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Background

Non-alcoholic fatty liver disease (NAFLD) is associated with obesity and insulin resistance and can be improved after bariatric surgery. Circulating Peroxiredoxin 1 (Prdx1) protein was reported to regulate energy metabolism and inflammation. This study aimed to investigate the roles of serum prdx1 in NAFLD patients with obesity undergoing LSG and to develop a prognostic model to predict the remission of severe NAFLD.



Methods

The data of 93 participants from a tertiary hospital were assessed. Before laparoscopic sleeve gastrectomy (LSG) and three months after LSG, anthropometric parameters, laboratory biochemical data, and abdominal B-ultrasound results were collected, and their hepatic steatosis index (HSI) and triglyceride-glucose index (TyG) were calculated. A NAFLD improvement (NAFLD-I) nomogram prediction model was constructed using the least absolute shrinkage and selection operator (LASSO) regression and multiple regression, and its predictive ability was verified in a validation cohort.



Results

The baseline Prdx1 (OR: 0.887, 95% CI: 0.816-0.963, p=0.004), preoperative TyG (OR: 8.207, 95% CI: 1.903-35.394, p=0.005) and HSI (OR: 0.861, 95% CI: 0.765-0.969, p=0.013) levels were independently associated with NAFLD-I at three months after LSG in NAFLD patients with obesity. In the primary and validation cohorts, the area under the receiver operating characteristic (AUC) of the developed nomogram model was 0.891 and 0.878, respectively. The preoperative circulating Prdx1 levels of NAFLD patients with obesity were significantly reduced after LSG (25.32 [18.99-30.88] vs. 23.34 [15.86-26.42], p=0.001). Prdx1 was related to obesity and hepatic steatosis based on correlation analysis.



Conclusion

The nomogram based on preoperative serum prdx1, HSI and TyG could be an effective tool for predicting remission of severe NAFLD after LSG.
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1 Introduction

In recent years, the prevalence of non-alcoholic fatty liver disease (NAFLD) has increased significantly (1). More worryingly, a data framework predicted that a growing number of NAFLD patients would develop non-alcoholic steatohepatitis (NASH)-related end-stage or malignant liver diseases (2), who have become the main population for liver transplantation. The aggravating incidence of NAFLD and the severe consequences of disease progression makes it necessary to develop effective methods to predict NAFLD response to LSG treatment. In this regard, serological biomarkers and models have attracted significant clinical attention due to their non-invasive, low cost, simple maneuverability and strong repeatability advantages.

Hepatic steatosis, inflammation and fibrosis in NAFLD are closely related to obesity and insulin resistance (IR) (3, 4). Accumulating evidence suggests that the Peroxiredoxin (PRDX) family is a key antioxidant enzyme regulating the balance between glucose and lipid metabolism (5). PRDX members, including Prdx1 (6), Prdx2 (7), Prdx3 (8), Prdx4 (9) and Prdx6 (10, 11), were reported to be overexpressed in obesity, type 2 diabetes mellitus (T2DM) and atherosclerosis (12). Prdx1 and Prdx4 are the secretory members of the PRDX family. Elevated circulating Prdx4 was found to be associated with certain components (e.g., hypertension and triglycerides [TG]) and mature inflammatory markers (e.g., high-sensitivity C-reactive protein [hs-CRP] and procalcitonin) of the metabolic syndrome (13) and has been incorporative in a T2DM DESIR model in men (14).

vPrdx1 is the main PRDX family member in the pancreas (15) (16), liver insulin resistance, inflammation and steatosis (17). An increase in Prdx1 is released through exosomes in response to various environmental stressors (18), such as inflammatory cytokines (19), oxidative stress (20) and streptozotocin (STZ) administration (21). At present, two studies have reported an increase in Prdx1 in T2DM was positively correlated with the homeostasis model assessment of insulin resistance (HOMA-IR) (r = 0.276, p< 0.01) (18, 22). However, the level and change of circulating Prdx1 in the evolution of NAFLD have not yet been reported.

Metabolic surgery is the most effective treatment to achieve substantial and lasting weight loss in individuals with obesity (23). Among patients with severe obesity undergoing metabolic surgery, the prevalence of NAFLD was found to exceed 90%, the prevalence of NASH was reported to approximate 37% (24 to 98%), with up to 5% of the patients at high risk for unanticipated liver cirrhosis (24). After bariatric surgery, visceral fat and insulin resistance are reduced within a few days (25), liver fatty acid uptake is reversed (26), and liver inflammation is improved (27, 28). LSG has replaced the Roux-en-Y gastric bypass surgery (RYGB) as the most common bariatric operation (29). In particular, NAFLD individuals benefit more from LSG than RYGB (30), with a reported -2.5 (95% CI: -3.5 to -1.5) median NAFLD activity score (NAS) improvement at 192 days after LSG (31).

Since circulating Prdx1 is closely related to chronic metabolism diseases (i.e., arteriosclerosis, diabetes, etc.) and inflammation, we hypothesized that increased circulating Prdx1 might be a biomarker of obesity, insulin resistance and NAFLD and therefore played an important role in the clinical response after LSG.



2 Methods


2.1 Study design and patients

The study design was a prospective observational study conducted at a single center, as shown in Figure 1. All subjects gave their informed consent for inclusion before participating in the study. The study was conducted in conformity with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the Third Xiangya Hospital (Project identification code: R20047). According to the indications and contraindications of LSG guidelines (32), from April 2019 to October 2019, NAFLD patients who underwent LGS in the Department of General Surgery, the Third Xiangya Hospital, were consecutively enrolled. Subjects met all the following inclusion criteria: (1) with the hepatic steatosis index (HSI)>36 and preoperative diagnosis of severe/moderate NAFLD by B-ultrasound; (2) individuals with obesity that combined with other comorbidities of metabolic syndrome; (3) aged 18 to 65 years old. The exclusion criteria were: (1) with the contraindications of LSG; (2) severe infection or organic diseases, such as myocardial infarction, renal failure, and stroke; (3) long-term use of liver injury-inducing drugs, alcoholism, or drug addiction; (4) previous metabolic surgery; (5) missing serum samples, incomplete data, or loss to follow-up. In accordance with previous reports, the LSG was performed by the same medical team (33). Finally, a total of 93 patients were enrolled and randomly divided into primary cohort (n=65) and validation cohort (n=28) at 7:3. During the same period, fifty-seven healthy adult controls were recruited at the health examination center of the same Hospital. The inclusion criteria were adults with a BMI of 18.5 to 24.0 kg/m2. Exclusion criteria were acute or chronic systemic disease, pharmacological treatment, alcohol abuse, history of abdominal surgery, and absence of informed consent.




Figure 1 | Flow diagram of study design. NAFLD, non-alcoholic fatty liver disease; NAFLD-I, NAFLD improvement (postoperative HSI<36 and without diagnostic fatty liver by ultrasound); NAFLD-S, NAFLD sustain; LSG, laparoscopic sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass surgery; LASSO, least absolute shrinkage, and selection operator; ROC, receiver operating characteristic curve; DCA, decision curve analysis.





