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Context: Metrnl is a novel adipokine mainly produced by white adipose tissue, which plays important roles in insulin sensitization, 
and energy homeostasis. However, information about the function of Metrnl in Metabolic dysfunction-associated fatty liver disease 
(MAFLD) remains unclear.
Methods: This is a control study, which enrolled 176 adults with MAFLD and 176 normal controls. They were matched in body mass 
index (BMI), age, and sex. Serum Metrnl was determined by ELISA. Other biochemical data were also collected.
Results: Compared to the controls, circulating Metrnl was prominently decreased in the MAFLD adults (P<0.001). Next, binary 
logistic regression model indicated that sex, waist circumference (WC), triglyceride, γ-gamma glutamyl transferase(γ-GGT), and 
Metrnl was independently associated with MAFLD. Further, as Metrnl levels elevated across its tertiles, the rate of MAFLD decreased 
(67.52, 66.95, and 15.38%; P value for trend<0.001). Data from multivariate logistic regression models evidenced that compared with 
the lowest tertile of Metrnl, the odds ratio of MAFLD was 0.023(95% CI 0.006–0.086, P<0.001) for the highest tertile after adjusting 
for potential confounders. Besides, area under ROC curve of Metrnl for diagnosis MAFLD was 0.755(95% CI 0.705–0.805). Metrnl 
was positively correlated with diastolic blood pressure, WC, BMI, systolic blood pressure, γ-GGT, and Creatinine in MAFLD. Finally, 
we found systolic blood pressure and Creatinine were independently related to serum Metrnl in MAFLD.
Conclusion: Serum Metrnl is reduced in adult with MAFLD. The results suggest that Metrnl may be a protective factor associated 
with the pathogenesis of MAFLD.
Keywords: metabolic dysfunction-associated fatty liver disease, metrnl, adipokine, adipose tissue

Introduction
Nowadays, non-alcoholic fatty liver disease (NAFLD) has become the most popular chronic liver disease worldwide.1 

Owing to its high prevalence, NAFLD becomes the leading cause of liver-related mortality in several countries.2 NAFLD 
varies from the more benign situation of non-alcoholic fatty liver (NAFL) to non-alcoholic steatohepatitis (NASH), and 
may progress to fibrosis and cirrhosis.3 Adults with NAFLD often have one or more components of the metabolic 
syndrome (MS) like diabetes, insulin resistance, or systemic hypertension. In 2020, an international expert group 
proposed the concept of metabolic dysfunction-associated fatty liver disease (MAFLD) to emphasize the contribution 
of cardiac metabolic risk factors to the development and progression of liver disease.4 Many inflammatory markers have 
been related with MAFLD, include hemogram derived inflammatory indices and uric acid based markers.5 According to 
a large amount of literature data, many doctors alleviate NAFLD by using natural products such as berberine and 
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resveratrol.6 Although valuable progress has been made, there are several obstacles to developing efficient treatment 
interventions. One of the most important challenges is to continue to rely on liver biopsy for MAFLD diagnosis. At 
present, there is no reliable biomarker that can accurately diagnose and stage MAFLD throughout the entire disease 
spectrum.

Adipokines secreted by adipose tissue play crucial effects in energy balance and glucose metabolism. Dysregulation 
of adipokines has been implicated in several inflammatory conditions, such as glucose intolerance, type 2 diabetes 
mellitus(T2DM), diabetic nephropathy, and heart conditions.7–9 Recent study found that adipokines including adiponec-
tin, adipsin, and visfatin were associated with the prevalence of MAFLD.10

