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Objective

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and sodium-glucose cotransporter-2 (SGLT-2) inhibitors reduce glycaemia and weight and improve insulin resistance (IR) via different mechanisms. We aim to evaluate and compare the ability of GLP-1 RAs and SGLT-2 inhibitors to ameliorate the IR of nonalcoholic fatty liver disease (NAFLD) patients.



Data Synthesis

Three electronic databases (Medline, Embase, PubMed) were searched from inception until March 2021. We selected randomized controlled trials comparing GLP-1 RAs and SGLT-2 inhibitors with control in adult NAFLD patients with or without T2DM. Network meta-analyses were performed using fixed and random effect models, and the mean difference (MD) with corresponding 95% confidence intervals (CI) were determined. The within-study risk of bias was assessed with the Cochrane collaborative risk assessment tool RoB.



Results

25 studies with 1595 patients were included in this network meta-analysis. Among them, there were 448 patients, in 6 studies, who were not comorbid with T2DM. Following a mean treatment duration of 28.86 weeks, compared with the control group, GLP-1 RAs decreased the HOMA-IR (MD [95%CI]; -1.573[-2.523 to -0.495]), visceral fat (-0.637[-0.992 to -0.284]), weight (-2.394[-4.625 to -0.164]), fasting blood sugar (-0.662[-1.377 to -0.021]) and triglyceride (- 0.610[-1.056 to -0.188]). On the basis of existing studies, SGLT-2 inhibitors showed no statistically significant improvement in the above indicators. Compared with SGLT-2 inhibitors, GLP-1 RAs decreased visceral fat (-0.560[-0.961 to -0.131]) and triglyceride (-0.607[-1.095 to -0.117]) significantly.



Conclusions

GLP-1 RAs effectively improve IR in NAFLD, whereas SGLT-2 inhibitors show no apparent effect.



Systematic Review Registration

PROSPERO https://www.crd.york.ac.uk/PROSPERO/, CRD42021251704
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1 Introduction

Nonalcoholic fatty liver disease (NAFLD) is a chronic metabolic liver disease characterized by increased lipid accumulation in hepatocytes but is not caused by clear causes related to alcohol consumption. NAFLD is often associated with central obesity, insulin resistance (IR) and in general with some symptoms of metabolic syndrome (1, 2).The global prevalence rate of NAFLD is 25%, and it is one of the most common chronic liver diseases in the world (3). Its clinical features are liver triglyceride (TG) accumulation and IR. TG in the liver is synthesized from fatty acyl-CoA. The concentration of fatty acyl-CoA is determined by the balance between the formation of fatty acids (circulating free fatty acids, de novo lipogenesis, TG decomposition) and utilization (lipid synthesis, β-oxidation) (4, 5). When IR occurs, the lipolysis of white lipids increases, and the synthesis of lipids decreases (6). At the same time, with the decrease in glucose utilization by skeletal muscle, more fatty acyl-CoA produced by glucose metabolism turns to de novo lipogenesis (7), which increases the accumulation of liver TG and even transforms into lipotoxic substances such as long-chain fatty acids, ceramides, and diacylglycerols, resulting in inflammation, endoplasmic reticulum stress, liver fibrosis and hepatocyte apoptosis (5). In short, IR increases the accumulation of lipids in the liver, leading to NAFLD occurrence and development.

For IR, GLP-1 RAs and SGLT-2 inhibitors show satisfactory efficacy in patients with type 2 diabetes mellitus (T2DM), has and have been recommended by experts from many associations (8–10). GLP-1 RAs can reduce oxidative stress (11, 12), inflammation (13), and endoplasmic reticulum stress (14), improve β-cell function (14, 15) and enhance insulin sensitivity (16–18). SGLT-2 inhibitors act on the sodium-glucose cotransporter in renal tubules to inhibit the reabsorption of glucose in renal tubules, reduce blood glucose and alleviate the effects of hyperglycemia on β-cells and IR (19–24). There are a considerable number of studies that have already compared GLP-1 RAs and SGLT-2 inhibitors in T2DM patients on variety outcomes, such as in the PIONEER-2 and SUSTAIN-8 trials, which found that similitude is superior to empagliflozin and canagliflozin in reducing HbA1c and body weight at week 52, respectively (2, 25).

At present, there is no recognized drug treatment for NAFLD (26–29), but as a metabolic disease, GLP-1 RAs and SGLT-2 inhibitors should have significant effects on IR and seem to be appropriate choices. Several studies have used GLP-1 RAs and SGLT-2 inhibitors in the treatment of NAFLD, but no study have directly compared their effects. Therefore, we conducted this systematic review and network meta-analysis to comprehensively evaluate and compare the abilities of GLP-1 RAs and SGLT-2 inhibitors to ameliorate IR in patients with NAFLD.



2 Methods


2.1 Agreement to Register

We registered the protocol for this system review at PROSPERO (CRD42021251704).



2.2 Search Strategy

The study team co-designed a literature search strategy to search for randomized controlled trials (RCTs) published up to March 01, 2021, in Embase, Medline, and PubMed with language limited to English (Appendix 1). In addition, we screened references in the included articles to look for other potential studies.



2.3 Study Selection

Two reviewers, working independently, screened citations and evaluated the full text of eligible studies. A third reviewer resolved disagreements by consensus.


2.3.1 Eligibility Criteria

Inclusion criteria were defined using the ‘Patients, interventions, comparators, outcomes, study designs, timeframe’ (PICOST) framework, as follows:


2.3.1.1 Patients

NAFLD Patients with or without T2DM, age ≥ 18.



2.3.1.2 Interventions

Antidiabetic drugs, including GLP-1 RAs, SGLT-2 inhibitors, thiazolidinediones (TZDs), dipeptidyl peptidase (DPP-4), sulfonylureas (SUs), and metformin.



2.3.1.3 Comparators

Control group including Placebo, standard care or another antidiabetic mentioned in interventions. All treatments should be given alone and not in combination with any other antidiabetic drugs mentioned in interventions.



2.3.1.4 Outcomes

The main results of this review are based on IR-related indicators that show the degree of IR (direct indicators of IR) or influence IR (indirect indicators of IR): 1) the direct indicator of IR was the homoeostasis model assessment of insulin resistance (HOMA-IR) index; 2) the indirect indicators were adipose tissue, such as subcutaneous fat (SAT), visceral fat (VAT), weight and body mass index (BMI), and adipokines, including leptin and adiponectin. Secondary outcomes were IR-related laboratory measurements, including: 1) glycolipid metabolism, such as fasting blood sugar (FBS), total cholesterol (TC), TG, high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL); 2) systolic blood pressure (SBP) and diastolic blood pressure (DBP); and 3) liver enzymes aspartate aminotransferase (AST) and alanine transaminase (ALT).



2.3.1.5 Study Design

RCTs reporting the mean and standard deviation of outcome indicators after interventions.



2.3.1.6 Timeframe

The duration of treatment should be longer than two months.




2.3.2 Other Limitation

First, the language of the publications was limited to English. Second, for studies whose results were reported in multiple publications, we excluded publications presenting duplicate data and included the publications reporting the most complete data from any study. Third, studies under the risk of low-quality (retracted, terminated and impact factor less than 1 point) were excluded. Finally, studies were excluded if the data could not be extracted.




2.4 Data Extraction

For each eligible study, two reviewers independently extracted the following: study characteristics (study registration number, year of publication, country or countries, funding, duration), population (setting, sample size, patient demographics, whether subjects had coexisting T2DM), intervention description (drug class, name, dose, presence or absence of lifestyle intervention, and specific type of lifestyle intervention) and results. For outcome indicators, the mean and standard deviation after intervention of each study were extracted. Reviewers resolved disagreements by discussion or, if necessary, consultation with a third reviewer.