2.2 The data, calculated index and definition

Anthropometric parameters, laboratory biochemical data, and abdominal B-ultrasound results were collected before LSG and three months after LSG. Circulating PRDX1 levels were measured using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (KA0536, Abnova, Taiwan, China) in the serum of isolated blood samples collected from the patients. Preoperative fasting serum was assessed to measure PRDX1 concentration.

The anthropometric parameters included height, weight, waist circumference, and hip circumference. Laboratory results included white blood cell (WBC) count, neutrophil to lymphocyte ratio (NLR), platelet count, fasting blood glucose (FBS), fasting insulin (FINS), C-peptide level, triglyceride (TG), total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL); alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), globulin (GLB), blood urea nitrogen (BUN), creatinine and uric acid (UA). For the imaging examination, abdominal B-ultrasound was performed by two experienced radiologists using the Diagnostic Ultrasound System and Transducers (Philips EPIQ7C, N.V., Amsterdam, the Netherlands). Body mass index (BMI), HSI, non-alcoholic fatty liver disease fibrosis score (NFS), fibrosis 4 score (F4), HOMA-IR, quantitative insulin sensitivity check index (QUICKI), triglyceride-glucose index (TyG), the percentage of total body weight loss (%TBWL), and percentage of excess weight loss (%EWL) were calculated. The formula of each index and their threshold in the Chinese population are shown in Table 1.


Table 1 | The formula and threshold of calculated index.



HSI has been validated by ultrasonography and magnetic resonance imaging (MRI) and is widely used in clinical studies of metabolic diseases (3, 41). A specificity of 92% was reported for diagnosing NAFLD in patients with HSI >36 (42), and the same cut-off value was thereby adopted in our study. NAFLD improvement (NAFLD-I) was referred to as HSI<36 at three months after LSG, with no fatty liver diagnosed by postoperative ultrasound; otherwise, NAFLD sustain (NAFLD-S) was considered.



2.3 Statistical analysis

SPSS v19 (IBM, Armonk, NY) and GraphPad Prism (GraphPad, San Diego, California) were used for statistical analyses and to draw indicated plots. Enumeration data are shown as n (%) and were compared with the chi-square tests. All measurement data are expressed in median (25th–75th percentiles [Q1–Q3]) and were analyzed using nonparametric tests. The Wilcoxon paired rank test was used for preoperative and postoperative group comparisons. A p-value< 0.05 was considered statistically significant.

The data were further processed with R studio (version 4.2.0; R studio, Boston, Massachusetts). Briefly, we installed the “glmnet” package to perform LASSO regression in the primary cohort to select the preoperative variables with the strongest influence on NAFLD-I. Factors with p< 0.05 in multivariate logistics regression were considered independent influencing factors of NAFLD-I and were used to develop our predictive nomogram model using the “rms” package.

In addition, the discrimination (receiver operator characteristic curve [ROC] by “pROC” package), calibration (calibration curve and Hosmer–Lemeshow test by “rms” and “ResourceSelection” package) and clinical utility (decision curve analysis [DCA] by “ggDCA” package) of our constructed nomogram were verified both in the primary cohort and the validation cohort. Lastly, the Spearman correlation coefficient was used to analyze the associations between preoperative parameters.




3 Results


3.1 Characteristics of the NAFLD at baseline and surgical outcomes

A total of 93 NAFLD patients were enrolled (median age: 30 years [inter-quartile range: 24-34]), comprising 29 (31.18%) males and 64 (68.82) females. The median body weight was 100.30 (90.65-118.15) kg, and the median BMI was 37.16 (34.17-42.70) kg/m2. Regarding comorbidities, 33.33% of the patients were diagnosed with T2DM before surgery. Three months after LSG, obesity, low-grade inflammation, insulin resistance, hepatic steatosis, hyperlipidemia and hyperuricemia were found to be significantly alleviated compared with before LSG (Table 2). Postoperative abdominal B-ultrasonography showed no, mild, moderate and severe NAFLD in 36 (38.71%), 22 (23.66%), 27 (29.03%) and 8 (8.60%) cases, respectively. The patients’ BMI, body weight and hip circumference were significantly reduced (p<0.001). TBWL% and EWL% were 18.33 (13.57-23.62) and 25.28 (18.76-32.23), respectively. We also observed a decrease in WBC count, NE% and NLR (p<0.001). Postoperative HOMA-IR, TyG and HSI were significantly lower than before the operation (p<0.001). Statistically significant differences were observed between post- and pre-surgical levels of ALT, AST, TG, UA (p<0.001), TC (p=0.015) and HDL (p=0.046).


Table 2 | The analysis of preoperative and postoperative indicators by the Wilcoxon paired rank test tests.



Further analysis showed no significant differences in the baseline age, gender, degree of obesity, insulin resistance, hepatic steatosis and circulating Prdx1 levels between the primary cohort and the validation cohort (p > 0.05) (Table 3), suggesting that both cohorts were homogeneous.


Table 3 | Preoperative variables between the primary cohort, the validation cohort, and the control cohort.





3.2 Preoperative and postoperative circulating Prdx1 Levels in NAFLD patients with obesity

The median age of the normal control group was 32 (23.5-41.5) years and comprised 22 (38.60%) males and 35 (61.40%) females. The participants in the Control cohort’s median BMI was 21.49 (20.19-23.32) kg/m2 and had no history of T2DM or NAFLD. Their weight, HOMA-IR, QUICKI, TyG and HSI are shown in Table 3. The Control group was comparable with the NAFLD group in terms of age (Z=-1.556, p=0.120) and sex (χ2 = 0.866, p=0.352). Preoperative Prdx1 (ng/mL) was significantly higher in NAFLD patients with obesity than in normal controls (25.51 [18.51-32.83] vs. 12.38 [8.370-15.71], p<0.001). Postsurgical serum collection was conducted one month after surgery in 33 patients. The Wilcoxon paired rank tests showed that patients after LSG had a lower concentration of Prdx1 than those before surgery (25.32 [18.99-30.88] vs. 23.34 [15.86-26.42], p=0.001) (Figure 2).




Figure 2 | A comparison of circulating Prdx1 levels in NAFLD patients with obesity before and after surgery.





3.3 Identifying independent influencing factors

The Lasso analysis identified three predictors with non-zero regression coefficients (Figures 3A, B). In multivariate logistic regression analysis, we found that preoperative TyG (OR = 8.207, 95% CI = 1.903-35.394, p=0.005), HSI (OR = 0.861, 95% CI = 0.765-0.969, p=0.013) and circulating Prdx1 (OR = 0.887, 95% CI = 0.816-0.963, p=0.004) were independently associated with NAFLD remission at three months after LSG (Table 4).




Figure 3 | Variable selection by the LASSO binary logistic regression model. (A) The plot of the coefficient profile against log(lambda). As lambda reduced, the compression parameter decreased, and the absolute value of both coefficients increased. (B) Three factors with regression coefficients greater than 0 were selected (lambda value between lambda.min and lambda.1se). The optimized lambda value was between lambda.min and lambda.1se, indicating that three factors with regression coefficients greater than zero were selected.




Table 4 | Multivariate logistic regression of NAFLD-I (n=65).





