis was higher in women than in men (p < 0.05). Among patients with MAFLD, the prevalence of overweight was 90.5%, which is the highest among all the three conditions for MAFLD diagnosis, while T2DM and metabolic dysregulation were 25.0% and 62.2%, respectively. Consistently, women had a higher proportion of metabolic dysregulation than men.[image: ../images/12986_2021_611_Fig1_HTML.png]
Fig. 1The prevalence of MAFLD according to age, sex, conditions and BMI. A The prevalence of MAFLD according to different age and gender. B The proportion of meeting one condition, two conditions or three conditions for MAFLD diagnosis according to gender. C The prevalence of each condition for diagnosis of MAFLD in participants with MALFD. D The prevalence of MAFLD  according to different BMI levels


Relationship between risk factors and MAFLD
To test the potential relationship between continuous variables and the ORs of MAFLD, the univariate logistic regression models with a cubic natural spline analysis were performed. In all the participants, age, BMI, WC, SBP, DBP, TG, ALT, FPG and UA were found to be positively associated with ORs of MALFD, and there was a negative association of HDL and high level of physical activity with ORs of MALFD. The trend in women was consistent with the whole participants, while the age in men was not correlated with OR of MALFD (Additional file 1: Fig. S2). Most notably, there was a U-shaped relationship between frequency of soups and OR of MAFLD, with both lower (< 1 per week) and higher (≥ 3 per week) frequency of soups associated with higher ORs of MAFLD (Additional file 1: Fig. S2).
We further divided the continuous variables with statistical significance into category variables based on the clinical cut-off or the inflection point found by the cubic natural spline analysis to evaluate the association of MAFLD across categories of risk factors. The categories and the prevalence rates (%) 95% CI were presented in the Table 2, which showed significant differences of prevalence of MAFLD between groups. Multivariable logistic regression model adjustment for all the variables in Table 2 and results showed that age over 50 years old, high school and above, high family income, presence of T2DM, hypertension, overweight/obesity, central obesity, hypertriglyceridemia, ALT abnormal and hyperuricemia were risk factors of MAFLD, even after adjusting for confounding factors. While lipid-lowering drugs and high level of physical activity were protective factors of MAFLD. It is noteworthy that the U-shaped association of frequency of soups and ORs of MAFLD remained significant even after adjusted confounding factors, the adjusted ORs 95%CI of lower and higher frequency of soups were 1.58 (1.32–1.89) and 1.36 (1.13–1.63), respectively (Fig. 2).Table 2The prevalence of MAFLD in different subgroups


	Variable
	Category
	Fraction
	Prevalence rates (95% CI)
	p value

	Age (years)
	< 50
	145/731
	19.8 (17.0–22.9)
	< 0.001

	≥ 50
	1426/4646
	30.7 (29.4–32.0)
	 
	Sex
	Male
	555/2173
	25.5 (23.7–27.4)
	< 0.001

	Female
	1016/3204
	31.7 (30.1–33.3)
	 
	High school and above
	No
	1259/4407
	28.6 (27.2–29.9)
	0.030

	Yes
	309/963
	32.1 (29.1–35.1)
	 
	High-income
	No
	638/2460
	25.9 (24.2–27.7)
	< 0.001

	Yes
	900/2831
	31.8 (30.1–33.5)
	 
	Menopause
	No
	83/514
	16.1 (13.1–19.6)
	< 0.001

	Yes
	932/2689
	34.7 (32.9–36.5)
	 
	Hypertension
	No
	457/2241
	20.4 (18.7–22.1)
	< 0.001

	Yes
	1114/3136
	35.5 (33.8–37.2)
	 
	T2DM
	No
	1179/4547
	25.9 (24.7–27.2)
	< 0.001

	Yes
	392/830
	47.2 (43.8–50.7)
	 
	Metabolic dysregulation
	No
	592/3475
	17.0 (15.8–18.3)
	< 0.001

	Yes
	975/1888
	51.6 (49.4–53.9)
	 
	Overweight/obesity
	No
	149/1945
	7.7 (6.5–8.9)
	< 0.001

	Yes
	1419/3419
	41.5 (39.8–43.2)
	 