2.5 Risk of Bias Assessment

The risk of bias was assessed by two reviewers independently using the Cochrane collaborative risk assessment tool RoB (30). The tool is used to determine the risk of bias in randomized trials, including seven dimensions of sources, six types of bias risk: selection bias (random sequence generation and allocation concealment), performance bias (blinding of participants and personnel), detection bias (blinding of outcome assessment), attrition bias (incomplete outcome data), reporting bias (selective reporting) and other bias (funding sources, etc.) (30). Each risk of bias evaluation dimension had three classifications: low, unclear, or high.

If the random sequence was generated correctly and hidden, the risk of selection bias was considered to be low. The risk of performance bias was deemed to be low if participants were blinded as well as those administering the treatment. If the outcome evaluator was blinded, or the outcome indicators were not influenced by evaluator subjectivity, the risk of detection bias was considered to be low. The risk of attrition bias was considered to be low if there was no missing data, or the number and cause of missing data were similar between groups, the missing data was not sufficient to affect the effect size of treatment, and the missing values are handled properly. The risk of reporting bias was required to determine whether an outcome was selectively reported by comparison of protocols and research reports.



2.6 Statistical Analysis

A network meta-analysis was conducted within a Bayesian framework to assess the relative effects of GLP-1 RAs and SGLT-2 inhibitors. ADDIS1.16.6 and R-3.6.2 software were used for data analysis, STATA.16 software was used to draw the network evidence graph, and risk of bias graphs were drawn by RevMan 5.3 software.

Because the outcome index was continuous variables, the mean difference (MD) and associated 95% confidence interval (95% CI) was used as the index for effect size of treatment. In this study, a network meta-analysis was conducted within a Bayesian framework to compare six hypoglycemic agents, especially to assess the relative effectiveness of GLP-1 RAs and SGLT-2 inhibitors for NAFLD.

All outcomes were analyzed by using the consistency model and the inconsistency model, the overall heterogeneity was compared based on the differences in deviance information criteria and I2. If the difference of deviance information criteria between the two models was ≥ 5, the inconsistency model was used. Both a fixed effect (FE) model and a random effect (RE) model were run for each result, and a more appropriate model based on the deviance information criteria, mean posterior residences, and I2 was chosen.

The Markov Chain Monte Carlo method was used to estimate the posterior densities of all unknown parameters in each model. Four Markov chains were initially set for simulation with 50,000 iterations, and the first 10,000 anneals were used for eliminating the effects of the initial values. The potential scale reduction factor (PSRF) was calculated to diagnose the degree of the model’s convergence. A PSRF ≥ 1.2 would indicate that the current simulation times were insufficient to achieve good convergence and more iterations were needed, a PSRF < 1.2 would indicate that convergence has been achieved, and a PSRF value close to 1 would indicate the model achieved good convergence.

The included studies were tested for consistency and inconsistency. We used node splitting approaches to assess the agreement between direct and indirect estimates in every closed loop of evidence, and a P > 0.05 was considered to indicate good consistency, whereas a P≤ 0.05 was considered to indicate inconsistency. If there was evidence of material inconsistency, the specific reasons were identified by reviewing the corresponding study with further analysis.

The rank probability of each treatment was estimated by the surface under the cumulative sorting curve (SUCRA) (31). SUCRA is a percentage interpreted as the probability of a treatment that is the most effective without uncertainty on the outcome, which is equal to 1 or 0 when the treatment is certain to be the best or the worst, respectively.




3 Results


3.1 Description of the Included Studies

The electronic search yielded 586 unique records. Screening and full-text article analysis identified 25 trials with 1595 patients (Figure 1) (Appendix 2) comparing the effects of 6 glucose-lowering drugs (GLP-1 RAs, DPP-4, SGLT-2 inhibitors, TZDs, SUs, and metformin) with placebo or standard care on IR in patients with NAFLD. The median trial mean age was 52 years, the median baseline FBS was 7.66mmol/L and the mean treatment duration was 28.86 weeks. Figure 2 shows the treatment comparison network from the included studies. The sample sizes ranged from 12 to 162. Of the 25 studies, 13 studies indicated active lifestyle interventions, 1 showed no lifestyle intervention, and the other 11 studies did not specify whether or not they had a lifestyle intervention. In addition, 6 studies had patients with NAFLD alone without T2DM, 16 studies had patients with NAFLD and T2DM, 1 study had T2DM or impaired glucose tolerance and 2 studies did not report whether or not their patients had comorbid T2DM (Figure 1).




Figure 1 | Flow diagram for the study selection.






Figure 2 | Network plot of trials evaluating glucose-lowering drugs for NAFLD. The network shows the number of participants assigned to each glucose-lowering class, and the size of each circle is proportional to the number of participants randomly assigned to treatment (sample size per drug in parentheses). The thickness of the line is proportional to the number of trials between the corresponding drugs. Compared with placebo, the most commonly compared drugs were TZDs. DPP-4=Dipeptidyl peptidase-4 inhibitors; GLP-1 RAs=Glucagon-like peptide-1 receptor agonists; SGLT-2 inhibitors=Sodium-glucose cotransporter-2 inhibitors; SUs=Sulfonylureas; TZDs=Thiazolidinediones.





3.2 Risk of Bias

Appendix 3 presents the risk of bias and the reasons for its determination in each trial. The key limitation was low levels of reported blinding of participants and personnel because the GLP-1 RAs were mainly administered by injection and could not be blinded. Of the 25 trials, for selection bias, 17 trials (68%) were at low risk of bias in random sequence generation, 14 trials (56%) were at low risk of bias in allocation concealment, and 11 trials (44%) were at low risk in performance bias. The outcome indicators in this analysis were all objective and were not influenced by evaluators, so the 25 trials (100%) were at low risk for detection bias. 16 trials (64%) were adjudicated as being at low risk of attrition bias, 17 trials (68%) were at low risk for reporting bias, and 21 trials (84%) were judged to have a low risk of other bias (Figures 3, 4).




Figure 3 | Risk of bias graph. Review of authors’ judgements about each risk of bias presented as percentages across all included studies.






Figure 4 | Risk of bias summary. Review of authors’ judgements about each risk of bias for each included study.





3.3 Outcomes

Appendix 4 presents the network plot for each outcome indicator. Appendix 8 gives a network estimate for each drug comparison for all outcomes.


3.3.1 HOMA-IR

HOMA-IR was reported in 14 trials with 1153 patients (Appendix 4; Supplementary Figure 1). Compared with the control group, GLP-1 RAs reduced the HOMA-IR (MD [95% CI]; -1.573[-2.523 to -0.495]), whereas SGLT-2 inhibitors had no statistically significant effect (MD -0.342 [-1.156 to 0.218]) (Figure 5A). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 97% and 23%, respectively (Figure 6A). Compare with SGLT-2 inhibitors, GLP-1 RAs showed no difference in the effect on the HOMA-IR (MD -1.217 [-2.210 to 0.087]) (Figure 7).




Figure 5 | Two-dimensional graphs and forest plots for different outcome indicators. (A) HOMA-IR, (B) FBS, (C) VAT and SAT, (D) Weight and BMI, (E) Leptin, (F) Adiponectin, (G) TC and TG, (H) LDL and HDL, (I) DBP and SBP, (J) ALT and AST.