Meteorin-like hormone (Metrnl), mainly expressed in white adipose tissue, is a protein homologous to the 
neurotrophic factor Metrn.11 Metrnl regulates white adipose browning, insulin sensitization, energy expenditure, 
lipid metabolism, inflammation, and neural development.12–14 Besides, Metrnl promotes muscle regeneration in 
skeletal muscle, glucose uptake, and fat oxidation.15 Consistent with Metrnl in improving insulin resistance at 
cellular and animal levels, several clinical studies accessed the relationship between circulating Metrnl and 
metabolic diseases. Dadmanesh, M. et al14 reported that serum Metrnl was reduced in patients with T2DM and 
coronary artery disease and negatively associated with inflammatory cytokines and insulin resistance. In thyroid 
autoimmune diseases, Gong et al16 found that Metrnl levels in Graves’ disease (GD) patients were significantly 
lower than those in normal controls. Recently, two independent team both found that Metrnl concentration 
decreased in Polycystic Ovary Syndrome (PCOS) and presented inverse correlation with insulin resistance.17,18 

However, information is not available regarding the role of Metrnl in NAFLD/MAFLD. Only Du et al19 reported 
that Metrnl overexpression can effectively ameliorate fulminant hepatitis in mice. Considering the role of Metrnl 
in inflammation and metabolic disorders, we tried to assess the clinical relevance of Metrnl in patients with 
MAFLD.

Materials and Methods
Subjects and Study Design
This is a case-control study. The study included 176 patients with MAFLD and 176 healthy adults. These patients 
with MAFLD were screened from the physical examination Center of Binzhou Medical University Hospital from 
August 2021 to December 2022. According to the design, MAFLD patients and healthy volunteers were matched 
in age and sex. Ultrasound imaging technology was used for liver steatosis diagnosis. The typical ultrasound 
features of fatty liver include the presence of echogenic differences between the kidney and liver, posterior 
attenuation of the ultrasound beam with or without, blurred blood vessels, and difficulty in displaying the 
diaphragm or gallbladder wall. According to the diagnostic criteria for the Asian population in the 2020 interna-
tional expert consensus,4 the diagnostic standard of MAFLD is one of the following three conditions based on 
liver steatosis, namely overweight/obesity, T2DM or metabolic dysfunction. Metabolic dysfunction is defined as 
having at least two metabolic risk abnormalities: (1) Plasma triglyceride (TG) ≥1.70 mmol/L or current use of 
lipid-lowering drugs; (2) Blood pressure ≥130/85 mmHg, or currently using antihypertensive drugs; (3) High- 
density lipoprotein cholesterol (HDL-C): female <1.3 mmol/L, male <1.0 mmol/L, or currently using lipid- 
lowering drugs; (4) Blood glucose 7.8~11.0 mmol/L or fasting glucose (FG) 5.6~6.9 mmol/L or HbA1c 
5.7%~6.4%.

All human rights were observed in accordance with the Declaration of Helsinki. This work was approved by the 
Ethics Committee of Binzhou Medical University Hospital. Everyone signed an informed consent form about the study.

Anthropometric Data Collection
The anthropometric data includes hip circumference (HC), waist circumference (WC), height, weight, and blood pressure 
were collected by professional nurses. Body mass index (BMI) =weight (kg)/height (m2). Before measuring blood 
pressure, each person should rest for no less than 10 minutes. Via an electronic sphygmomanometer (OMRON, Japan) 
blood pressure was measured two times. Then the average of two values was calculated.
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Biochemical Measurements
Fasting blood samples were taken and separated through centrifuge. Fasting glucose (FG), serum lipid profile, alanine 
aminotransferase (ALT), γ-gamma glutamyl transferase (γ-GGT), and aspartate aminotransferase (AST) were measured 
using the AU680 automatic biochemical analyzer (Beckman Coulter, USA). The remaining serum samples were stored at 
−80°C until Metrnl measurement.