3.4 Predictive model construction, validation and evaluation

We developed a Lasso-Logistic nomogram model to assess the independent factors associated with NAFLD remission three months after LSG (Figures 4A, B). Then, ROC curves were used to determine the discrimination of this prediction model. Based on the results, our nomogram demonstrated high predictive values (area under the receiver operating characteristic [AUC] for the primary cohort: 0.891, 95% CI: 0.816-0.966; AUC for validation cohort: 0.878, 95% CI: 0.716-1.000) (Figures 5A, B). Additionally, findings from the calibration graph (Figures 6A, B) and Hosmer-Lemeshow test showed that our constructed nomogram was highly consistent with the actual observation (Hosmer-Lemeshow test in primary cohort: p=0.495; validation cohort: p=0.138), and the clinical utility of the nomogram model was assessed via DCA in both the primary and validation cohorts (Figures 7A, B), which showed that the application of the nomogram model had higher net benefit than “treat all NAFLD patients with LSG” and “treat none of NAFLD patients with LSG” when the risk threshold was between 0.5% and 99.8% in the primary cohort and between 5.4% and 83.3% in the validation cohort.




Figure 4 | Nomogram prediction model. (A) TyG, HSI, and Prdx1 as risk factors of the model. (B) Example of a dynamic nomogram. For the patient with preoperative HSI of 42.53, TyG of 9.71, and prdx1 concentration of 11.55 ng/mL, his/her total score in this nomogram model was 177 points, and the corresponding probability of NAFLD remission at three months after LSG was predicted to be 96.9%. NAFLD-I, non-alcoholic fatty liver disease improvement; TyG, triglyceride-glucose index; Prdx1, Peroxiredoxin 1.






Figure 5 | The ROC curves of the nomogram model of NAFLD remission at three months after LSG in the primary (A) and validation cohorts (B).






Figure 6 | The calibration curves of the nomogram model in the primary (A) and validation cohorts (B). As shown on graphs, the X-axis represented the predicting probability of postoperative NAFLD remission, and the Y-axis illustrated the actual outcomes in follow-up. The diagonal grey line was the perfect prediction made by the ideal model, the solid black line was the performance by nomogram, and the dashed line was the corrected model performance. As the model performance approached the diagonal grey line, the nomogram’s prediction accuracy increased.






Figure 7 | Nomogram of NAFLD remission at 3 months after LSG with decision curve analysis (DCA). The Y-axis showed net benefit. The blue line represented the assumption that none of NAFLD patients have been performed with LSG, while the green line represented the assumption that all patients have been performed with LSG, and the red line represented using this nomogram to predict NAFLD-I in patients. Clinical application value increased with increasing distance between red solid line and blue line. (A) from the training set, (B) from the validation set.





3.5 Correlation analysis

Correlation analysis showed that HSI was positively correlated with HOMA-IR (r=0.530, p<0.001), Prdx1 (r=0.383, p=0.002) and body weight (r=0.799, p<0.001) (Figure 8). Additionally, Prdx1 was positively correlated with hepatic steatosis, obesity, ALT and AST.




Figure 8 | Association between baseline indications and postoperative Prdx1. Blue presented highly positive correlation coefficients, whereas red presented highly negative correlation coefficients. HSI, hepatic steatosis index; TyG, triglyceride-glucose index; delta TyG, the change of TyG was quantified by subtracting preoperative values from postoperative values; Prdx1, Peroxiredoxin 1; BMI, body mass index; WHR, waist-to-hip ratio; WBC, white blood cells; NLR, neutrophil to lymphocyte ratio; A/G, albumin/globulin; ALT, alanine transaminase; AST, aspartate transaminase; TG, triglyceride; TC, total cholesterol.






4 Discussion

The most common bariatric procedures are sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB), which are both effective in alleviating hepatic steatosis, while SG was reported to be associated with fewer complications (43). A published study (44) investigating liver fat fraction at one-year follow-up after LSG found a reduction of -19.7% (95% CI: -22.5% to -16.9%). Most studies about NAFLD have focused on the efficacy of LSG after one year or longer. In this present study, we assessed the remission of NAFLD at three months after LSG because it was at that time period that we observed improvements in relevant pathological status (i.e., insulin resistance, obesity) and liver biopsy after surgery. Studies have shown that within three months after bariatric surgery, insulin resistance usually returns to a normal level (45), with significant weight loss achieved in patients with obesity (46). A reduction in hepatic fat content and improvement in hepatic insulin resistance are considered the earliest beneficial effects of bariatric surgery (47). In this study, liver biopsies were performed to confirm that hepatic steatosis, fibrosis and NAFLD activity scores decreased three months after surgery (48). In addition, we also found an early remission of NAFLD after LSG could be accurately predicted using the proposed nomogram based on the patients’ preoperative TyG, HSI and Prdx1 concentration.

A previous study reported that preoperative steatosis (p = 0.006) and insulin resistance index (p = 0.010) were independent predictors of postsurgical persistent severe steatosis one year after surgery via liver biopsy (49). However, the wide application of serial liver biopsy is limited due to its invasiveness, variability in sample collection, and inconsistent evaluation. In terms of imaging exams, MRI is not routinely performed in NAFLD as it is time-consuming and expensive. A meta-analysis indicated that B-ultrasound and transient elastography failed to identify and stage NAFLD in individuals with high BMI (50). Comparatively, a serological model could demonstrate high accuracy in diagnosing hepatic steatosis. HSI is composed of BMI, DM and ALT/AST ratio. Encouragingly, a previous study showed that its AUC for diagnosing NAFLD was 0.81 in the training cohort and 0.82 in the validation cohort (51). More importantly, our study suggested that HSI not only had a good performance in diagnosing NAFLD but was also an important independent predictor of early NAFLD remission after LSG (OR: 0.861, 95% CI: 0.765-0.969, p=0.013). Our correlation analysis of preoperative indicators showed that preoperative TyG was significantly associated with insulin resistance and obesity, consistent with a previous report (52). Interestingly, we also found that HSI was positively correlated with circulating Prdx1 (r=0.383, p =0.002). Several studies have observed increased inflammatory proteins, such as C-reactive protein, which declined after bariatric surgery in T2DM patients with obesity (53).

Circulating PRDX1 was recently identified as a damage-associated molecular pattern (DAMP) that acted as a proinflammatory factor by activating the Toll-like receptor 4-mediated signaling (54). In chronic inflammation, more than a quarter of Prdx1 was secreted actively to the outside of cells as exosomes (55, 56) or through a mechanism of redox-dependent secretion (57). Cross-sectional studies showed that Prdx1 increased in chronic metabolic diseases (i.e., atherosclerosis, diabetes, etc.). However, there is limited research on Prdx1 in the evolution of NAFLD. Our study showed for the first time a high circulating Prdx1 concentration in NAFLD patients with obesity and that its level decreased one month after LSG. Moreover, high baseline Prdx1 levels were associated with poor remission of NAFLD three months after LSG (OR: 0.887, 95% CI: 0.816-0.963, p=0.004). We also observed that Prdx1 plasma concentration positively correlated with BMI, HSI, AST and ALT. Given these observations, combined with recent evidence which showed that the overexpression of Prdx1 induced by oxidative stress enhanced insulin resistance and the accumulation of lipid droplets in mouse’s HepG2 cells (6), we speculated that Prdx1 might be involved in inflammation, oxidative stress and liver fat deposition in NAFLD patients with obesity. However, this hypothesis could not be confirmed in this present study, and additional studies are needed for further clarification.

