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Purpose: Fibrinogen-like protein (FGL)-1 is an original hepatokine with a critical role in developing hepatic steatosis. This study 
intends to examine the pre- and postoperative serum FGL-1 levels in bariatric patients and identify its relationship with other clinical 
indicators.
Patients and Methods: Ninety-two individuals (60 bariatric patients and 32 people with normal weight) were enrolled in this 
research between July 2018 and April 2021. All bariatric patients finished follow-up visits 6 months after laparoscopic sleeve 
gastrectomy (LSG). Clinical data, anthropometric parameters, biochemical variables, FibroScan, and serum FGL-1 levels were 
collected at baseline and 6 months after LSG.
Results: FGL-1 levels in patients with obesity (44.66±20.03 ng/mL) were higher than in individuals with normal weight (20.73±9.73 
ng/mL, p < 0.001). After LSG, FGL-1 levels were significantly decreased (27.53±11.45 ng/mL, p < 0.001). Besides, body mass index 
(BMI), liver enzyme levels, glucose metabolism, lipid metabolism, uric acid (UA), controlled attenuation parameter (CAP), and liver 
stiffness measurement (LSM) were significantly improved. After adjusting possible confounders, FGL-1 levels at baseline were 
negatively associated with changes in LSM levels; changes in FGL-1 levels showed positive correlations with changes in alanine 
aminotransferase (ALT), aspartate aminotransferase (AST) and UA levels at 6 months after surgery.
Conclusion: Serum FGL-1 levels were significantly decreased following LSG in patients with obesity. The preoperative serum FGL- 
1 levels could be a predictor of postoperative liver fibrosis improvement. Furthermore, the decreased FGL-1 levels were associated 
with improved liver enzymes and UA but not with bodyweight or glucolipid metabolism.
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Introduction
With the global incidence of obesity rising dramatically over the past 40 years, obesity has been a crucial growing 
concern.1 Obesity increases the risk of developing sleep apnea syndrome, hyperuricemia, non-alcoholic fatty liver 
(NAFLD), and type 2 diabetes mellitus (T2DM).2 All these conditions can be alleviated by losing weight.3 In long- 
term clinical trials, bariatric surgery is a valid weight-loss method for patients.4 Among different types of operations, one 
of the most widely used is the laparoscopic sleeve gastrectomy (LSG).5 LSG has been shown to reduce insulin resistance 
by reducing adipose tissue and obesity-related inflammation, as well as changes in gastrointestinal hormones and 
adipokines.6 In addition to altering adipokines, bariatric surgery also regulates myokines and hepatokines.7 It’s been 
shown that bariatric surgery alters many hepatokines, such as angiopoietin-like protein 6 (ANGPTL-6), selenoprotein 
P (SeP), fetuin-A, and fibroblast growth factor 21 (FGF-21).8–10
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Fibrinogen-like protein (FGL)-1 is a hepatokines secreted by the liver, which is otherwise known as hepassocin.11 

FGL-1 has a similar structure to angiopoietin-like factors (ANGPTLs), which modulate energy utilization and lipid 
metabolism.12 Also, FGL-1 regulates hepatocyte proliferation and liver regeneration, as well as involves in regulating 
lipid metabolism and the progression of several cancer types.13,14 Previous cross-sectional studies found serum FGL-1 
levels elevated in conditions including NAFLD, pre-diabetes, T2DM, gestational diabetes mellitus (GDM), and 
obesity.15–18 Furthermore, by increasing the extracellular phosphorylation of signal-regulated kinase 1/2 (ERK1/2), 
FGL-1 promotes hepatic lipogenesis, insulin resistance, and adipogenesis.15,18 In addition, FGL-1 has also been involved 
in the insulin resistance of skeletal muscle through EGFR/JNK-mediated pathway.19 Taken together, these studies suggest 
that FGL-1 is a valuable biomarker for metabolic dysregulation and obesity.

Despite this, research on the effects of LSG on FGL-1 levels has been limited. Therefore, this present study aims to 
determine FGL-1 levels in bariatric patients before and after LSG and further validate the relationship between serum 
FGL-1 levels and metabolic parameters.