Measurements of Metrnl
Serum Metrnl was detected by human ELISA kit (Catalog Number: DY7867-05; R&D systems, USA). Measurements 
were made in accordance with the manufacturer’s instructions.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 9 Software (GraphPad Software, Inc., USA) and SPSS version 
26 (IBM, USA). Data for normal distributions as mean ± SD and Data for skew distributions were expressed as median 
(IQR, 25th-75th). Chi-square test was used to compare the enumeration data. Kruskal–Wallis test or one-way ANOVA 
were used for multiple tests between groups. Multiple stepwise regression analysis was used to identify the independent 
factors associated with Metrnl. All subjects were stratified according to Metrnl tertiles (T1: <233.65pg/mL; T2: 233.65– 
346.24 pg/mL; T3: ≥346.24pg/mL, and then the association between Metrnl and MAFLD prevalence was assessed using 
trend Chi-square test. To control for potential confounding factors that may be risk factors for MAFLD, odds ratios (OR) 
and 95% confidence intervals (CI) for MAFLD were calculated using multivariate logistic regression models. ROC curve 
was used to verify the detection effect of Metrnl level on MAFLD. P value <0.05 (two side) was considered statistically 
significant.

Results
General Characteristics of the Subjects
All subjects’ clinical parameters are shown in Table 1. There is no notable difference between MAFLD group and normal 
group in sex, age, uric acid, creatinine, LDL-C, and White blood cell. As expected, BMI, WC, HC, diastolic blood 
pressure (DBP), systolic blood pressure (SBP), fasting glucose, TG, TC, ALT, AST, γ-GGT of MAFLD group are 
significantly higher than those in control group, while HDL-C and Metrnl are significantly lower (P<0.001).

Serum Metrnl
As presented in Figure 1, serum Metrnl is significantly decreased in the MAFLD group compared to the controls [379.06 
(248.81−504.70) vs 240.40(176.28−305.75) pg/mL, median (25th−75th), P<0.001]. Interestingly, there is a significant 
gender difference in serum Metrnl. Both in the MAFLD group and the normal group, serum Metrnl is significantly higher 
in female (Figure 2).

Correlations Between Serum Metrnl and Clinical Parameters
As listed in Table 2, Pearson correlation analysis indicates that the levels of serum Metrnl is positively correlated with 
SBP(r=−0.169, P=0.036), DBP(r=−0.215, P=0.008), γ-GGT(r=−0.162, P=0.032), Creatinine(r=−0.284, P<0.001). In the 
stepwise linear regression model, when adjusting for covariates of Metrnl in the Pearson correlation analysis, DBP and γ- 
GGT are finally excluded from the model. SBP and Creatinine are independently related to Metrnl in MAFLD (P=0.027, 
P=0.008, respectively).

Serum Metrnl and MAFLD
To access the risk factors associated with MAFLD, further we constructed binary logistic regression model. In the 
univariate models, enhanced Sex, WC, DBP, Fasting glucose, Creatinine, γ-GGT, Metrnl, and reduced Creatinine Metrnl 
levels are proved to be related to higher incidence of MAFLD. Interestingly, only Sex, WC, TG, γ-GGT and Metrnl are 
independently correlated to higher MAFLD risk in the multivariate model (Table 3).
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Next, according to Metrnl tertiles (T1: <233.65pg/mL; T2: 233.65–346.24pg/mL; T3: ≥346.24pg/mL), all the 
participants were stratified into trisection. The clinical parameters are shown in Table 4. Variables including Sex, 
BMI, WC, percentage of MAFLD, SBP, DBP, FG, TG, TC, Uric acid, ALT, AST, γ-GGT, and Creatinine present 

Table 1 General Clinical and Laboratory Parameter in Participants with and without MAFLD

Variable Controls MAFLD P

N 176 176
Sex(M/F) 88/88 88/88 1.000
#Age(years) 40(31−54) 44(35−56) 0.103
#BMI(kg/m2) 23(21−24) 26(24−28) <0.001
#WC(cm) 83(75−88) 93(88−99) <0.001

*HC (cm) 98.29±6.32 102.40±6.32 <0.001
#SBP (mmHg) 120(109−133) 132(121−142) <0.001
#DBP (mmHg) 77(72−87) 85(80−90) <0.001
#FBG(mmol/L) 4.96(4.60−5.33) 5.32(4.95−5.83) <0.001
#TG(mmol/L) 1.03(0.76−1.39) 1.07(1.21−2.14) <0.001