Of the complex factors in NAFLD (obesity, lipid metabolism disorders, genes, etc.), insulin resistance is the one that has changed most dramatically within one week after LSG. After one week following SG, HOMA-IR reduced significantly from 6.7 ± 11 to 3.0 ± 1.6 (p = 0.019) (3). In addition, a study that reported improved NAFLD with a low-calorie ketogenic diet (VLCKD) found that baseline insulin resistance was a positive independent predictor (r=0.414, p=0.009) of HSI reduction (58). Comparatively, a study of 4784 Chinese adults reported that TyG was a better predictor for NAFLD when compared with HOMA-IR (AUC=0.761) (59). Furthermore, we found that higher TyG was more likely to lead to NAFLD remission, suggesting that excessive insulin resistance might be strongly recommended as an indication of LSG intervention in NAFLD. The most likely reason was that insulin resistance was more significantly reversed in patients with higher baseline TyG, based on our correlation analysis, in which pre-surgical TyG showed a strong positive correlation with delta TyG (r=0.78, p< 0.001). Similarly, two five-year prospective studies found that patients with refractory insulin resistance had persistent obesity and steatosis after surgery (60, 61).

According to our findings, baseline TyG was an independent predictor of HSI remission at three months after LSG in NAFLD patients with obesity, and it is the first time that circulating Prdx1 is proposed as a promising biomarker to assess postoperative improvement of obesity and NAFLD. Significant insulin resistance remissions are more likely to occur in patients with higher TyG.

Despite the interesting and novel findings reported, our study had some limitations. First, the sample size was limited, even though we internally validated the predictive ability of the nomogram via bootstrapping (Supplementary Figure 1), and compared it with another prediction model which was built (Supplementary Figures 2, 3A) and validated (Supplementary Figures 3B–D) in all samples (n=93). Second, we used B-ultrasound results and surrogate parameters as a standard instead of histology in this study; thus, our prediction results might not perfectly match NAFLD remission assessed by pathological criteria. In addition, NASH is a severe complication of NAFLD, which might also be associated with fibrosis, cirrhosis and hepatocellular carcinoma. We could not assess the different pathological prognoses of NAFLD (non-alcoholic fatty liver and NASH) due to a lack of liver histology data in this study, even though HSI and ultrasonography were externally validated against liver biopsy or magnetic resonance spectroscopy (62).

In summary, TyG and Prdx1 were identified as important predictors of NAFLD remission, which could be used as an early non-invasive marker or as adjuncts to liver biopsy to confirm NAFLD remission. A future clinical follow-up study would provide further evidence for assessing the changes in TyG and Prdx1 over time in patients with NAFLD.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the Third Xiangya Hospital (Project identification code: R20047). The patients/participants provided their written informed consent to participate in this study.



Author contributions

All authors contributed to the conception and design of the study. XC, JM and ZF organized the database. XC, ZF, WX and LZ performed the statistical analysis. All authors wrote the first draft of the manuscript. All authors wrote sections of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the National Natural Science Foundation of China (No. 81873585, No. 82090020, No. 82090024, No. 82073918 and No. 82070070) and Natural Science Foundation of Hunan Province (No.2020SK2088, 2018JJ3835).



Acknowledgments

Thanks to all the peer reviewers and editors for their opinions and suggestions.



Conflict of interest

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



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.1072513/full#supplementary-material



References

1. Targher, G, Tilg, H, and Byrne, CD. Non-alcoholic fatty liver disease: A multisystem disease requiring a multidisciplinary and holistic approach. Lancet Gastroenterol Hepatol (2021) 6(7):578–88. doi: 10.1016/s2468-1253(21)00020-0

2. Cheung, A, Figueredo, C, and Rinella, ME. Nonalcoholic fatty liver disease: Identification and management of high-risk patients. Am J Gastroenterol (2019) 114(4):579–90. doi: 10.14309/ajg.0000000000000058

3. Hajifathalian, K, Mehta, A, Ang, B, Skaf, D, Shah, SL, Saumoy, M, et al. Improvement in insulin resistance and estimated hepatic steatosis and fibrosis after endoscopic sleeve gastroplasty. Gastroint endosc (2021) 93(5):1110–8. doi: 10.1016/j.gie.2020.08.023

4. Pareek, M, Schauer, PR, Kaplan, LM, Leiter, LA, Rubino, F, and Bhatt, DL. Metabolic surgery: Weight loss, diabetes, and beyond. J Am Coll Cardiol (2018) 71(6):670–87. doi: 10.1016/j.jacc.2017.12.014

5. Ray, PD, Huang, BW, and Tsuji, Y. Reactive oxygen species (Ros) homeostasis and redox regulation in cellular signaling. Cell signalling (2012) 24(5):981–90. doi: 10.1016/j.cellsig.2012.01.008

6. Tang, Z, Xia, N, Yuan, X, Zhu, X, Xu, G, Cui, S, et al. Prdx1 is involved in palmitate induced insulin resistance Via regulating the activity of P38mapk in Hepg2 cells. Biochem Biophys Res Commun (2015) 465(4):670–7. doi: 10.1016/j.bbrc.2015.08.008

7. Murri, M, Insenser, M, Bernal-Lopez, MR, Perez-Martinez, P, Escobar-Morreale, HF, and Tinahones, FJ. Proteomic analysis of visceral adipose tissue in pre-obese patients with type 2 diabetes. Mol Cell Endocrinol (2013) 376(1-2):99–106. doi: 10.1016/j.mce.2013.06.010

8. Wolf, G, Aumann, N, Michalska, M, Bast, A, Sonnemann, J, Beck, JF, et al. Peroxiredoxin iii protects pancreatic ß cells from apoptosis. J Endocrinol (2010) 207(2):163–75. doi: 10.1677/joe-09-0455

9. Ding, Y, Yamada, S, Wang, KY, Shimajiri, S, Guo, X, Tanimoto, A, et al. Overexpression of peroxiredoxin 4 protects against high-dose streptozotocin-induced diabetes by suppressing oxidative stress and cytokines in transgenic mice. Antioxidants Redox Signaling (2010) 13(10):1477–90. doi: 10.1089/ars.2010.3137

10. Arriga, R, Pacifici, F, Capuani, B, Coppola, A, Orlandi, A, Scioli, MG, et al. Peroxiredoxin 6 is a key antioxidant enzyme in modulating the link between glycemic and lipogenic metabolism. Oxid Med Cell Longevity (2019) 2019:9685607. doi: 10.1155/2019/9685607

11. Pacifici, F, Arriga, R, Sorice, GP, Capuani, B, Scioli, MG, Pastore, D, et al. Peroxiredoxin 6, a novel player in the pathogenesis of diabetes. Diabetes (2014) 63(10):3210–20. doi: 10.2337/db14-0144