Materials and Methods
Study Population
Between July 2018 and April 2021, ninety-two individuals (32 individuals with normal weight and 60 patients with 
obesity that underwent LSG) were enrolled at Shanghai Tenth People’s Hospital. The inclusion criteria of bariatric 
patients: 1) age 15–65 years, 2) BMI ≥ 35 kg/m2 or BMI ≥ 30 kg/m2 with at least 2 obesity-associated comorbidities.20 

The exclusion criteria of bariatric patients: 1) presence of endocrine diseases causing obesity (such as Cushing syndrome, 
primary hypothyroidism, primary hypogonadism, and hypothalamic diseases); 2) serum aspartate aminotransferase 
(AST) or alanine aminotransferase (ALT) levels were more than twofold the normal limit that was caused by chronic 
liver diseases such as virus hepatitis, autoimmune hepatitis, and alcoholic liver disease; 3) heart failure with left 
ventricular ejection fraction (LVEF) < 50%, cardiovascular diseases, cardiovascular instability, and myocardial infarction 
during the past 6 months; 4) serum creatinine (Cr) levels > 133 μmol/L and acute/chronic nephritis; 5) use of medications 
(such as metformin, glucagon-like peptide 1, sodium-glucose cotransporter-2 inhibitor, and orlistat) that affect body 
weight; 6) severe psychiatric diseases. During the same period, thirty-two age-matched healthy adults with normal weight 
(BMI range from 18.5 to 24) were recruited from the medical examination center. The exclusion criteria of normal 
weight individuals: 1) any chronic diseases (such as diabetes, dyslipidemia, and hypertension); 2) presence of malignant 
tumors, autoimmune diseases, and infectious diseases; 3) any medication use; 4) clinical or laboratory data missing. This 
study complies with the principles of the Declaration of Helsinki, and the Ethics Committee approved the research 
protocol of Shanghai Tenth People’s Hospital, and the clinical trial registration number is NCT04548232. Informed 
consent was obtained from all participants, and for patients under 18 years old, parental consent and participant assent 
were obtained.

Anthropometric and Biochemical Measurements
All patients with obesity had an integrated examination preoperatively and followed up at 6 months post-surgery. 
Professional instruments accurately measured the height and weight of all patients and calculated their body mass 
index (BMI). After the participants sat quietly for 15 minutes, blood pressure was measured twice properly and the 
average was used for analysis. All blood samples were taken after 12 hours of fasting. The biochemical parameters 
detected as follows: ALT, AST, γ-glutamyl transpeptidase (γGT), fasting plasma glucose (FPG), fasting insulin (FINS), 
glycosylated hemoglobin A1 (HbA1c), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol 
(HDL-c), low-density lipoprotein cholesterol (LDL-c), uric acid (UA), Cr, blood urea nitrogen (BUN). Homeostasis 
model assessment of insulin resistance (HOMA-IR) calculated by FPG (mmol/L) × FINS (mU/L)/22.5.21 As described in 
previous studies, liver steatosis and fibrosis were indicated with controlled attenuation parameter (CAP) and liver 
stiffness measurement (LSM) by FibroScan.22 The serum FGL-1 levels were quantified according to the instruction 
manual using a human FGL-1 enzyme-linked immunosorbent assay kit (Cusabio, Wuhan, China). Diabetes was defined 
by FPG ≥ 7.0 mmol/L, and/or HbA1c ≥ 6.5%, and/or 2-hour postprandial blood glucose ≥ 11.1 mmol/L, and/or previous 
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diagnosis of diabetes. Dyslipidemia was defined by LDL-c ≥ 4.14 mmol/L, and/or HDL-c < 1.04 mmol/L, and/or TG ≥ 
2.26 mmol/L, and/or previous diagnosis of dyslipidemia. Hypertension was defined as SBP ≥ 140 mmHg and/or DBP ≥ 
90 mmHg, or previous diagnosis of hypertension.23

Sample Size Calculation and Statistical Analysis
Based on the previous literature,24 the assumed mean difference in FGL-1 levels of at least 1600 pg/mL (±1500) between 
obese participants and normal-weight participants, and the power analysis showed that a minimum of 24 participants for 
each group was required to achieve a significant outcome (alpha = 0.05, power = 0.95) using the online calculator 
provided by the Massachusetts General Hospital Mallinckrodt General Clinical Research Center (http://hedwig.mgh. 
harvard.edu/sample_size/size.html). SPSS statistical software version 25.0 was used for statistical analysis. Data are 
shown as mean ± standard deviation (SD) on account many variables are normally distributed, and the independent- 
samples t-test was applied to evaluate differences between normally distributed variables. In the meanwhile, the 
categorical variables are expressed as percentages, and the differences between categorical variables were analyzed by 
the chi-square test. A standard t-test was performed to compare the conditions pre- and post-surgery. Pearson’s 
correlation coefficient was applied to investigate the relationship between FGL-1 levels and other indices at baseline. 
Multiple linear regression was performed to assess the association between FGL-1 levels at baseline and changes in 
LSM. Further, multiple linear regression was used to evaluate the relationship between changes in FGL-1 levels and 
changes in other parameters. A p-value < 0.05 was considered significant.