*TC (mmol/L) 4.76±0.83 5.17±0.98 <0.001
#UA(μmol/L) 332.40(271.45−377.87) 342.40(299.60−409.70) 0.006
#Creatinine(μmol/L) 68(57−81) 66(57−77) 0.126
#ALT(U/L) 15(12−20) 22(16−35) <0.001
#AST(U/L) 21(18−25) 23(20−28) <0.001
#γ-GGT(mmol/L) 18.50(14.30−24.07) 26.80(20.40−40.90) <0.001

*LDL-C(mmol/L) 2.94±0.63 3.30±0.74 0.231

*HDL-C(mmol/L) 1.36±0.25 1.24±0.27 <0.001
#WBC(×109/L) 5.90(5.10−7.00) 6.50(5.50−7.33) 0.007
#Metrnl(pg/mL) 379.06(248.81−504.70) 240.40(176.28−305.75) <0.001

Notes: *Data normally distributed are shown as mean ± SD. Independent Sample t test was performed. #Data with 
skewed distribution are shown as median (25th−75th). Mann–Whitney U-test was performed. 
Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG, Triglyceride; TC, Total cholesterol; UA, uric 
acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ-GGT, γ-gamma glutamyl transferase; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; WBC, white blood cell.

Figure 1 Serum Metrnl levels (median (IQR) marked) in MAFLD and control group. ** P<0.01.
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obvious discrepancy across the tertiles. In Figure 3, trend Chi-square test indicates that the percentage of MAFLD 
gradually increased, as Metrnl levels elevated across its tertiles (T1: 67.52%, T2: 66.95%, and T3: 15.38%; P value for 
trend<0.001).

In logistic regression model 1 (reference, T1), an OR of 0.087 (95% CI 0.046–0.165) in the 3rd tertile is observed for 
MAFLD prevalence(P for trend<0.001) (Table 5). In model 2, when further controlled BMI, WC, HC, age, and sex, the 
OR was 0.022 (95% CI 0.007–0.069) for the 3rd tertile(P for trend<0.001). In model 3, even after adjusting for age, sex, 

Figure 2 Gender differences of serum Metrnl (median (IQR) marked) in MAFLD and control group. ** P<0.01.

Table 2 Correlation Between Serum Metrnl and Other Variables

Metrnl Univariate Correlations Multivariate Regression Analysis

r P Standardβ P

Age 0.010 0.900 − −
BMI −0.027 0.730 − −
WC −0.122 0.142 − −
SBP −0.169 0.036 −0.177 0.027
DBP −0.215 0.008 − −
FBG −0.024 0.750 − −
ALT −0.127 0.093 − −
AST 0.019 0.798 − −
γ-GGT −0.162 0.032
UA −0.138 0.071 − −
Creatinine −0.284 <0.001 −0.213 0.008
TG −0.004 0.961 − −
TC −0.140 0.066 − −
LDL-C −0.028 0.718 − −
HDL-C 0.079 0.302 − −
WBC −0.054 0.479 − −

Note: Data with statistical differences have been bolded. 
Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; FBG, fasting blood glucose; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; γ-GGT, γ-gamma glutamyl transferase; UA, uric acid; TG, Triglyceride; TC, Total 
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 
WBC, white blood cell.
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BMI, WC, HC, SBP, DBP and FBG, which could be confounders of Metrnl, the tendency persists with an OR of 0.030 
(95% CI 0.009–0.098) in the 3rd tertile(P for trend<0.001). Finally, after adjustment for age, sex, BMI, WC, HC, SBP, 
DBP, FBG, TC, TG, HDL, LDL, γ-GGT, AST, ALT, Creatinine, UA, and WBC, the tendency still persists (P for 
trend<0.001).

As illustrated in Figure 4, ROC curve of Metrnl values for MAFLD diagnosis has been constructed. Area under the 
curve (AUC) is 0.755(95% CI 0.7047–0.8054), P<0.001.