Figure 6 | Ranking probabilities of different hypoglycemic agents for different outcome indicators. (A) HOMA-IR, (B) VAT, (C) SAT, (D) BMI, (E) Weight, (F) Leptin, (G) Adiponectin, (H) FBS, (I) TG, (J) TC, (K) HDL, (L) LDL, (M) SBP, (N) DBP, (O) AST, (P) ALT.






Figure 7 | Mean difference of GLP-1 RAs compared with SGLT-2 inhibitors on different outcome indicators in NAFLD patients. Mean difference and 95% confidence intervals were derived with the use of network meta-analysis. GLP-1 RAs, Glucagon-like peptide-1 receptor agonists; SGLT-2 inhibitors, Sodium-glucose cotransporter-2 inhibitors; CI, confidence interval.





3.3.2 Adipose Tissue and Adipokines


3.3.2.1 VAT and SAT

The VAT was reported in 8 trials with 561 patients (Appendix 4; Supplementary Figure 2). Compared with the controls, GLP-1 RAs decreased VAT (MD -0.637 [-0.992 to -0.284]), whereas SGLT-2 inhibitors had no statistically significant effect (MD -0.078 [-0.308 to 0.120) (Figure 5C). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 99% and 49%, respectively (Figure 6B).

The SAT was reported in 4 trials with 235 patients (Appendix 4; Supplementary Figure 3). Compared with the control group, both GLP-1 RAs and SGLT-2 inhibitors had no statistically significant effect on SAT (MD -0.176 [-0.758 to 0.403] and -0.360 [-0.979 to 0.260], respectively) (Figure 5C). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 73% and 89%, respectively (Figure 6C).

Compared with SGLT-2 inhibitors, GLP-1 RAs had a higher probability of reducing VAT (MD -0.560 [-0.961 to -0.131]), whereas they did not have different effects on SAT (MD 0.184 [-0.669 to 1.030]) (Figure 7).



3.3.2.2 BMI and Weight

BMI was reported in 18 trials with 1006 patients (Appendix 4; Supplementary Figure 4). Compared with the control group, GLP-1 RAs and SGLT-2 inhibitors had no statistically significant effect on BMI (MD -1.262 [-2.933 to 0.218] and -0.964 [-2.385 to 0.423], respectively) (Figure 5D). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 87% and 67%, respectively (Figure 6D).

Weight was reported in 19 trials with 1143 patients (Appendix 4; Supplementary Figure 5). As shown in Figure 5D, compared with the control group, GLP-1 RAs significantly reduced body weight (MD -2.394 [-4.625 to -0.164]), whereas SGLT-2 inhibitors had no effect (MD -1.059 [-3.056 to 0.931]). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 98% and 66%, respectively (Figure 6E).

Compared with SGLT-2 inhibitors, GLP-1 RAs showed no difference in the effects on BMI or weight (MD 0.501 [-1.582 to 2.434] and 0.5796 [-4.127 to 5.034], respectively) (Figure 7).



3.3.2.3 Leptin and Adiponectin

Leptin was reported in 4 trials with 158 patients (Appendix 4; Supplementary Figure 6). None of the studies reported the effect of GLP-1 RAs on leptin. Compared with the control group, SGLT-2 inhibitors had no statistically significant effect on leptin (MD -6.479 [-17.4 to 3.127]) (Figure 5E). The SUCRA chart shows that the probabilities of SGLT-2 inhibitors being among the top three most effective drugs is 92% (Figure 6F).

7 trials, including 345 patients, reported adiponectin (Appendix 4; Supplementary Figure 7). Compared with the control group, GLP-1 RAs and SGLT-2 inhibitors had no statistically significant effect on adiponectin (MD 7.007 [-5.033 to 18.850] and 3.402 [-7.910 to 14.670], respectively) (Figure 5F). The SUCRA chart shows that the probabilities of GLP-1 RAs being among the top three most effective drugs was 77%, while SGLT-2 inhibitors’ was only 31% (Figure 6G).

There was no difference between GLP-1 RAs and SGLT-2 inhibitors in the effect on adiponectin (MD 3.575 [-8.045 to 15.340]) (Figure 7).




3.3.3 Glucose and Lipid Metabolism


3.3.3.1 FBS

FBS was reported in 20 trials with 1216 patients (Appendix 4; Supplementary Figure 8). Compared with the control group, GLP-1 RAs decreased the FBS (MD -0.663 [-1.377 to -0.021]), whereas SGLT-2 inhibitors had no statistically significant effect (MD -0.330 [-0.832 to 0.170]) (Figure 5B). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 89% and 47%, respectively (Figure 6H). GLP-1 RAs and SGLT-2 inhibitors showed no difference in the effect on FBS (MD -0.333 [-1.106 to 0.371]) (Figure 7).



3.3.3.2 TG and TC

TG was reported in 17 trials with 986 patients (Appendix 4; Supplementary Figure 9). Compared with the control group, GLP-1 RAs decreased TG (MD -0.608 [-1.056 to -0.188]), whereas SGLT-2 inhibitors had no statistically significant effect (MD -0.003 [-0.279 to 0.234]) (Figure 5G). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 99% and 12%, respectively (Figure 6I).

TC was reported in 12 trials with 741 patients (Appendix 4; Supplementary Figure 10). Compared with the control group, neither GLP-1 RAs nor SGLT-2 inhibitors had any statistically significant effect on TC (MD -0.263 [-0.872 to 0.344] and -0.354 [-0.754 to 0.035], respectively) (Figure 5G). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 75% and 92%, respectively (Figure 6J).

Compared with SGLT-2 inhibitors, GLP-1 RAs had a higher probability of decreasing TG (MD -0.607 [-1.095 to -0.116]). However, there was no difference between GLP-1 RAs and SGLT-2 inhibitors in effect on TC (MD 0.090 [-0.568 to 0.750]) (Figure 7).



3.3.3.3 HDL and LDL

HDL was reported in 19 trials with 1171 patients (Appendix 4; Supplementary Figure 11). Compared with the control group, GLP-1 RAs and SGLT-2 inhibitors had no statistically significant effect on HDL (MD -0.056 [-0.204 to 0.129]) and 0.015 [-0.092 to 0.133]) (Figure 5H). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 21% and 67%, respectively (Figure 6K).

LDL was reported in 19 trials with 1171 patients (Appendix 4; Supplementary Figure 12). Compared with the control group, GLP-1 RAs and SGLT-2 inhibitors had no statistically significant effect on LDL (MD -0.045 [-0.466 to 0.355] and -0.107 [-0.421 to 0.205], respectively) (Figure 5H). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 44% and 64%, respectively (Figure 6L).

Compared with SGLT-2 inhibitors, GLP-1 RAs showed no difference in effects on HDL or LDL (MD -0.072 [-0.228 to 0.119] and 0.061 [-0.404 to 0.512], respectively) (Figure 7).




3.3.4 Blood Pressure: SBP and DBP

SBP was reported in 9 trials with 604 patients (Appendix 4; Supplementary Figure 13). As shown in Figure 5I, compared with the control group, GLP-1 RAs and SGLT-2 inhibitors had no statistically significant effect on SBP (MD -1.486 [- 9.753 to 5.709] and -1.029 [- 7.830 to 4.853], respectively). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 77% and 67%, respectively (Figure 6M).

DBP was reported in 9 trials with 604 patients (Appendix 4; Supplementary Figure 14). Compared with the control group, GLP-1 RAs and SGLT-2 inhibitors had no statistically significant effect on DBP (MD 3.457 [-0.877 to 8.709) and 1.990 [-2.272 to 5.526], respectively) (Figure 5I). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 22% and 75%, respectively (Figure 6N).