Results
Clinical Characteristics of the Individuals at Baseline
Among 257 bariatric patients, 60 patients (16 men and 44 women) who met the inclusion and exclusion criteria were 
included in this study, and other 32 individuals with normal weight were enrolled in the control group (Figure 1). As 
shown in Table 1, basic anthropometric examination data, biochemical indices, and serum FGL-1 levels were summar-
ized. Between the obese and normal-weight groups, the average age and gender distribution were similar. The BMI of 
healthy controls was 20.75±1.73 kg/m2, and that of the obesity group was 39.84±6.10 kg/m2. Compared to individuals 
with normal weight, patients with obesity had significantly higher FPG, FINS, HOMA-IR, SBP, DBP, ALT, AST, γGT, 
TG, UA levels, and lower HDL-c levels (all p<0.05). In addition, concentrations of serum FGL-1 in the obese group were 
significantly higher than that in the normal group (44.66±20.03 vs 20.73±9.73 ng/mL, p<0.001). Before surgery, 27 
bariatric patients (45%) had diabetes, 36 bariatric patients (60%) had dyslipidemia, and 24 bariatric patients (40%) had 
hypertension. In addition, 21 of the 60 bariatric patients received medications, including 8 patients (13.33%) were treated 
with hypoglycemic drugs, 11 patients (18.33%) were treated with antihypertensive drugs, 4 patients (6.67%) were treated 
with euthyrox, 3 patients (5%) were treated with Diane-35, and 1 patient (1.6%) was treated with hypolipidemic drugs.

Changes in Serum FGL-1 Levels and Other Indicators 6 Months After LSG
At 6 months postoperatively (Table 1), significant improvements in BMI, FPG, FINS, HOMA-IR, HbA1c, SBP, DBP, ALT, 
AST, γGT, TC, TG, HDL-c, LDL-c, and UA were observed (for all, p < 0.05). BMI declined significantly from 39.84 
±6.10 kg/m2 to 28.42±5.01 kg/m2. As shown in Figure 2, FGL-1 levels decreased significantly from 44.66±20.03 ng/mL to 
27.53±11.45 ng/mL after LSG (p < 0.001). CAP levels decreased significantly from 348.51±43.54 dB/m to 263.71±58.83 
dB/m after LSG (p < 0.001). LSM levels decreased significantly from 9.17±7.82 kPa to 5.70±2.26 kPa after LSG (p = 0.006). 
Furthermore, at 6 months postoperatively, only 4 patients (6.67%) still met the diagnostic criteria for diabetes, 22 patients 
(36.67%) met the diagnostic criteria for dyslipidemia, and 10 patients (16.67%) met the diagnostic criteria for hypertension. 
All three major comorbidities of obesity showed significant improvement (p < 0.05). Besides, all patients were taken off 
medication for at least six months after bariatric surgery and were given diet and lifestyle guidance.
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Correlation of Baseline Serum FGL-1 Levels and Other Indicators
To analyze the relationships between FGL-1 levels and other indices at baseline, Pearson’s correlation coefficient was 
performed (Figure 3). FGL-1 levels were positively associated with BMI, FPG, FINS, HOMA-IR, UA, ALT, AST, γGT, 
TG, SBP, and DBP, and were negatively associated with HDL-c (all p < 0.05). Whereas, FGL-1 levels were not related to 
TC, LDL-c, Cr, and BUN (for all, p > 0.05).

Serum FGL-1 Levels at Baseline Were Related to Changes in LSM Levels
To determine whether baseline FGL-1 levels are associated with changes (Δ) in other indices, linear regression analysis 
was performed (data not shown) and only ΔLSM levels were negatively associated with baseline FGL-1 levels (p = 
0.005). As shown in Table 2, with adjustment for confounders in Model 2–4, ΔLSM levels were still significantly 
associated with baseline FGL-1 levels (all p < 0.05). After adjusting the gender, BMI, TG, HbA1c, SBP, and preoperative 
medication use, ΔLSM levels were still negatively associated with baseline FGL-1 levels (p = 0.016).