Discussion
The current study firstly observed that circulating Metrnl decreased in patients with MAFLD when compared to that in 
controls. After adjusting multiple confounding factors, the incidence of MAFLD gradually decreases following increas-
ing Metrnl concentration. Our data suggest that Metrnl may be a protective factor associated with the pathogenesis of 
MAFLD.

The development of MAFLD is closely related to systemic metabolic disorders.20 Adipokines play a central role in 
the occurrence of MAFLD by triggering metabolic regulation, inducing pleiotropic effects, and chronic low-grade 
inflammation.21 For instance, a correlation has been found between increased circulating leptin levels and MAFLD 
severity. Although leptin is an anti-lipotropic hormone that prevents the accumulation of liver lipids and promotes their 
mobilization, leptin resistance may result in leptin’s inability to relieve hepatic steatosis.22 In addition, high leptin plasma 
levels from obese adipose tissue are associated with fibrosis mechanisms and liver inflammation.22 On the contrary, 
adiponectin has been reported to protect the liver from fibrosis, and inflammation steatosis.23 Most importantly in 
bariatric surgery there is a complete rearrangement of adipokines and gut hormones. For example, after short-term (<3 
months) fasting after weight loss surgery such as Roux-en-Y gastric bypass, the levels of serum ghrelin, Glucagon-like 
peptide-1, Insulin, and Leptin are decreased.24 Therefore, modulation of adipokine levels may be potential therapeutic 
targets for MAFLD. Antagonists, monoclonal humanized antibodies against adipokines receptors, and MicroRNAs 

Table 3 Independent Factors Associated with MAFLD in Binary Logistic Regression Models

Variables Univariate Multivariate

P β±SE Wald OR (95% CI) P

Sex 0.010 2.318±0.662 12.268 10.156(2.766–37.158) <0.001
Age 0.125
BMI 0.166

WC 0.006 0.114±0.028 16.588 1.121(1.061–1.184) <0.001
SBP 0.166
DBP 0.044 0.013±0.021 0.409 1.013(0.973–1.056) 0.523

FBG 0.017 0.330±0230 2.057 1.391(0.886–2.183) 0.152

TG 0.085 0.808±0.291 7.718 2.244 (1.269–3.969) 0.005
TC 0.236

LDL-C 0.105

HDL-C 0.277
Creatinine 0.046 −0.031±0.017 3.132 0.097(0.937–1.003) 0.077

UC 0.219

WBC 0.759
ALT 0.707

AST 0.400

γ-GGT 0.008 0.058±0.017 12.317 1.060(1.026–1.095) <0.001
Metrnl <0.001 −0.010±0.002 29.915 0.990(0.987–0.994) <0.001

Note: Data with statistical differences have been bolded. 
Abbreviations: β, Regression coefficient; SE, standard error; BMI, body mass index; WC, waist circumference; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG, Triglyceride; TC, Total cholesterol; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; WBC, white 
blood cell; ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ-GGT, γ-gamma glutamyl transferase.
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targeting specific adipokines are likely to be viable options.25 However, these methods may cross-react with endogenous 
adipokines, which limited their therapeutic effectiveness. Hence, the role of other novel adipokines in MAFLD is worth 
exploring.

Previous studies have suggested Metrnl have been implicated in glucose homeostasis, such as improving increasing 
energy expenditure, facilitating adipose tissue browning, and insulin sensitivity.13,26 To bridge the gap between bench 

Table 4 General Clinical and Laboratory Parameter of All Subjects According to Serum Metrnl

Variable T1 T2 T3 P

Serum Metrnl (pg/mL) <233.65 233.65–346.24 ≥346.24 −
N 117 118 117 −
Percentage of MAFLD (%) 67.52 66.95 15.38 <0.001