Compared with SGLT-2 inhibitors, GLP-1 RAs showed no difference in effects on SBP or DBP (MD 0.460 [-8.146 to 7.142] and 1.311 [-2.683 to 7.328], respectively) (Figure 7).



3.3.5 Liver Function: AST and ALT

AST was reported in 20 trials with 1206 patients (Appendix 4; Supplementary Figure 15). As shown in Figure 5J, compared with the control group, GLP-1 RAs and SGLT-2 inhibitors had no statistically significant effect on AST (MD 0.643 [-4.097 to 4.777]and -2.274 [-5.712 to 0.588], respectively). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 13% and 84%, respectively (Figure 6O).

ALT was reported in 22 trials with 1312 patients (Appendix 4; Supplementary Figure 16). As shown in Figure 5J, compared with the control group, GLP-1 RAs and SGLT-2 inhibitors had no statistically significant effect on ALT (MD -0.534 [-10.180 to 9.163] and -3.136 [-9.704 to 2.860], respectively). The SUCRA chart shows that the probabilities of GLP-1 RAs and SGLT-2 inhibitors being among the top three most effective drugs were 39% and 73%, respectively (Figure 6O).

There was no difference between GLP-1 RAs and SGLT-2 inhibitors on AST or ALT (MD 2.892 [-1.816 to 7.797] and 2.590 [-7.701 to 13.470], respectively) (Figure 7).




3.4 Heterogeneity and Inconsistency Test

The difference value in deviance information criteria between the consistency and inconsistency models was less than 5, indicating the data have met the premise of consistency. In terms of deviance information criteria and mean posterior residuals, the RE model provided a better fit than the FE model in the analysis of all outcome indicators except for SAT and weight (Appendix 5). The node splitting method based on a Monte Carlo Markov Chain simulation was used to evaluate the network inconsistency of different outcome indicators, considering random-effect models, normal priors for treatment fixed effects, and uniform priors for the variances of the random effects. Supplementary materials (Appendix 6) show evidence of overall network inconsistencies or heterogeneity with no severe concerns of incoherence between direct and indirect evidence, and there were no local inconsistencies except for the following: (1) BMI of TZDs versus GLP-1 RAs, and TZDs versus metformin (P = 0.049 and 0.006, respectively); (2) FBS between TZDs and metformin (P = 0.046); (3) HDL level between TZDs and GLP-1 RAs, and metformin and GLP-1 RAs (P = 0.006 and 0.032, respectively); (4) AST level between metformin versus TZDs (P= 0.008); and (5) ALT level between metformin versus TZDs (P= 0.006). Convergence analysis shows that each Monte Carlo Markov chain achieved stable fusion from the initial part, and it could be visually analyzed in the subsequent calculation. Single chain fluctuations could not be recognized, which means the degree of convergence was high (Appendix 7; Supplementary Figures 1–16).




4 Discussion

To our knowledge, this is the first systematic review and network meta-analysis to directly compare the effects of GLP-1 RAs and SGLT-2 inhibitors on IR levels in patients with NAFLD. NAFLD is a chronic metabolic liver disease, with the main clinical manifestation being increased lipid accumulation in the liver without a clear link to alcohol consumption and is a clinical manifestation of metabolic syndrome in the liver (32). In 2020, two articles proposed that NAFLD should be renamed MAFLD (metabolic associated fatty liver disease), and experts have agreed that compared with NAFLD, MAFLD more accurately reflects the mechanism of NAFLD (32, 33).

Given the increasingly defined metabolic nature of the disease, treatments targeting metabolism will be very promising. GLP-1 RAs and SGLT-2 inhibitors are two types of drugs that treat NAFLD through metabolic targeting. We evaluated the effect of these two drugs on the degree of IR, in patients with NAFLD, by applying Bayesian network meta-analysis and showing that, compared with the control group, GLP-1 RAs can reduce HOMA-IR value, weight, VAT, FBS, and TG, whereas SGLT-2 inhibitors had no significant effect on those outcomes. In addition, in the absence of head-to-head comparisons between GLP-1 RAs and SGLT-2 inhibitors, we also found significant differences between them. Importantly, GLP-1 RAs reduced VAT content and TG levels to a greater extent than SGLT-2 inhibitors. Our results provide both direct and indirect evidence that GLP-1 RAs improves IR and has certain advantages over SGLT-2 inhibitors in ameliorating IR in NAFLD patients.

GLP-1 RAs are incretin hormones secreted by intestinal L-cells following meal ingestion, and have various metabolic functions, including: 1) inducing β-cell proliferation and reducing lipotoxic β-cell apoptosis; 2) enhancing both insulin synthesis and glucose-stimulated insulin secretion; 3) inhibiting glucagon secretion in a glucose-dependent manner; 4) reducing IR and improving peripheral insulin sensitivity through promoting weight loss caused by delayed gastric emptying and appetite suppression; and 5) increasing liver and muscle glucose uptake, followed by lowering of free fatty acid levels (34–37). A recent meta-analysis, concerning the use of GLP-1 RAs in patients with NAFLD (12 studies involving 780 patients), found significant improvements in FBS levels and HOMA-IR when the trial lasted longer than 24 weeks in subgroup analysis (38), similar to the results of our analysis. However, few studies have focused on the improvement in IR. In another RCT, GLP-1 RAs also reduced VAT in patients with polycystic ovary syndrome (39). In addition, low activity of brown adipose tissue has been associated to NAFLD (40), but none of 25 included RCTs have involved data of brown adipose tissue between groups, suggesting the need for NAFLD drug therapy studies focusing on brown adipose tissue. Mechanistically, GLP-1 RAs reduce hepatic steatosis and increases insulin sensitivity of hepatocytes through AMP-activated protein kinase, which exert an influence on insulin signaling pathways (41). At the same time, GLP-1 RAs may also reduce the expression of genes related to fatty acid synthesis, TG level or de novo synthesis, and the accumulation of liver and ectopic fat (42), which is consistent with the results obtained in this paper. We speculate that GLP-1 RAs improve IR and further reduce FBS and TG, as well as improve glucose and lipid metabolism by reducing VAT. This would suggest that GLP-1 RAs should be applied in NAFLD patients with IR and obesity (especially abdominal obesity), and glucose or lipid metabolic disorders. Moreover, GLP-1 RAs tended to reduce BMI, TC, SAT and LDL levels, and increase HDL and adiponectin, but these improvements were not statistically significant. In the included studies, the mean duration of medication in all 25 studies was 28.86 weeks, but for those studies using GLP-1 RAs, medication was collected after taken for only 20.4 weeks in average. The average duration of treatment with GLP-1 RAs was less than the average intervention duration of all 25 studies, which may have reduced efficacy.

SGLT-2 inhibitors are a new class of antidiabetic drugs that reduce blood sugar by inhibiting the kidney’s reabsorption of glucose and allowing excess glucose to be excreted in the urine. In short, its mechanism of action is the direct excretion of glucose instead of insulin sensitization to promote glucose transport. Its principle is similar to the dam principle, only promoting the excretion of excess glucose, which also makes the risk of hypoglycemia low. In animal studies, SGLT-2 inhibitors have reduced new fat generation and increased lipoprotein decomposition (43, 44). Based on the existing literature, SGLT-2 inhibitors have been suggested to reduce HOMA-IR, weight, BMI, SAT, VAT, FBS, TC, LDL, AST, ALT, SBP, and also increase HDL, but these improvements were not statistically significant. According to SUCRA, SGLT-2 inhibitors have more advantages than GLP-1 RAs in improving HDL, LDL, TC, AST, ALT, and DBP in NAFLD patients. Considering that some of our patients with NAFLD did not have T2DM comorbidity, their median FBS was 7.66 mmol/L, indicating glucose toxicity was not severe. In this case, due to the normal levels of glucose, the ability of SGLT-2 inhibitors to improve IR, i.e. by excreting excess glucose, would not be activated. No trial has been reported on SGLT-2 inhibitors in pure NAFLD patients without T2DM diabetes. A study on the “Effect of Empagliflozin on Liver Fat in Non-diabetic Patients” (NCT04642261) has been registered in Clinical Trials and is expected to be completed by December 31, 2022. In addition, the average duration of SGLT-2 inhibitor medication for all studies was 25.09 weeks, shorter than the average duration of intervention in the included studies overall, which may be one of the reasons why SGLT-2 inhibitors have no significant effect on IR in NAFLD patients.