Changes in FGL-1 Levels Were Related to Changes in Liver Enzymes and UA
To further explore the association between decreased FGL-1 levels and other indices, linear regression analysis was used 
after adjusting possible confounding factors. As shown in Table 3, ΔFGL-1 levels were associated with ΔALT, ΔAST, 
and ΔUA (all p < 0.05) after LSG. Otherwise, ΔFGL-1 levels did not correlate with ΔBMI, ΔHbA1c, ΔHOMA-IR, 
ΔFPG, ΔFINS, ΔγGT, ΔTC, ΔTG, ΔHDL-c, and ΔLDL-c (for all, p > 0.05).

Figure 1 Study flow chart.
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Discussion
The global epidemic of obesity has garnered more and more attention over the past two decades.25 Previous research has 
shown that the liver regulates energy homeostasis via hepatokine secretion.26 Moreover, hepatokine secretion generally 
improves after bariatric surgery, which might drive the long-term metabolic improvements following bariatric surgery.27 

Recently, studies found that plasma FGL-1 levels are associated with obesity, NAFLD, and T2DM.15,16,24 However, the 
role of FGL-1 in obese patients who undergo LSG remains obscure, and the current study explored whether FGL-1 
changes after LSG are correlated with other metabolic indices.

In this study, individuals with obesity have higher FGL-1 levels than individuals of normal weight. In addition, 
Pearson’s correlation coefficient revealed that FGL-1 levels were positively correlated with BMI, ALT, AST, γGT, TG, 
FPG, FINS, HOMA-IR, UA, SBP, DBP, and were negatively correlated with HDL-c. These findings were generally in 
line with the previous studies.24,28 One of the mechanisms behind this may be that FGL-1 provokes lipid accumulation in 
the liver by activating the ERK1/2 pathway.15 Moreover, FGL-1 promotes adipogenesis via the ERK1/2-C/EBPβ- 
dependent pathway.18 Finally, increased FGL-1 expression induces insulin resistance through an EGFR/JNK mediated 

Table 1 Clinical Characteristics of the Study

Items Normal Weight 
(n = 32)

Patients With Obesity 
Before Surgery (n = 60)

Patients With Obesity 
After Surgery (n = 60)

P-value 1 P-value 2

Age (years) 31.31±5.05 32.13±12.28 / 0.653 /

Gender (male %) 31.25% 26.67% / 0.642 /

BMI (kg/m2) 20.75±1.73 39.84±6.10 28.42±5.01 <0.001*** <0.001***
FPG (mmol/L) 4.73±0.53 6.61±2.25 4.67±0.78 <0.001*** <0.001***

FINS (mU/L) 4.58±2.50 30.12±14.70 8.33±3.93 <0.001*** <0.001***

HOMA-IR 1.00±0.61 8.56±4.11 1.75±0.89 <0.001*** <0.001***
HbA1c (%) / 6.66±1.89 5.46±0.55 / <0.001***

SBP (mmHg) 112.66±11.68 137.31±18.62 124.52±14.98 <0.001*** <0.001***
DBP (mmHg) 70.91±8.23 82.83±11.30 75.32±11.46 <0.001*** <0.001***

ALT (U/L) 18.16±9.83 67.27±60.71 13.62±8.92 <0.001*** <0.001***

AST (U/L) 16.38±3.27 40.51±33.47 14.47±3.74 <0.001*** <0.001***
γGT (U/L) 22.74±8.98 44.29±32.91 13.19±9.04 <0.001*** <0.001***

TC (mmol/L) 4.34±0.55 4.60±0.79 4.17±0.80 0.073 0.001**

TG (mmol/L) 0.83±0.30 1.86±1.20 0.96±0.48 <0.001*** <0.001***
HDL-c (mmol/L) 1.61±0.32 1.09±0.40 1.20±0.32 <0.001*** <0.001***

LDL-c (mmol/L) 2.56±0.55 2.78±0.76 2.46±0.71 0.152 0.006**

UA (μmol/L) 305.53±67.13 416.14±95.81 362.91±89.55 <0.001*** <0.001***
Cr (μmol/L) 63.72±7.71 61.29±10.63 61.45±9.38 0.219 0.660