12. Barceló-Batllori, S, Corominola, H, Claret, M, Canals, I, Guinovart, J, and Gomis, R. Target identification of the novel antiobesity agent tungstate in adipose tissue from obese rats. Proteomics (2005) 5(18):4927–35. doi: 10.1002/pmic.200500050

13. Abbasi, A, Corpeleijn, E, Postmus, D, Gansevoort, RT, de Jong, PE, Gans, RO, et al. Peroxiredoxin 4, a novel circulating biomarker for oxidative stress and the risk of incident cardiovascular disease and all-cause mortality. J Am Heart Assoc (2012) 1(5):e002956. doi: 10.1161/jaha.112.002956

14. Abbasi, A, Corpeleijn, E, Gansevoort, RT, Gans, RO, Struck, J, Schulte, J, et al. Circulating peroxiredoxin 4 and type 2 diabetes risk: The prevention of renal and vascular endstage disease (Prevend) study. Diabetologia (2014) 57(9):1842–9. doi: 10.1007/s00125-014-3278-9

15. Stancill, JS, and Corbett, JA. The role of Thioredoxin/Peroxiredoxin in the β-cell defense against oxidative damage. Front Endocrinol (2021) 12:718235. doi: 10.3389/fendo.2021.718235

16. Stancill, JS, Broniowska, KA, Oleson, BJ, Naatz, A, and Corbett, JA. Pancreatic β-cells detoxify H(2)O(2) through the Peroxiredoxin/Thioredoxin antioxidant system. J Biol Chem (2019) 294(13):4843–53. doi: 10.1074/jbc.RA118.006219

17. Zhang, Z, Ji, Z, He, J, Lu, Y, Tian, W, Zheng, C, et al. Guanine nucleotide-binding protein G(I) subunit alpha 2 exacerbates Nash progression by regulating peroxiredoxin 1-related inflammation and lipophagy. Hepatol (Baltimore Md) (2021) 74(6):3110–26. doi: 10.1002/hep.32078

18. El Eter, E, Al Masri, A, Habib, S, Al Zamil, H, Al Hersi, A, Al Hussein, F, et al. Novel links among peroxiredoxins, endothelial dysfunction, and severity of atherosclerosis in type 2 diabetic patients with peripheral atherosclerotic disease. Cell Stress chaperones (2014) 19(2):173–81. doi: 10.1007/s12192-013-0442-y

19. Min, Y, Kim, MJ, Lee, S, Chun, E, and Lee, KY. Inhibition of Traf6 ubiquitin-ligase activity by Prdx1 leads to inhibition of nfkb activation and autophagy activation. Autophagy (2018) 14(8):1347–58. doi: 10.1080/15548627.2018.1474995

20. Stancill, JS, Happ, JT, Broniowska, KA, Hogg, N, and Corbett, JA. Peroxiredoxin 1 plays a primary role in protecting pancreatic β-cells from hydrogen peroxide and peroxynitrite. Am J Physiol Regulatory Integr Comp Physiol (2020) 318(5):R1004–r13. doi: 10.1152/ajpregu.00011.2020

21. Yasmin, S, Cerchia, C, Badavath, VN, Laghezza, A, Dal Piaz, F, Mondal, SK, et al. A series of ferulic acid amides reveals unexpected peroxiredoxin 1 inhibitory activity with in vivo antidiabetic and hypolipidemic effects. ChemMedChem (2021) 16(3):484–98. doi: 10.1002/cmdc.202000564

22. Subba, R, Ahmad, MH, Ghosh, B, and Mondal, AC. Targeting Nrf2 in type 2 diabetes mellitus and depression: Efficacy of natural and synthetic compounds. European journal of pharmacology (2022) 925:174993. doi: 10.1016/j.ejphar.2022.174993

23. Jakobsen, GS, Småstuen, MC, Sandbu, R, Nordstrand, N, Hofsø, D, Lindberg, M, et al. Association of bariatric surgery vs medical obesity treatment with long-term medical complications and obesity-related comorbidities. Jama (2018) 319(3):291–301. doi: 10.1001/jama.2017.21055

24. Chalasani, N, Younossi, Z, Lavine, JE, Diehl, AM, Brunt, EM, Cusi, K, et al. The diagnosis and management of non-alcoholic fatty liver disease: Practice guideline by the American association for the study of liver diseases, American college of gastroenterology, and the American gastroenterological association. Am J Gastroenterol (2012) 107(6):811–26. doi: 10.1038/ajg.2012.128

25. Rizzello, M, Abbatini, F, Casella, G, Alessandri, G, Fantini, A, Leonetti, F, et al. Early postoperative insulin-resistance changes after sleeve gastrectomy. Obes Surg (2010) 20(1):50–5. doi: 10.1007/s11695-009-0017-2

26. Immonen, H, Hannukainen, JC, Kudomi, N, Pihlajamäki, J, Saunavaara, V, Laine, J, et al. Increased liver fatty acid uptake is partly reversed and liver fat content normalized after bariatric surgery. Diabetes Care (2018) 41(2):368–71. doi: 10.2337/dc17-0738

27. Brunner, KT, Henneberg, CJ, Wilechansky, RM, and Long, MT. Nonalcoholic fatty liver disease and obesity treatment. Curr Obes Rep (2019) 8(3):220–8. doi: 10.1007/s13679-019-00345-1

28. Chalasani, N, Younossi, Z, Lavine, JE, Charlton, M, Cusi, K, Rinella, M, et al. The diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the American association for the study of liver diseases. Hepatol (Baltimore Md) (2018) 67(1):328–57. doi: 10.1002/hep.29367

29. Grönroos, S, Helmiö, M, Juuti, A, Tiusanen, R, Hurme, S, Löyttyniemi, E, et al. Effect of laparoscopic sleeve gastrectomy vs roux-En-Y gastric bypass on weight loss and quality of life at 7 years in patients with morbid obesity: The sleevepass randomized clinical trial. JAMA Surg (2021) 156(2):137–46. doi: 10.1001/jamasurg.2020.5666

30. Kalinowski, P, Paluszkiewicz, R, Ziarkiewicz-Wróblewska, B, Wróblewski, T, Remiszewski, P, Grodzicki, M, et al. Liver function in patients with nonalcoholic fatty liver disease randomized to roux-En-Y gastric bypass versus sleeve gastrectomy: A secondary analysis of a randomized clinical trial. Ann Surg (2017) 266(5):738–45. doi: 10.1097/sla.0000000000002397

31. Billeter, AT, Senft, J, Gotthardt, D, Knefeli, P, Nickel, F, Schulte, T, et al. Combined non-alcoholic fatty liver disease and type 2 diabetes mellitus: Sleeve gastrectomy or gastric bypass?-a controlled matched pair study of 34 patients. Obes Surg (2016) 26(8):1867–74. doi: 10.1007/s11695-015-2006-y

32. Bhandari, M, Fobi, MAL, and Buchwald, JN. Standardization of bariatric metabolic procedures: World consensus meeting statement. Obes Surg (2019) 29(Suppl 4):309–45. doi: 10.1007/s11695-019-04032-x