The advantages of this systematic review and network meta-analysis are as follows. First, we grasp the nature of NAFLD as a metabolic disease and focus our analysis on IR as a metabolic marker. Second, a network meta-analysis is used to comprehensively measure the effects of GLP-1 RAs and SGLT-2 inhibitors on various indicators that are related to IR in patients with NAFLD, making up for the lack of direct comparison between them. Third, a network meta-analysis is used to enlarge the sample size and correct the results obtained with smaller sample size. In addition, the emergence of new studies on these two classes of drugs has created a need for updated analysis, and this article meets this need (45–55).

There are also some limitations in this study. First, there is some heterogeneity in the clinical environment of each trial. For example, due to the small number of related studies in this field, we did not limit whether the included patients had diabetes, which may lead to some heterogeneity. Still, the consistency of the results was acceptable. We also run both the RE and the FE models, choosing the appropriate model to obtain more reliable results. Second, the measurement of insulin resistance in our included trails were HOMA-IR instead of hyper-insulinemic-euglycemic clamp technology, which is internationally recognized as the gold standard. Hyper-insulinemic-euglycemic clamp technology can be applied to all study groups, but at the same time it is a complex operation and requires repeated blood puncture. HOMA-IR is suitable for large-scale evaluation of IR in research with large sample sizes (56). However, the sample size of some included trials was relatively small and the application of HOMA-IR to evaluate IR may have some defects. Therefore, we selected other indicators that are highly correlated with the degree of IR, such as SAT, VAT, BMI, TG, and adipocytokines (57–60) to assist judgment of IR and make up for this deficiency. Finally, the average duration of treatment was not balanced. For example, the average duration of treatment with GLP-1 RAs and SGLT-2 inhibitors was lower than the average duration of all included studies, which suggests that larger and longer RCTs are needed to verify our results.



5 Conclusion

In conclusion, this network meta-analysis provides evidence for the effect of GLP-1 RAs and SGLT-2 inhibitors on reducing IR in patients with NAFLD. This study suggests that GLP-1 RAs can improve the metabolism of NAFLD, and in this regard, the effect of SGLT-2 inhibitors still needs to be determined using rigorous long-term and large-scale RCTs.



6 Prospects

As one of the most prevalent chronic diseases in the world, the public health and economic impact of NAFLD has been gradually given increasing attention by patients, regulatory agencies, and biopharmaceutical organizations. Although the cure for NAFLD is still unknown, drug research and development for each link of its mechanism is underway. Due to the close relationship between NAFLD and metabolic syndrome, especially IR, this review indicates that GLP-1 RAs, but not SGLT-2 inhibitors can be used for treating NAFLD patients, based on obesity especially abdominal obesity, a high-HOMA-IR index and glucose or lipid metabolic disorder. More clinical studies targeting IR are needed to provide more evidence for improving IR and reduce the risk of chronic complications in patients with NAFLD.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Author Contributions

HY designed the study, collected the data, contributed to the statistical analysis, and served as the primary author of the manuscript. WL co-designed the study and contributed to the writing of the manuscript and provided critical feedback to shape the manuscript. CH and XS contributed to the statistical analysis and assisted with the writing of the manuscript. JL and SZ contributed to the data collection. All authors read and approved the final manuscript.



Acknowledgments

We would like to thank Dr. Stanley Li Lin for providing English language editing. We thank all the participants investigators; we also thank to the researchers of those original research which be involved in our network meta-analysis.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.923606/full#supplementary-material



References

1. Hodson, DJ, Mitchell, RK, Bellomo, EA, Sun, G, Vinet, L, Meda, P, et al. Lipotoxicity Disrupts Incretin-Regulated Human Beta Cell Connectivity. J Clin Invest (2013) 123(10):4182–94. doi: 10.1172/JCI68459

2. Ullah, R, Rauf, N, Nabi, G, Ullah, H, Shen, Y, Zhou, YD, et al. Role of Nutrition in the Pathogenesis and Prevention of Non-Alcoholic Fatty Liver Disease: Recent Updates. Int J Biol Sci (2019) 15(2):265–76. doi: 10.7150/ijbs.30121

3. Younossi, ZM, Koenig, AB, Abdelatif, D, Fazel, Y, Henry, L, and Wymer, M. Global Epidemiology of Nonalcoholic Fatty Liver Disease-Meta-Analytic Assessment of Prevalence, Incidence, and Outcomes. Hepatology (2016) 64(1):73–84. doi: 10.1002/hep.28431

4. Friedman, SL, Neuschwander-Tetri, BA, Rinella, M, and Sanyal, AJ. Mechanisms of Nafld Development and Therapeutic Strategies. Nat Med (2018) 24(7):908–22. doi: 10.1038/s41591-018-0104-9

5. Sakurai, Y, Kubota, N, Yamauchi, T, and Kadowaki, T. Role of Insulin Resistance in Mafld. Int J Mol Sci (2021) 22(8):4156. doi: 10.3390/ijms22084156

6. Yazici, D, and Sezer, H. Insulin Resistance, Obesity and Lipotoxicity. Adv Exp Med Biol (2017) 960:277–304. doi: 10.1007/978-3-319-48382-5_12

7. Huang, S, and Czech, MP. The Glut4 Glucose Transporter. Cell Metab (2007) 5(4):237–52. doi: 10.1016/j.cmet.2007.03.006

8. American Diabetes, A. 9. Pharmacologic Approaches to Glycemic Treatment: Standards of Medical Care in Diabetes-2020. Diabetes Care (2020) 43(Suppl 1):S98–S110. doi: 10.2337/dc20-S009

9. Cosentino, F, Grant, PJ, Aboyans, V, Bailey, CJ, Ceriello, A, Delgado, V, et al. 2019 Esc Guidelines on Diabetes, Pre-Diabetes, and Cardiovascular Diseases Developed in Collaboration With the Easd. Eur Heart J (2020) 41(2):255–323. doi: 10.1093/eurheartj/ehz486

10. Dalong, Z, and Yiming, M. Expert Consensus on Glucose-Lowering Pharmacotherapies in Chinese Adults With Type 2 Diabetes and Cardiovascular Disease or Chronic Kidney Disease. Chinese Journal of Diabetes Mellitus (2020) 12(06):369–81. doi: 10.3760/cma.j.cn115791-20200419-00233

11. Puddu, A, Mach, F, Nencioni, A, Viviani, GL, and Montecucco, F. An Emerging Role of Glucagon-Like Peptide-1 in Preventing Advanced-Glycation-End-Product-Mediated Damages in Diabetes. Mediators Inflammation (2013) 2013:591056. doi: 10.1155/2013/591056