	Central obesity
	No
	260/2362
	11.0 (9.7–12.3)
	< 0.001

	Yes
	1307/3001
	43.6 (41.8–45.3)
	 
	ALT abnormality
	No
	1406/5063
	27.8 (26.5–29.0)
	< 0.001

	Yes
	151/264
	57.2 (51.0–63.2)
	 
	Hypertriglyceridemia
	No
	690/3463
	19.9 (18.6–21.3)
	< 0.001

	Yes
	867/1864
	46.5 (44.2–48.8)
	 
	HDL-C abnormality
	No
	824/3542
	23.3 (21.9–24.7)
	< 0.001

	Yes
	733/1785
	41.1 (38.8–43.4)
	 
	Hyperuricemia
	No
	738/3349
	22.0 (20.6–23.5)
	< 0.001

	Yes
	819/1978
	41.4 (39.2–43.6)
	 
	High physical activity
	No
	1178/3878
	30.4 (28.9–31.9)
	0.002

	Yes
	386/1484
	26.0 (23.8–28.3)
	 
	Frequency of soups
	< 1 per week
	584/1772
	33.0 (30.8–35.2)
	< 0.001

	≥ 3 per week
	474/1475
	32.1 (29.8–34.6)
	 

MAFLD metabolic dysfunction-associated fatty liver disease, T2DM type 2 diabetes mellitus, HDL-C high-density lipoprotein cholesterol, ALT alanine aminotransferase, AST aspartate aminotransferase


[image: ../images/12986_2021_611_Fig2_HTML.png]
Fig. 2Multivariable logistic regression explored the risk factors of MAFLD. A All participants; B Men; C Women. Multivariable logistic regression adjustment for sex, age, hypertension, T2DM, overweight, central obesity, metabolic dysregulation, antihypertensive, hypoglycemic drugs, lipid-lowering drugs, hypertriglyceridemia, HDL-C abnormal, ALT abnormal, hyperuricemia, high level of physical activity and frequency of soups. ORs odds ratio, PAE physical activity equivalent


Joint association between frequency of soups and physical activity equivalent
Moreover, interaction analysis showed that an interaction between level of physical activity and frequency of soups (p < 0.05). We further used joint analysis to explore the influence of lifestyle (physical activity and frequency of soups) in MAFLD (Fig. 3). Participants were cross-classified on the basis of level of physical activity and frequency of soups. 20.3% participants with high level of physical activity and consumption of soups for 1–2 per week were diagnosed with MAFLD, which is the lowest prevalence in all the groups. We then used participants with high level of physical activity and frequency of soups 1–2 per week group as reference, multivariable-adjusted logistic regression showed that participants with lower frequency of soups had higher ORs of MAFLD, regardless of level of physical activity level. Participants with a low level of physical activity and higher frequency of soups also had a significant association with ORs of MAFLD, while there was no relationship between high level of physical activity and high frequency of soups group (p < 0.05).[image: ../images/12986_2021_611_Fig3_HTML.png]
Fig. 3Multivariable-adjusted ORs for MAFLD for joint association between frequency of soups and level of physical activity. The multivariable logistic regression model was adjusted for sex, age, hypertension, T2DM, overweight, central obesity, metabolic dysregulation, antihypertensive, hypoglycemic drugs, lipid-lowering drugs, hypertriglyceridemia, HDL-C abnormal, ALT abnormal, hyperuricemia, high level of physical activity and frequency of soups. The p for interaction is < 0.001. *p value < 0.05. ORs odds ratio, PAE physical activity equivalent