33. Yu, Z, Li, W, Sun, X, Tang, H, Li, P, Ji, G, et al. Predictors of type 2 diabetes mellitus remission after metabolic surgery in Asian patients with a bmi< 32.5 Kg/M(2). Obes Surg (2021) 31(9):4125–33. doi: 10.1007/s11695-021-05544-1

34. Kwo, PY, Cohen, SM, and Lim, JK. Acg clinical guideline: Evaluation of abnormal liver chemistries. Am J Gastroenterol (2017) 112(1):18–35. doi: 10.1038/ajg.2016.517

35. Shah, AG, Lydecker, A, Murray, K, Tetri, BN, Contos, MJ, and Sanyal, AJ. Comparison of noninvasive markers of fibrosis in patients with nonalcoholic fatty liver disease. Clin Gastroenterol hepatol: Off Clin Pract J Am Gastroenterol Assoc (2009) 7(10):1104–12. doi: 10.1016/j.cgh.2009.05.033

36. Zhou, M, Zhu, L, Cui, X, Feng, L, Zhao, X, He, S, et al. The triglyceride to high-density lipoprotein cholesterol (Tg/Hdl-c) ratio as a predictor of insulin resistance but not of β cell function in a Chinese population with different glucose tolerance status. Lipids Health Dis (2016) 15:104. doi: 10.1186/s12944-016-0270-z

37. Jang, JY, Moon, S, Cho, S, Cho, KH, and Oh, CM. Visit-to-Visit Hba1c and glucose variability and the risks of macrovascular and microvascular events in the general population. Sci Rep (2019) 9(1):1374. doi: 10.1038/s41598-018-37834-7

38. Yu, X, Wang, L, Zhang, W, Ming, J, Jia, A, Xu, S, et al. Fasting triglycerides and glucose index is more suitable for the identification of metabolically unhealthy individuals in the Chinese adult population: A nationwide study. J Diabetes Invest (2019) 10(4):1050–8. doi: 10.1111/jdi.12975

39. Wu, Y. Overweight and obesity in China. BMJ (2006) 333(7564):362–3. doi: 10.1136/bmj.333.7564.362

40. Hedjoudje, A, Abu Dayyeh, BK, Cheskin, LJ, Adam, A, Neto, MG, Badurdeen, D, et al. Efficacy and safety of endoscopic sleeve gastroplasty: A systematic review and meta-analysis. Clin Gastroenterol hepatol: Off Clin Pract J Am Gastroenterol Assoc (2020) 18(5):1043–53.e4. doi: 10.1016/j.cgh.2019.08.022

41. Guo, JY, Chen, HH, Lee, WJ, Chen, SC, Lee, SD, and Chen, CY. Fibroblast growth factor 19 and fibroblast growth factor 21 regulation in obese diabetics, and non-alcoholic fatty liver disease after gastric bypass. Nutrients (2022) 14(3):645. doi: 10.3390/nu14030645

42. Sviklāne, L, Olmane, E, Dzērve, Z, Kupčs, K, Pīrāgs, V, and Sokolovska, J. Fatty liver index and hepatic steatosis index for prediction of non-alcoholic fatty liver disease in type 1 diabetes. J Gastroenterol Hepatol (2018) 33(1):270–6. doi: 10.1111/jgh.13814

43. Wölnerhanssen, BK, Peterli, R, Hurme, S, Bueter, M, Helmiö, M, Juuti, A, et al. Laparoscopic roux-En-Y gastric bypass versus laparoscopic sleeve gastrectomy: 5-year outcomes of merged data from two randomized clinical trials (Sleevepass and Sm-boss). Br J Surg (2021) 108(1):49–57. doi: 10.1093/bjs/znaa011

44. Seeberg, KA, Borgeraas, H, Hofsø, D, Småstuen, MC, Kvan, NP, Grimnes, JO, et al. Gastric bypass versus sleeve gastrectomy in type 2 diabetes: Effects on hepatic steatosis and fibrosis: A randomized controlled trial. Ann Internal Med (2022) 175(1):74–83. doi: 10.7326/m21-1962

45. Kwon, Y, Jang, M, Lee, Y, Ha, J, and Park, S. Metabolomic analysis of the improvements in insulin secretion and resistance after sleeve gastrectomy: Implications of the novel biomarkers. Obes Surg (2021) 31(1):43–52. doi: 10.1007/s11695-020-04925-2

46. Yip, S, Plank, LD, and Murphy, R. Gastric bypass and sleeve gastrectomy for type 2 diabetes: A systematic review and meta-analysis of outcomes. Obes Surg (2013) 23(12):1994–2003. doi: 10.1007/s11695-013-1030-z

47. Lefere, S, Onghena, L, Vanlander, A, van Nieuwenhove, Y, Devisscher, L, and Geerts, A. Bariatric surgery and the liver-mechanisms, benefits, and risks. Obes reviews: an Off J Int Assoc Study Obes (2021) 22(9):e13294. doi: 10.1111/obr.13294

48. Aldoheyan, T, Hassanain, M, Al-Mulhim, A, Al-Sabhan, A, Al-Amro, S, Bamehriz, F, et al. The effects of bariatric surgeries on nonalcoholic fatty liver disease. Surg endosc (2017) 31(3):1142–7. doi: 10.1007/s00464-016-5082-8

49. Mathurin, P, Gonzalez, F, Kerdraon, O, Leteurtre, E, Arnalsteen, L, Hollebecque, A, et al. The evolution of severe steatosis after bariatric surgery is related to insulin resistance. Gastroenterology (2006) 130(6):1617–24. doi: 10.1053/j.gastro.2006.02.024

50. Musso, G, Gambino, R, Cassader, M, and Pagano, G. Meta-analysis: Natural history of non-alcoholic fatty liver disease (Nafld) and diagnostic accuracy of non-invasive tests for liver disease severity. Ann Med (2011) 43(8):617–49. doi: 10.3109/07853890.2010.518623

51. Kotronen, A, Peltonen, M, Hakkarainen, A, Sevastianova, K, Bergholm, R, Johansson, LM, et al. Prediction of non-alcoholic fatty liver disease and liver fat using metabolic and genetic factors. Gastroenterology (2009) 137(3):865–72. doi: 10.1053/j.gastro.2009.06.005

52. Martínez-Urbistondo, D, San Cristóbal, R, Villares, P, Martínez-González, M, Babio, N, Corella, D, et al. Role of nafld on the health related qol response to lifestyle in patients with metabolic syndrome: The predimed plus cohort. Front Endocrinol (2022) 13:868795. doi: 10.3389/fendo.2022.868795

53. Zhao, J, Jiang, Y, Qian, J, Qian, Z, Yang, H, Shi, W, et al. A nomogram model based on the combination of the systemic immune-inflammation index and prognostic nutritional index predicts weight regain after laparoscopic sleeve gastrectomy. Surg Obes related diseases: Off J Am Soc Bariatric Surg (2022). doi: 10.1016/j.soard.2022.07.014

54. He, Y, Li, S, Tang, D, Peng, Y, Meng, J, Peng, S, et al. Circulating peroxiredoxin-1 is a novel damage-associated molecular pattern and aggravates acute liver injury Via promoting inflammation. Free Radical Biol Med (2019) 137:24–36. doi: 10.1016/j.freeradbiomed.2019.04.012