BUN (mmol/L) 4.61±1.16 4.78±1.34 4.79±1.24 0.546 0.738

FGL-1 (ng/mL) 20.73±9.73 44.66±20.03 27.53±11.45 <0.001*** <0.001***
Diabetes (n, %) 0.00, 0.00 27.00, 45.00 4.00, 6.67 <0.001*** <0.001***

Dyslipidemia (n, %) 0.00, 0.00 36.00, 60.00 22.00, 36.67 <0.001*** 0.011*

Hypertension (n, %) 0.00, 0.00 24.00, 40.00 10.00, 16.67 <0.001*** 0.005**
Hypoglycemic drugs (n, %) 0.00, 0.00 8.00, 13.33 0.00, 0.00 0.031* 0.003**

Antihypertensive drugs (n, %) 0.00, 0.00 11.00, 18.33 0.00, 0.00 0.010* <0.001***

Euthyrox (n, %) 0.00, 0.00 4.00, 6.67 0.00, 0.00 0.135 0.040*
Diane-35 (n, %) 0.00, 0.00 3.00, 5.00 0.00, 0.00 0.198 0.077

Hypolipidemic drugs (n, %) 0.00, 0.00 1.00, 1.60 0.00, 0.00 0.463 0.311

Notes: Data are presented as mean ± SD or number (percentage). P-value 1 was significant difference between normal weight and obese individuals before surgery; P-value 
2 was significant difference between obese individuals before surgery and after surgery. *P < 0.05; **P < 0.01; ***P < 0.001. 
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance; HbA1c, 
glycosylated hemoglobin A1; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; γGT, γ-glutamyl 
transpeptidase; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; UA, uric acid; Cr, creatinine; 
BUN, blood urea nitrogen; FGL-1, fibrinogen-like Protein 1.
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Figure 2 Changes in FGL-1 (A), CAP (B), and LSM (C) levels at 6 months after LSG. Data are presented as mean. Error bars are standard deviations.

Figure 3 Correlation between FGL-1 levels and metabolic factors at baseline. FGL-1 levels were positively associated with BMI (A), FPG (B), HOMA-IR (C), ALT (D), AST 
(E), γGT (F), TG (H) and UA (I); It was also negatively correlated with HDL-c (G).
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pathway.19 Since FGL-1 is not only linked to obesity but also other indicators of obesity, it is interesting to explore the 
FGL-1 levels before and after LSG and its association with changes in clinical indicators.

The multiple linear regression indicated that baseline FGL-1 levels were negatively associated with ΔLSM levels, 
suggesting that higher preoperative FGL-1 levels were associated with greater postoperative improvement in liver 
fibrosis. In previous studies, Yang et al29 demonstrated that FGL-1 protects the liver from steatosis and fibrosis in 
mice with non-alcoholic steatohepatitis (NASH), and FGL-1 may be an effective treatment strategy for NASH. However, 
in the present study, although there was a significant postoperative improvement in hepatic steatosis and hepatic fibrosis, 

Table 2 Multiple Linear Analysis of FGL-1 Levels at 
Baseline and Changes in LSM Levels After LSG

Adjustment ΔLSM

β R2 P value

Model 1 −0.459 0.211 0.005**
Model 2 −0.414 0.226 0.018*

Model 3 −0.344 0.338 0.038*

Model 4 −0.403 0.547 0.011*
Model 5 −0.401 0.547 0.016*

Notes: Model 1 was before the adjustment; Model 2 was adjusted for 
gender; Model 3 was adjusted for gender and BMI; Model 4 was adjusted 
for gender, BMI, TG, HbA1c, and SBP; Model 5 was adjusted for gender, BMI, 
TG, HbA1c, SBP, and preoperative medication use. ΔLSM means the com-
parison of LSM at 6 months after LSG and baseline. *P < 0.05; **P < 0.01. 
Abbreviations: FGL-1, fibrinogen-like Protein 1; LSM, liver stiffness 
measurement; BMI, body mass index; TG, triglyceride; HbA1c, glycosy-
lated hemoglobin A1; SBP, systolic blood pressure.