12. Patel, V, Joharapurkar, A, Dhanesha, N, Kshirsagar, S, Detroja, J, Patel, K, et al. Combination of Omeprazole With Glp-1 Agonist Therapy Improves Insulin Sensitivity and Antioxidant Activity in Liver in Type 1 Diabetic Mice. Pharmacol Rep (2013) 65(4):927–36. doi: 10.1016/s1734-1140(13)71074-0

13. Guo, C, Huang, T, Chen, A, Chen, X, Wang, L, Shen, F, et al. Glucagon-Like Peptide 1 Improves Insulin Resistance in Vitro Through Anti-Inflammation of Macrophages. Braz J Med Biol Res (2016) 49(12):e5826. doi: 10.1590/1414-431X20165826

14. Hao, T, Zhang, H, Li, S, and Tian, H. Glucagon-Like Peptide 1 Receptor Agonist Ameliorates the Insulin Resistance Function of Islet Beta Cells Via the Activation of Pdx-1/Jak Signaling Transduction in C57/Bl6 Mice With High-Fat Diet-Induced Diabetes. Int J Mol Med (2017) 39(4):1029–36. doi: 10.3892/ijmm.2017.2910

15. Gedulin, BR, Nikoulina, SE, Smith, PA, Gedulin, G, Nielsen, LL, Baron, AD, et al. Exenatide (Exendin-4) Improves Insulin Sensitivity and {Beta}-Cell Mass in Insulin-Resistant Obese Fa/Fa Zucker Rats Independent of Glycemia and Body Weight. Endocrinology (2005) 146(4):2069–76. doi: 10.1210/en.2004-1349

16. Wang, Y, Kole, HK, Montrose-Rafizadeh, C, Perfetti, R, Bernier, M, and Egan, JM. Regulation of Glucose Transporters and Hexose Uptake in 3t3-L1 Adipocytes: Glucagon-Like Peptide-1 and Insulin Interactions. J Mol Endocrinol (1997) 19(3):241–8. doi: 10.1677/jme.0.0190241

17. Gao, H, Wang, X, Zhang, Z, Yang, Y, Yang, J, Li, X, et al. Glp-1 Amplifies Insulin Signaling by Up-Regulation of Irbeta, Irs-1 and Glut4 in 3t3-L1 Adipocytes. Endocrine (2007) 32(1):90–5. doi: 10.1007/s12020-007-9011-4

18. Kawamori, D, Shirakawa, J, Liew, CW, Hu, J, Morioka, T, Duttaroy, A, et al. Glp-1 Signalling Compensates for Impaired Insulin Signalling in Regulating Beta Cell Proliferation in Betairko Mice. Diabetologia (2017) 60(8):1442–53. doi: 10.1007/s00125-017-4303-6

19. Abdul-Ghani, M, Al Jobori, H, Daniele, G, Adams, J, Cersosimo, E, Triplitt, C, et al. Inhibition of Renal Sodium-Glucose Cotransport With Empagliflozin Lowers Fasting Plasma Glucose and Improves Beta-Cell Function in Subjects With Impaired Fasting Glucose. Diabetes (2017) 66(9):2495–502. doi: 10.2337/db17-0055

20. Al Jobori, H, Daniele, G, Adams, J, Cersosimo, E, Solis-Herrera, C, Triplitt, C, et al. Empagliflozin Treatment Is Associated With Improved Beta-Cell Function in Type 2 Diabetes Mellitus. J Clin Endocrinol Metab (2018) 103(4):1402–7. doi: 10.1210/jc.2017-01838

21. Okauchi, S, Shimoda, M, Obata, A, Kimura, T, Hirukawa, H, Kohara, K, et al. Protective Effects of Sglt2 Inhibitor Luseogliflozin on Pancreatic Beta-Cells in Obese Type 2 Diabetic Db/Db Mice. Biochem Biophys Res Commun (2016) 470(3):772–82. doi: 10.1016/j.bbrc.2015.10.109

22. Merovci, A, Solis-Herrera, C, Daniele, G, Eldor, R, Fiorentino, TV, Tripathy, D, et al. Dapagliflozin Improves Muscle Insulin Sensitivity But Enhances Endogenous Glucose Production. J Clin Invest (2014) 124(2):509–14. doi: 10.1172/JCI70704

23. Ferrannini, E, Muscelli, E, Frascerra, S, Baldi, S, Mari, A, Heise, T, et al. Metabolic Response to Sodium-Glucose Cotransporter 2 Inhibition in Type 2 Diabetic Patients. J Clin Invest (2014) 124(2):499–508. doi: 10.1172/JCI72227

24. Obata, A, Kubota, N, Kubota, T, Iwamoto, M, Sato, H, Sakurai, Y, et al. Tofogliflozin Improves Insulin Resistance in Skeletal Muscle and Accelerates Lipolysis in Adipose Tissue in Male Mice. Endocrinology (2016) 157(3):1029–42. doi: 10.1210/en.2015-1588

25. Lingvay, I, Catarig, AM, Frias, JP, Kumar, H, Lausvig, NL, le Roux, CW, et al. Efficacy and Safety of Once-Weekly Semaglutide Versus Daily Canagliflozin as Add-On to Metformin in Patients With Type 2 Diabetes (Sustain 8): A Double-Blind, Phase 3b, Randomised Controlled Trial. Lancet Diabetes Endocrinol (2019) 7(11):834–44. doi: 10.1016/S2213-8587(19)30311-0

26. European Association for the Study of the L, European Association for the Study of D, and European Association for the Study of O. Easl-Easd-Easo Clinical Practice Guidelines for the Management of Non-Alcoholic Fatty Liver Disease. Diabetologia (2016) 59(6):1121–40. doi: 10.1007/s00125-016-3902-y

27. 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. Hepatology (2018) 67(1):328–57. doi: 10.1002/hep.29367

28. Glen, J, Floros, L, Day, C, Pryke, R, and Guideline Development, G. Non-Alcoholic Fatty Liver Disease (Nafld): Summary of Nice Guidance. BMJ (2016) 354:i4428. doi: 10.1136/bmj.i4428

29. Petroni, ML, Brodosi, L, Bugianesi, E, and Marchesini, G. Management of Non-Alcoholic Fatty Liver Disease. BMJ (2021) 372:m4747. doi: 10.1136/bmj.m4747

30. Higgins, JP, Altman, DG, Gotzsche, PC, Juni, P, Moher, D, Oxman, AD, et al. The Cochrane Collaboration's Tool for Assessing Risk of Bias in Randomised Trials. BMJ (2011) 343:d5928. doi: 10.1136/bmj.d5928

31. Salanti, G, Ades, AE, and Ioannidis, JP. Graphical Methods and Numerical Summaries for Presenting Results From Multiple-Treatment Meta-Analysis: An Overview and Tutorial. J Clin Epidemiol (2011) 64(2):163–71. doi: 10.1016/j.jclinepi.2010.03.016

32. Eslam, M, Sanyal, AJ, George, J, and International Consensus, P. Mafld: A Consensus-Driven Proposed Nomenclature for Metabolic Associated Fatty Liver Disease. Gastroenterology (2020) 158(7):1999–2014 e1. doi: 10.1053/j.gastro.2019.11.312

33. Eslam, M, Newsome, PN, Sarin, SK, Anstee, QM, Targher, G, Romero-Gomez, M, et al. A New Definition for Metabolic Dysfunction-Associated Fatty Liver Disease: An International Expert Consensus Statement. J Hepatol (2020) 73(1):202–9. doi: 10.1016/j.jhep.2020.03.039

34. Khan, RS, Bril, F, Cusi, K, and Newsome, PN. Modulation of Insulin Resistance in Nonalcoholic Fatty Liver Disease. Hepatology (2019) 70(2):711–24. doi: 10.1002/hep.30429