Sensitivity analyses
We also performed sensitivity analyses in this study. In sensitivity analysis, we examined the effect of age and sex on the robustness association between risk factors and MAFLD. All the significant associations from the sensitivity analysis were consistent with the primary analyses, except the Lipid-lowering drugs (Additional file 1: Table S3).
Discussion
In this cross-sectional study, the prevalence and risk factors for MAFLD were explored, and significant differences in the prevalence of MAFLD among groups based on sex, age, BMI, and life style were revealed. To our knowledge, this study is the first to explore the prevalence and risk factors of MAFLD in the community population of South China since the new definition of MAFLD was established.
Our study found that the overall prevalence of MAFLD was 29.2% and the prevalence rose with age, which was consistently with the prevalence of 31.38% found in the rural population of Xinxiang, Henan province [9], but higher than the prevalence reported by the study conducted in a health examination population [10]. In addition, previous studies reported a higher prevalence of MAFLD in men than in women, while our study showed an opposite result. Possible reasons for the inconsistent results might be due to different age of study population. The median age of our study population was 67 years old, which was older than previous studies. More aged means a higher proportion of postmenopausal, while menopause was a risk factor for MAFLD. This was also supported by our study which found that female participants over 50 years old, the OR of MAFLD was 1.74-times higher than that of under 50 years old.
Overweight and obesity play a crucial role in the development of FLD [4, 15, 16]. Individuals with obesity show characteristic imbalance of metabolic profile which is associated with profound changes in insulin sensitivity, inflammatory reaction and other biochemical metabolites alterations, making an individual more potential to metabolic disorders [17]. In fact, previous studies had reported that FLD exhibits a high degree of comorbidity with disorders of the metabolic syndrome and they share the same pathogenic mechanisms of disease [18]. In our study, we also found that the prevalence of MAFLD increased with the increase of BMI and overweight/obesity accounts for 90.5% of MAFLD. Multivariable logistic regression revealed participants with overweight/obesity had 4.67-times ORs of MAFLD than lean participants, indicating a main influence of overweight/obesity in MAFLD. While for those non-obese participants with MAFLD, diagnosis by the presence of other metabolic abnormalities, including lipids and glucose levels, the mechanisms need to be examined in more future studies.
Changing lifestyles have contributed to the obesity and FLD epidemic [6, 19, 20]. Physical activity has been well-recognized to reduce the incidence and mortality of various chronic diseases, including cardiovascular disease, diabetes, stroke and several types of cancer [21–23]. Previous studies had reported an inverse linear association between physical activity and the prevalence of NAFLD [24–26]. Whether the association between physical activity and the new definition of MAFLD was the same as previous studies remained unclear. In this study, we observed that participants with MAFLD had a lower level of physical activity and multivariable logistic regression revealed that a higher level of physical activity was associated with a lower OR of MAFLD, which OR of MAFLD was 29% lower among subjects with higher level of physical activity. This finding was consistent with earlier studies. For the relationship between diet and MAFLD, we explored the frequency of long-boiled soups, which is the special diet habits of Guangdong, South China. Previous long-term studies have found a beneficial effect of soup consumption on body weight [27] or metabolic profiles [28, 29], which possibly by delaying gastric emptying and increasing glycemic response, thus reducing appetite or energy intake [30–32]. Our study also found that consumption of soups was associated with MAFLD, logistic regression models with a cubic natural spline analysis showed that there was a U-shaped association of frequency of soups and ORs of MAFLD even after adjustment for confounding factors, with both lower (< 1 per week) and higher (≥ 3 per week) frequency of soups associated with higher ORs of MAFLD. Our study was consistent with a previous study and further proved the relationship between soups and MAFLD. Nevertheless, the exact molecular mechanisms driving this phenomenon need to be examined in future studies.
There were several limitations to our study. Firstly, this was a cross-sectional study, which does not allow for establishing the temporality and causality of the observed associations, as well as the influence of lifestyle change on MAFLD. Secondly, we do not detect the level of insulin resistance and C-reactive protein, which are the components of metabolic disorders for the definition of MAFLD. However, as all the participants diagnosis of hepatic steatosis were included in the MAFLD group based on the new definition of MAFLD, the overall prevalence of MAFLD was not affected. Finally, as our participants were all recruited from South China, our findings might not be necessarily generalizable to populations from other regions, which should be studied in the future.
Conclusion
In conclusion, this study showed a high prevalence of MAFLD in the South China population. The prevalence of MAFLD in the study population was 29.2%. Among all the risk factors, obesity had the greatest impact on MAFLD, while physical activity and moderate consumption of soups might be the potential protective factors of MAFLD.
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