55. Checconi, P, Salzano, S, Bowler, L, Mullen, L, Mengozzi, M, Hanschmann, EM, et al. Redox proteomics of the inflammatory secretome identifies a common set of redoxins and other glutathionylated proteins released in inflammation, influenza virus infection and oxidative stress. PloS One (2015) 10(5):e0127086. doi: 10.1371/journal.pone.0127086

56. Dorey, A, Cwiklinski, K, Rooney, J, De Marco Verissimo, C, López Corrales, J, Jewhurst, H, et al. Autonomous non antioxidant roles for fasciola hepatica secreted thioredoxin-1 and peroxiredoxin-1. Front Cell infect Microbiol (2021) 11:667272. doi: 10.3389/fcimb.2021.667272

57. Mullen, L, Hanschmann, EM, Lillig, CH, Herzenberg, LA, and Ghezzi, P. Cysteine oxidation targets peroxiredoxins 1 and 2 for exosomal release through a novel mechanism of redox-dependent secretion. Mol Med (2015) 21(1):98–108. doi: 10.2119/molmed.2015.00033

58. Watanabe, M, Risi, R, Camajani, E, Contini, S, Persichetti, A, Tuccinardi, D, et al. Baseline homa ir and circulating Fgf21 levels predict nafld improvement in patients undergoing a low carbohydrate dietary intervention for weight loss: A prospective observational pilot study. Nutrients (2020) 12(7):2141. doi: 10.3390/nu12072141

59. Guo, W, Lu, J, Qin, P, Li, X, Zhu, W, Wu, J, et al. The triglyceride-glucose index is associated with the severity of hepatic steatosis and the presence of liver fibrosis in non-alcoholic fatty liver disease: A cross-sectional study in Chinese adults. Lipids Health Dis (2020) 19(1):218. doi: 10.1186/s12944-020-01393-6

60. Russo, MF, Lembo, E, Mari, A, Angelini, G, Verrastro, O, Nanni, G, et al. Insulin resistance is central to long-term reversal of histologic nonalcoholic steatohepatitis after metabolic surgery. J Clin Endocrinol Metab (2021) 106(3):750–61. doi: 10.1210/clinem/dgaa892

61. Mathurin, P, Hollebecque, A, Arnalsteen, L, Buob, D, Leteurtre, E, Caiazzo, R, et al. Prospective study of the long-term effects of bariatric surgery on liver injury in patients without advanced disease. Gastroenterology (2009) 137(2):532–40. doi: 10.1053/j.gastro.2009.04.052

62. Stern, C, and Castera, L. Non-invasive diagnosis of hepatic steatosis. Hepatol Int (2017) 11(1):70–8. doi: 10.1007/s12072-016-9772-z


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

Copyright © 2022 Cheng, Fu, Xie, Zhu and Meng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-1072513-g005.jpg
Sensitivity
04

08 1.0

0.6

0.2

0.0

AUC: 0.891

T
0.0

T
0.2

T T T T
04 06 08 10

1 - Specificity

Sensitivity

0.4

1.0

0.8

0.6

0.2

0.0

AUC: 0.872

T
0.0

T
0.2

T T
04 06

1 - Specificity

T T
08 1.0






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Preoperative circulating peroxiredoxin 1 levels as a predictor of non-alcoholic fatty liver disease remission after laparoscopic bariatric surgery

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study design and patients

          



          		

            2.2 The data, calculated index and definition

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Characteristics of the NAFLD at baseline and surgical outcomes

          



          		

            3.2 Preoperative and postoperative circulating Prdx1 Levels in NAFLD patients with obesity

          



          		

            3.3 Identifying independent influencing factors

          



          		

            3.4 Predictive model construction, validation and evaluation

          



          		

            3.5 Correlation analysis

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-13-1072513-g001.jpg
Patients with HSI > 36 and diagnosis of severe/moderate NALFD
aged 18-65 years
with indications for LSG (n=107)

Exclusion criteria:
missing postoperative serum samples or
incomplete postoperative data (n=2)
lost to follow-up (n=10)
RYGB surgery was performed (n=2)

Primary cohort (n=65) Validation cohort (n=28)

3 months after LSG 3 months after LSG

NAFLD-S group (n=18)

NAFLD-I group (n=22) NAFLD-S group (n=43) [ NAFLD-I group (n=10) ]

LASSO regression

Family="binomial”
Type.measure=deviance

Logistic regression

Model establishment

calibration curve
hosmer-lemeshow test

Model validation






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-1072513-g003.jpg
>

Coefficients

Log Lambda

13 13 9 2
T T T T
-8 6 -4 2

Binomial Deviance

123456738

29 29 29 29 28 28 23 178 9 3 0

Log Lambda






OEBPS/Images/table2.jpg
93) Pos

Pre-operation peratiol 93) Z valu p value

HSI 51.23(46.56-58.49) 39.89 (35.21-46.09) -8.228 0.000%*
BMI 37.16 (34.17-42.70) 29.71(26.03-34.82) -7.604 0.000**
Weight 100.30 (90.65-118.15) 80.00 (69.90-97.20) -7.494 0.000**
Waistline 114.00 (104.00-128.00) 105.50 (88.00-141.00) -1.444 0.149
Hip circumference 119.00 (112.00-127.00) 104.00 (94.00-113.00) -7.747 0.000%*
WBC 7.73 (6.42-8.99) 6.64 (5.62-7.95) -5.304 0.000**
NE% 60.25 (56.10-66.43) 56.70 (50.90-61.80) -4.062 0.000**
LY% 29.75 (25.00-35.23) 34.60 (29.60-39.40) -4.728 0.000%*
NLR 2.01 (1.62-2.65) 1.63 (1.27-2.08) -4.507 0.000**
Platelet 285.00 (242.50-325.50) 268.00 (237.75-319.00) -2.060 0.039*
HOMA-IR 6.71 (4.86-12.80) 2.98 (1.93-4.27) -8.236 0.000%*
QUICKI 0.46 (0.41-0.49) 1.47 (1.31-1.69) -8.339 0.000**
TyG 8.93 (8.64-9.58) 8.58 (8.28-8.88) -5.977 0.000**
ALT 40.00 (26.00-68.00) 16.00 (12.00-26.50) -8.073 0.000%*
AST 28.00 (21.00-40.00) 18.00 (15.00-24.50) -7.153 0.000**
TG 1.67 (1.30-2.47) 1.35 (0.99-1.71) -5.363 0.000%*
TC 5.00 (4.40-5.64) 4.43 (4.04-5.38) -2.445 0.015*
LDL 2.96 (2.29-3.49) 2.99 (2.55-3.62) -1.496 0.135
HDL 1.07 (0.97-1.17) 1.03 (2.55-3.62) -1.993 0.046*
UA 445.00 (368.00-506.00) 379.00 (322.00-444.00) -4.832 0.000**
NFS -1.73 (-2.47-0.00) -1.89 (-2.76- -0.62) -1.316 0.188
F4 0.48 (0.35-0.63) 0.51 (0.35-0.67) -5.121 0.609

*p<0.05, **p<0.001.
HSI, hepatic steatosis index; BMI, body mass index; WBC, white blood cell; NE%, neutrophil percentage; LY%, lymphocytes percentage; NLR, lymphocyte ratio; HOMA-IR, the
homeostasis model assessment of insulin resistance; QUICKI, quantitative insulin sensitivity check index; TyG, triglyceride-glucose index; ALT, alanine transaminase; AST, aspartate
transaminase; TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; UA, uric acid; NES, non-alcoholic fatty liver disease fibrosis score; F,
fibrosis 4 score.