35. Benito-Vicente, A, Jebari-Benslaiman, S, Galicia-Garcia, U, Larrea-Sebal, A, Uribe, KB, and Martin, C. Molecular Mechanisms of Lipotoxicity-Induced Pancreatic Beta-Cell Dysfunction. Int Rev Cell Mol Biol (2021) 359:357–402. doi: 10.1016/bs.ircmb.2021.02.013

36. Holst, JJ, Vilsboll, T, and Deacon, CF. The Incretin System and Its Role in Type 2 Diabetes Mellitus. Mol Cell Endocrinol (2009) 297(1-2):127–36. doi: 10.1016/j.mce.2008.08.012

37. Baggio, LL, and Drucker, DJ. Biology of Incretins: Glp-1 and Gip. Gastroenterology (2007) 132(6):2131–57. doi: 10.1053/j.gastro.2007.03.054

38. Nowrouzi-Sohrabi, P, Rezaei, S, Jalali, M, Ashourpour, M, Ahmadipour, A, Keshavarz, P, et al. The Effects of Glucagon-Like Peptide-1 Receptor Agonists on Glycemic Control and Anthropometric Profiles Among Diabetic Patients With Non-Alcoholic Fatty Liver Disease: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Eur J Pharmacol (2021) 893:173823. doi: 10.1016/j.ejphar.2020.173823

39. Frøssing, S, Nylander, M, Chabanova, E, Frystyk, J, Holst, JJ, Kistorp, C, et al. Effect of Liraglutide on Ectopic Fat in Polycystic Ovary Syndrome: A Randomized Clinical Trial. Diabetes Obes Metab (2018) 20(1):215–8. doi: 10.1111/dom.13053

40. Greenhill, C. Low Brown Adipose Tissue Activity Linked to Nafld. Nat Rev Endocrinol (2021) 17(12):707. doi: 10.1038/s41574-021-00579-x

41. Ben-Shlomo, S, Zvibel, I, Shnell, M, Shlomai, A, Chepurko, E, Halpern, Z, et al. Glucagon-Like Peptide-1 Reduces Hepatic Lipogenesis Via Activation of Amp-Activated Protein Kinase. J Hepatol (2011) 54(6):1214–23. doi: 10.1016/j.jhep.2010.09.032

42. Ding, X, Saxena, NK, Lin, S, Gupta, NA, and Anania, FA. Exendin-4, a Glucagon-Like Protein-1 (Glp-1) Receptor Agonist, Reverses Hepatic Steatosis in Ob/Ob Mice. Hepatology (2006) 43(1):173–81. doi: 10.1002/hep.21006

43. Basu, D, Huggins, LA, Scerbo, D, Obunike, J, Mullick, AE, Rothenberg, PL, et al. Mechanism of Increased Ldl (Low-Density Lipoprotein) and Decreased Triglycerides With Sglt2 (Sodium-Glucose Cotransporter 2) Inhibition. Arterioscler Thromb Vasc Biol (2018) 38(9):2207–16. doi: 10.1161/ATVBAHA.118.311339

44. Al-Sharea, A, Murphy, AJ, Huggins, LA, Hu, Y, Goldberg, IJ, and Nagareddy, PR. Sglt2 Inhibition Reduces Atherosclerosis by Enhancing Lipoprotein Clearance in Ldlr(-/-) Type 1 Diabetic Mice. Atherosclerosis (2018) 271:166–76. doi: 10.1016/j.atherosclerosis.2018.02.028

45. Zhang, LY, Qu, XN, Sun, ZY, and Zhang, Y. Effect of Liraglutide Therapy on Serum Fetuin a in Patients With Type 2 Diabetes and Non-Alcoholic Fatty Liver Disease. Clinics Res Hepatol Gastroenterol (2020) 44(5):674–80. doi: 10.1016/j.clinre.2020.01.007

46. Yan, J, Yao, B, Kuang, H, Yang, X, Huang, Q, Hong, T, et al. Liraglutide, Sitagliptin, and Insulin Glargine Added to Metformin: The Effect on Body Weight and Intrahepatic Lipid in Patients With Type 2 Diabetes Mellitus and Nonalcoholic Fatty Liver Disease. Hepatology (2019) 69(6):2414–26. doi: 10.1002/hep.30320

47. Kuchay, MS, Krishan, S, Mishra, SK, Farooqui, KJ, Singh, MK, Wasir, JS, et al. Effect of Empagliflozin on Liver Fat in Patients With Type 2 Diabetes and Nonalcoholic Fatty Liver Disease: A Randomized Controlled Trial (E-Lift Trial). Diabetes Care (2018) 41(8):1801–8. doi: 10.2337/dc18-0165

48. Tobita, H, Yazaki, T, Kataoka, M, Kotani, S, Oka, A, Mishiro, T, et al. Comparison  of Dapagliflozin and Teneligliptin in Nonalcoholic Fatty Liver Disease Patients Without Type 2 Diabetes Mellitus: A Prospective Randomized Study. J Clin Biochem Nutr (2021) 68(2):173–80. doi: 10.3164/jcbn.20-129

49. Taheri, H, Malek, M, Ismail-Beigi, F, Zamani, F, Sohrabi, M, Reza babaei, M, et al. Effect of Empagliflozin on Liver Steatosis and Fibrosis in Patients With Non-Alcoholic Fatty Liver Disease Without Diabetes: A Randomized, Double-Blind, Placebo-Controlled Trial. Adv Ther (2020) 37(11):4697–708. doi: 10.1007/s12325-020-01498-5

50. Shibuya, T, Fushimi, N, Kawai, M, Yoshida, Y, Hachiya, H, Ito, S, et al. Luseogliflozin Improves Liver Fat Deposition Compared to Metformin in Type 2 Diabetes Patients With Non-Alcoholic Fatty Liver Disease: A Prospective Randomized Controlled Pilot Study. Diabetes Obes Metab (2018) 20(2):438–42. doi: 10.1111/dom.13061

51. Kinoshita, T, Shimoda, M, Nakashima, K, Fushimi, Y, Hirata, Y, Tanabe, A, et al. Comparison of the Effects of Three Kinds of Glucose-Lowering Drugs on Non-Alcoholic Fatty Liver Disease in Patients With Type 2 Diabetes: A Randomized, Open-Label, Three-Arm, Active Control Study. J Diabetes Invest (2020) 11(6):1612–22. doi: 10.1111/jdi.13279

52. Guo, W, Tian, W, Lin, L, and Xu, X. Liraglutide or Insulin Glargine Treatments Improves Hepatic Fat in Obese Patients With Type 2 Diabetes and Nonalcoholic Fatty Liver Disease in Twenty-Six Weeks: A Randomized Placebo-Controlled Trial. Diabetes Res Clin Pract (2020) 170:108487. doi: 10.1016/j.diabres.2020.108487

53. Chehrehgosha, H, Sohrabi, MR, Ismail-Beigi, F, Malek, M, Reza Babaei, M, Zamani, F, et al. Empagliflozin Improves Liver Steatosis and Fibrosis in Patients With Non-Alcoholic Fatty Liver Disease and Type 2 Diabetes: A Randomized, Double-Blind, Placebo-Controlled Clinical Trial. Diabetes Ther (2021) 12(3):843–61. doi: 10.1007/s13300-021-01011-3