Table 3 Multiple Linear Analysis of Changes in FGL-1 
Levels and Changes in Metabolic Markers After LSG

Items ΔFGL-1

β1 P1 β2 P2

ΔBMI −0.035 0.791 −0.058 0.801
ΔALT 0.261 0.046* 0.390 0.016*

ΔAST 0.236 0.077 0.430 0.013*

ΔγGT 0.055 0.701 −0.003 0.987
ΔTG −0.009 0.945 0.056 0.884

ΔHDL-c 0.019 0.886 −0.026 0.865
ΔFPB −0.045 0.732 −0.030 0.859

ΔFINS 0.017 0.725 0.023 0.886

ΔHOMA-IR 0.033 0.808 0.029 0.849
ΔUA 0.212 0.104 0.291 0.045*

ΔCAP −0.152 0.384 −0.148 0.445

ΔLSM 0.099 0.571 0.161 0.499

Notes: 1 before the adjustment; 2 after adjusting for possible confounders 
(gender, BMI, TG, HbA1c, SBP, and preoperative medication use. *P < 0.05. 
Abbreviations: FGL-1, fibrinogen-like Protein 1; BMI, body mass index; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; γGT, γ- 
glutamyl transpeptidase; TG, triglyceride; HDL-c, high-density lipoprotein 
cholesterol; FPG, fasting plasma glucose; FINS, fasting insulin; HOMA-IR, 
homeostasis model assessment of insulin resistance; UA, uric acid; CAP, 
controlled attenuation parameter; LSM, liver stiffness measurement; 
HbA1c, glycosylated hemoglobin A1; SBP, systolic blood pressure.
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only improvement in hepatic fibrosis was associated with baseline FGL-1 levels. These results suggest that FGL-1 might 
be an independent predictor for the effect of LSG on liver fibrosis.

With the decrease in body weight, FGL-1 levels significantly decreased at 6 months after LSG, indicating that LSG 
can reduce FGL-1 levels. These data were supported by another study showing that bariatric surgery in rodents could 
reduce hepatic FGF-21 expression compared to the sham surgery group.30 In previous studies, Wu et al15,18 indicated that 
deletion of FGL-1 in HepG2 cells reduced lipid accumulation, and knockdown of FGL-1 expression in mouse adipose 
tissue could decrease adipose hypertrophy, which suggested reduced FGL-1 after LSG may be related to the reduction of 
lipid accumulation and adipose hypertrophy. However, the change in FGL-1 was not related to reduced BMI. Similar to 
these results, Lim et al found that bariatric surgery could affect hepatokine levels regardless of weight loss.8

After adjusting for possible confounders, the changes in FGL-1 are associated with the improvement of ALT and AST 
levels, supported by the previous clinical studies showing that changes in hepatokine levels were related to improvements in 
liver metabolism after bariatric surgery.8 To our knowledge, FGL-1 is known to regulate hepatocyte proliferation and is 
expressed mainly in the liver.31,32 Meanwhile, it has been reported that plasma FGL-1 concentrations and the liver enzyme 
increased significantly in hyperglycemic crisis patients and both decreased significantly after treatment.33 There seem to be 
some mechanisms for improving liver metabolism independent of weight loss that future studies need to explore.

Meanwhile, the changes in FGL-1 are associated with the improvement of UA levels after adjusting for possible 
confounders. Additionally, another study found that with increasing FGL-1 tertiles, patients had higher UA levels.28 UA 
is produced in the liver, adipose tissue, and muscle.34 After excessive fructose and sucrose consumption, the liver will 
produce more catabolic effectors, including hepatokines and UA.35 On the other hand, Xie et al36 found UA stimulates lipid 
accumulation in the liver by the ROS/JNK/AP-1 pathway. Therefore, UA is closely related to liver metabolism, explaining 
the association between UA and FGL-1. However, further studies are needed to determine the link between UA and FGL-1.

This study is the first to follow up on the change in FGL-1 levels following bariatric surgery. The current study also 
has some limitations. Firstly, there was a short follow-up duration of this study. Secondly, this retrospective study only 
included Chinese individuals and has a relatively small sample size. Thirdly, it was not possible to establish a causal 
relationship in this study.

Conclusion
To sum up, serum FGL-1 levels were higher in patients with obesity. The preoperative serum FGL-1 levels could be 
a predictor of postoperative liver fibrosis improvement. Moreover, FGL-1 levels decreased significantly at 6 months 
postoperatively and positively correlated with improved liver enzymes and uric acid.
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