Sex(M/F) 99/18 58/60 12/105 <0.001
#Age(years) 40(32−55) 46(33−58) 41(32−51) 0.103
#BMI(kg/m2) 26(24−27) 25(23−27) 23(21−24) <0.001
#WC(cm) 91(86−98) 89(84−95) 82(74−88) <0.001
*HC (cm) 101.76±6.36 100.10±5.81 98.71±7.27 0.003
#SBP (mmHg) 131(120−142) 128(117−139) 114(106−133) <0.001
#DBP (mmHg) 84(78−90) 83(78−88) 75(71−85) <0.001
#FBG(mmol/L) 5.23(4.87−5.89) 5.25(4.88−5.59) 4.92(4.58−5.23) <0.001
#TG(mmol/L) 1.44(1.04−1.95) 1.50(1.08−2.06) 1.01(0.71−1.42) <0.001
*TC (mmol/L) 5.11±0.87 5.09±1.02 4.68±0.83 <0.001

*LDL-C(mmol/L) 3.17±0.67 3.24±0.79 2.94±0.63 0.003

*HDL-C(mmol/L) 1.27±0.29 1.27±0.28 1.35±0.25 0.027
#UC(μmol/L) 363.20(307.35−423.50) 342.00(298.70−395.80) 299.40(260.75−347.45) <0.001
#ALT(U/L) 22.60(17.40−33.68) 17.90(14.57−26.95) 15.20(10.90−20.40) <0.001
#AST(U/L) 23.10(20.10−27.80) 22.40(19.70−26.70) 20.50(18.00−24.60) <0.001
#γ-GGT(U/L) 26.50(20.15−38.05) 22.60(19.05−31.30) 15.90 (13.30−22.65) <0.001
#Creatinine(μmol/L) 77(65−83) 67(59−80) 59.30(51.90−68.10) <0.001
#WBC(×109/L) 6.50(5.45−7.35) 6.30(5.50−7.30) 5.60(4.90−6.80) 0.005

Notes: *Data normally distributed are shown as mean ± SD. One-way ANOVA test was performed. #Data with skewed distribution are shown as 
median (25th−75th). Kruskal–Wallis test was performed. 
Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, 
fasting blood glucose; TG, Triglyceride; TC, Total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, 
uric acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ-GGT, γ-gamma glutamyl transferase; WBC, white blood cell.

Figure 3 Prevalence of MAFLD according to serum Metrnl tertiles. T1–T3: 67.52%, 66.95%, and 15.38%. P<0.001.
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and bedside, clinical studies have been performed to explore the relationship between circulatory Metrnl and metabolic 
diseases. Andreas Schmid et al27 confirmed that systemic Metrnl is transiently upregulated during massive weight loss 
and gene expression in adipocytes is differentially regulated. Moradi, N et al shown that serum Metrnl decreased in obese 
children, especially in children with metabolic syndrome.28 Similarly, in adult, serum Metrnl is significantly reduced in 
Graves’ disease and PCOS than in healthy controls.16–18 Interestingly, there are contradictory data regarding circulating 
Metrnl in T2DM.29 Given the fact that Metrnl alleviates insulin resistance and inflammation, we tried to find the role of 
Metrnl in MAFLD. Findings from an Australian team indicate that hepatic Metrnl expression of obese patients decrease 
after bariatric surgery.30 Via the rigorous case-control study, we elucidate that serum Metrnl decreases in patients with 
MAFLD and negatively correlates with the prevalence of MAFLD, even after adjustment for common risk factors of 
MAFLD such as WC, FG, blood pressure, γ-GGT, etc. Our data suggest circulating Metrnl might be a protective factor of 
MAFLD.

NAFLD has a close causal relationship with CAD.31 The present study demonstrated that circulating Metrnl is 
inversely associated with SBP, DBP, and γ-GGT. In particular, SBP and Creatinine were the independent factors 
associated with Metrnl. Our data are consistent with the findings from a cross-sectional study in T2DM.32 Several 
studies have focused on the protective role of Metrnl in CAD.14,33,34 Recent study suggests Metrnl is a therapeutic target 
against endothelial dysfunction and atherosclerosis.35 Considering the association of atherosclerosis and blood 

Table 5 MAFLD Risk According to Metrnl Tertiles in Multinomial Logistic 
Regression Models

OR (95% CI)