OEBPS/Images/fendo-13-1072513-g007.jpg
Net Benefit

0.00

0.25 0.50
Risk Threshold

0.75

~ Nomogram
== Al
= None

1.00

Net Benefit

0.44

0.00

025 0.50
Risk Threshold

0.75

~ Nomogram
== Al
=~ None





OEBPS/Images/table4.jpg
Variables .E. 95%Cl for Exp(B)

(2.5%)
TyG 2.105 . 7.969 0.005 8.207 1.903
Circulating Prdx1 -0.120 . 8.075 0.004 0.887 0.816
HSI | -0.150 . I 6.125 0.013 0.861 0.765

NAFLD-1, non-alcoholic fatty liver disease improvement; TyG, triglyceride-glucose index; Prdx1, Peroxiredoxin 1.

(97.5%)
35.394
0.963

0.969





OEBPS/Images/table3.jpg
Control cohort (

Age (year) 28 (24-33.5) 32 (24-37.75) 0.261 32 (23.5-41.5)
Male (%) 20 (30.77) 9 (32.14) 0.896 22 (38.60)
T2DM (%) 21(32.31) 10(35.71) 0.749 » 0

‘ NAFLD-I (%) 22(33.8) 10 (35.71) 0.862 -
BMI 36.88(34.27-42.99) 37.75(33.20-41.52) 0.821 21.49(20.19-23.32)
‘Weight 100.30(90.30-122.20) 100.30(92.23-112.10) 0.666 57.80 (53.40-62.50)
HOMA-IR 7.22(5.20-12.80) 6.12(3.76-13.68) 0.197 2.39(2.19-2.77)

‘ QUICKI 0.45(0.41-0.48) 0.47(0.40-0.52) 0.197 0.33(0.32-0.34)

‘ TyG 8.93(8.55-9.57) 8.91(8.76-9.64) 0.431 7.92(7.64-8.14)
HSI 51.23(41.56-58.94) 51.34(46.17-56.53) 0.776 29.08(27.48-31.60)
Prdx1 25.32(17.75-34.01) 26.60(18.89-32.02) 0.688 12.38 (8.370-15.71)

T2DM, diabetes mellitus type 2; NAFLD-I, hepatic steatosis index improvement; BMI, body mass index; HOMA-IR, the homeostasis model assessment of insulin resistance; QUICKI,
quantitative insulin sensitivity check index; TyG, triglyceride-glucose index.





OEBPS/Images/fendo-13-1072513-g004.jpg
A B

o 1 = W o o & W W % 10 fit Irm
i Do T i o el Ui 3 o

Points Points ¢ 3 w® @ _ s & T % s 10
Pre-TyG r T T T T T T T T 1 pre-HSI*

75 8 85 9 o5 10 105 " 1s 12 80 75 70 65 60 55 50 45 40 35
[ — re-TyG** BUALVVAYNE

@ 75 70 6 6 55 S 45 40 % pre-1y 75 @5 B 105 s
Pre-Prdx!  —r—r—r—r—r—r—r—1—r—1—— A/\/\'\/V\//\\/.y\

G5 60 55 50 45 40 35 %0 2 20 16 10 5 Prdx1**

65 60 55 50 45 40 35 30 25 20 15 10 5

Total Points ey .

0 20 4 6 8 100 120 140 160 180 200 220 240 Total points

NAFLD-I 80 200 230
0001 001 0.103050709095099 099

Pr() 0.969
0002 0008 003 045 05 085 036 089 0998






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-13-1072513-g002.jpg
The concentration of circulating Prdx1 (ng/mL)

60 A

40 1

20 1

T
Control
(n=57)

T
Before LSG
(n=93)

T
1 m after LSG
(n=33)





OEBPS/Images/fendo-13-1072513-g006.jpg
1.0

0.8

06

04

02

0.0

o

Dxy 0782 -7 bxy 0.756
C(ROC) 0891 C(ROC) 0878
R2 0557 R2 0.502
D 0.499 D 0.420
u -0.031 u -0.036
Q 0.530 24 Q 0.456
Brier 0.131 Brier 0.129
Intercept  0.000 Intercept  -0.313
Slope  1.000 Slope 0.698
Emax 0162 = Emax 0.104
E90 0.092 3 E90 0.097
Eavg 0.048 Ed 2 Eavg 0.039
sz 0.320 ° Sz 0.681
sp 0749 T sp 0.496

©

2

S

< 3

Ideal Ideal
—— Logistic calibration —— Logistic calibration
Nonparametric ~ Nonparametric
o
1H||| |\||| \ I|II}II\IIHI v L |‘ s [ I
T T T T T T T T T T T T
00 02 04 06 08 10
00 02 04 06 08 1.0

Predicted Probability

Predicted Probability






OEBPS/Images/table1.jpg
Threshold References

NAFLD
HST HSI = 8 x (ALT/AST) + BMI (+2, if female; +2 if diabetes) >36 (34)
NES NFS = 1.675 + (0.037 x age) + (0.094 x BMI)+ <-1.455:F0-F2: (34)
-1.455 to 0.675: Uncertain
(113 x  diabetes [YES = LNO = 0)) + (099 x 45%)- 50.675: F3-F4
(0.013x PLT) x (0.66 x albumin)
F4 F4 = (age x AST)/(PLT x VALT) <1.3: FO-F2: (35)
<2.67: F3-F4
V IR
HOMA-IR HOMA-IR = FPG x FINS/22.5 <2.69 (36)
QUICKI QUICKI = 1/(Log FPG + Log FINS) <0.339 37)
TyG TyG = Ln [TG x FINS/2] Male>8.81,Female> 8.73 (38)
Weight loss
BMI BMI = weight/height 2 > 28 kg/m™: obesity (39)
%TBWL %TBWL = [(initial weight)- (postop weight)]/[(initial weight)] x 100) - (40)
%EWL %EWL = (initial weight — postoperative weight)/(initial weight - ideal weight for BMI of 25 x 100 - (29)

HSI, hepatic steatosis index; NFS, non-alcoholic fatty liver disease fibrosis score; F4, fibrosis 4 score, HOMA-IR, the homeostasis model assessment of insulin resistance; QUICKI,
quantitative insulin sensitivity check index; TyG, triglyceride-glucose index; BMI, body mass index; %TBWL, percentage total body weight loss; %EWL, percentage excess weight loss.
Age: year; PLT: x10A9; albumin: g/dL; AST and ALT: U/L; FPG: mmol/L; FINS: uU/mL; TG: mg/dL; FINS: mg/dl; weight: kg; height: m.
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