T1(Reference) T2 T3 P for Trend

Model 1 1 0.794(0.565–1.680) 0.087(0.046–0.165) <0.001
Model 2 1 0.539(0.259–1.121) 0.022(0.007–0.069) <0.001

Model 3 1 0.592(0.270–1.296) 0.030(0.009–0.098) <0.001

Model 4 1 0.580(0.244–1.380) 0.023(0.006–0.086) <0.001

Notes: Model 1: crude; Model 2: adjusted for age, sex, BMI, WC, HC; Model 3: adjusted for age, sex, BMI, 
WC, HC, SBP, DBP, FBG. Model 4: adjusted for age, sex, BMI, WC, HC, SBP, DBP, FBG, TG, TC, HDL-C, 
LDL-C, γ-GGT, AST, ALT, Creatinine, UA, WBC.

Figure 4 ROC curves of Metrnl values for MAFLD diagnosis. AUC= 0.755 (95% CI 0.7047–0.8054), P<0.001.
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pressure,36 the inverse correlation between Metrnl and blood pressure can be well explained. Zhou et al37 reported that 
recombinant Metrnl administration or Metrnl-specific overexpression in the kidney relieves renal injuries in diabetic 
mice. Here we show serum Metrnl is inversely related to Creatinine, in line with previous result.32 Our data provide 
a basis for Metrnl to improve kidney disease from clinical data.

Obesity is an important trigger for chronic and low-grade inflammatory status and lipid accumulation directly or 
indirectly involved in the pathogenesis of NAFLD.38,39 Ding, X et al40 evidenced that lower circulating Metrnl 
concentrations are linked to obesity, and were independently associated with adverse lipid profile. However, Löffler 
et al41 argued that Metrnl was highly expressed in adipocytes of obese compared to lean children. Similarly, Li et al42 

discovered that Metrnl was enhanced in adipose tissue and circulation of obese mice. Contradictory to these findings, no 
significant correlation was found between serum Metrnl and obesity parameters in our work, which is consist with the 
results from Zheng and colleagues.43 Collectively, more rigorous experimental designs and larger sample sizes for 
clinical studies are needed to identify the correlation between circulating Metrnl and obesity parameters. Adipose tissue 
dysfunction and inflammatory response have a fundamental role during MAFLD development.44 As an inexpensive 
marker of inflammation used in clinical practice, white blood cell (WBC) serves as a significant predictor for NAFLD.45 

Although Metrnl has anti-inflammation effects, we failed to found the association between serum Metrnl and WBC.
Several adipokines such as adiponectin have sex discrepancy. Our data present a significant gender difference in 

serum Metrnl. Either in the MAFLD group or the normal controls, serum Metrnl was significantly higher in female. We 
speculate that sex hormones may affect serum Metrnl.

The alarming trend of MAFLD potentially contributes to the burden of non-communicable diseases, such as 
cardiovascular disease and become the major cause of chronic liver disease in children and adults. Therefore, it is 
necessary to conduct early screening for MAFLD patients with the highest risk of liver related complications and develop 
successful management strategies. In clinical practice, people are increasingly paying attention to the non-invasive 
diagnostic indicators of MAFLD. Adipokines have been identified as diagnostic biomarkers of MAFLD. However, ROC 
curve in our work indicates that serum Metrnl is not an ideal tool for predicting the incidence of MAFLD.

There are some advantages of our study. This is a rigorous case-control study, with gender and age matched. This 
study has a large sample size, which reduces the bias caused by grouping. Nevertheless, the current study limited 
conclusions about casualties and possible associations. Prospective cohort studies conducted through paired biopsies, 
long-term follow-up, and carefully matched controls can provide higher levels of evidence for the pathophysiological 
role of adipokines in MAFLD.

We thoroughly assessed the association between circulating Metrnl and MAFLD. In conclusion, serum Metrnl is 
decreased in MAFLD patients. Our results suggest that Metrnl might be a protective factor correlated with the 
development of MAFLD. The findings provide new clinical evidences into the mechanism of adipokines in the 
pathogenesis of MAFLD.
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