54. Aso, Y, Kato, K, Sakurai, S, Kishi, H, Shimizu, M, Jojima, T, et al. Impact of Dapagliflozin, an Sglt2 Inhibitor, on Serum Levels of Soluble Dipeptidyl Peptidase-4 in Patients With Type 2 Diabetes and Non-Alcoholic Fatty Liver Disease. Int J Clin Pract (2019) 73(5):e13335. doi: 10.1111/ijcp.13335

55. Anushiravani, A, Haddadi, N, Pourfarmanbar, M, and Mohammadkarimi, V. Treatment Options for Nonalcoholic Fatty Liver Disease: A Double-Blinded Randomized Placebo-Controlled Trial. Eur J Gastroenterol Hepatol (2019) 31(5):613–7. doi: 10.1097/MEG.0000000000001369

56. Chinese Diabetes Society Insulin Resistance Study Group (preparatory). Expert Guidance on Methods and Applications for Assessing Insulin Resistance. Chinese J Diabetes Mellit (2018) 10(06):377–85. doi: 10.3760/cma.j.issn.1674-5809.2018.06.001

57. Yamauchi, T, and Kadowaki, T. Adiponectin Receptor as a Key Player in Healthy Longevity and Obesity-Related Diseases. Cell Metab (2013) 17(2):185–96. doi: 10.1016/j.cmet.2013.01.001

58. Bugianesi, E, Pagotto, U, Manini, R, Vanni, E, Gastaldelli, A, de Iasio, R, et al. Plasma Adiponectin in Nonalcoholic Fatty Liver Is Related to Hepatic Insulin Resistance and Hepatic Fat Content, Not to Liver Disease Severity. J Clin Endocrinol Metab (2005) 90(6):3498–504. doi: 10.1210/jc.2004-2240

59. Yao, Y, Liu, C, and Zheng, R. Relationship Between Visceral Fat and Metabolic Indices and Insulin Resistance in Type 2 Diabetes Mellitus. Jiangsu Med J (2021) 47(05):498–5015. doi: 10.19460/j.cnki.0253-3685.2021.05.017

60. Carr, DB, Utzschneider, KM, Hull, RL, Kodama, K, Retzlaff, BM, Brunzell, JD, et al. Intra-Abdominal Fat Is a Major Determinant of the National Cholesterol Education Program Adult Treatment Panel Iii Criteria for the Metabolic Syndrome. Diabetes (2004) 53(8):2087–94. doi: 10.2337/diabetes.53.8.2087




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.


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 Yan, Huang, Shen, Li, Zhou and Li. 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-13-923606-g004.jpg
linding of participants and personnel (performance bias)
linding of outcome assessment (detection bias)

llocation concealment (selection bias)

Random sequence generation (selection bias)
elective reporting (reporting bias)

ncomplete outcome data (attrition bias)

Other bias

< w

m o £
Aithal-2008 nnnnnnn
Anushiravani-2019 nnnnnnn
Aso0-2019 nnnnnnn
Balas-2007 nnnnnnn
Belfort-2006 nnnnunn
Bell-2012 nnnunnu
Chehrehgosha-2021 nnnnnnn
Cusi-2016 nnnnunn
Feng-2017 nnnnnnn
Guo-2020 nnnnnnn
Haukeland-2009 nnnnnnn
[to-2017 nnnnnnn
Joy-2017 nnnnnnn
Kinoshita-2020 nnnnnnn
Kuchay-2018
Nadeau-2009 nnnnnnn
Omer-2010 nnnnunn
Shargorodsky-2012 nnnnnnu
Shibuya-2018 nnnnunn
Sofer-2011 nnnnnnn
Taheri-2020 nnnnnnn
Tobita-2021 nnnnnun
Yan-2019 nnnunnn
Yoneda-2020 nnnnnnn
Zhang-2020 nnnnnnn






OEBPS/Images/fendo-13-923606-g002.jpg
Metformin
(218)

SGLT-2i
(266)

DPP-4
(60)

control
TZD (524)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        GLP-1 RAs and SGLT-2 Inhibitors for Insulin Resistance in Nonalcoholic Fatty Liver Disease: Systematic Review and Network Meta-Analysis

      

        		

          Objective

        



        		

          Data Synthesis

        



        		

          Results

        



        		

          Conclusions

        



        		

          Systematic Review Registration

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Agreement to Register

          



          		

            2.2 Search Strategy

          



          		

            2.3 Study Selection

          

            		

              2.3.1 Eligibility Criteria

            

              		

                2.3.1.1 Patients

              



              		

                2.3.1.2 Interventions

              



              		

                2.3.1.3 Comparators

              



              		

                2.3.1.4 Outcomes

              



              		

                2.3.1.5 Study Design

              



              		

                2.3.1.6 Timeframe

              



            



            



            		

              2.3.2 Other Limitation

            



          



          



          		

            2.4 Data Extraction

          



          		

            2.5 Risk of Bias Assessment

          



          		

            2.6 Statistical Analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Description of the Included Studies

          



          		

            3.2 Risk of Bias

          



          		

            3.3 Outcomes

          

            		

              3.3.1 HOMA-IR

            



            		

              3.3.2 Adipose Tissue and Adipokines

            

              		

                3.3.2.1 VAT and SAT

              



              		

                3.3.2.2 BMI and Weight

              



              		

                3.3.2.3 Leptin and Adiponectin

              



            



            



            		

              3.3.3 Glucose and Lipid Metabolism

            

              		

                3.3.3.1 FBS

              



              		

                3.3.3.2 TG and TC

              



              		

                3.3.3.3 HDL and LDL

              



            



            



            		

              3.3.4 Blood Pressure: SBP and DBP

            



            		

              3.3.5 Liver Function: AST and ALT

            



          



          



          		

            3.4 Heterogeneity and Inconsistency Test

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          6 Prospects

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-923606-g007.jpg
Outcome indicators Forest plot of GLP-1RAs compare with SGLT-2 inhibitors in different outcome indicators Mean Difference (95%CI)

HOMA-IR —e—if 1207 (52,200, 0087
VAT e -0.560 (-0.961, -0.131)
SAT e 0.184 (-0.670, 1.030)
BMI ——— -0.302 (-2.305, 1.544)
Weight —— -1.327 (-3.062, 0.430)
Adiponectin —_— - 3.575 (-8.045, 15.340)
FBS e -0.333 (-1.106, 0.371)
TG e -0.606 (-1.095, -0.116)
TC i 0.090 (-0.568, 0.750)
HDL m -0.072 (-0.228, 0.119)
LDL 28 0.061 (-0.404, 0.512)
SBP —_—— -0.460 (-8.146, 7.142)
DBP e 1.311 (-2.683, 7.328)
AST  E—— 2.892 (-1.816, 7.797)
ALT T B — 2.590 (-7.701, 13.470)





OEBPS/Images/fendo.2022.923606_cover.jpg
’ frontiers | Frontiers in Endocrinology

GLP-1 RAs and SGLT-2 Inhibitors for
Insulin Resistance in Nonalcoholic
Fatty Liver Disease: Systematic
Review and Network Meta-Analysis





OEBPS/Images/fendo-13-923606-g005.jpg
HOMA-IR

e Deence 953 G

1,501
pxitreiy

2
z L .
g 3 F e. Leptin
3 [rere—
. sese
)
s )

o)

VAT&SAT Weight&BMI Adiponectin

DBP&SBP

LDL&HDL ALT&AST





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





OEBPS/Images/fendo-13-923606-g003.jpg
Random sequence generation (selection bias) —:I
Allocation concealment (selection bias) _:I

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias) —:-
Selective reporting (reporting bias) —:I

—_ +—

Other bias

0% 25% 50% 75% 100%

- Low risk of bias |:| Unclear risk of bias - High risk of bias






OEBPS/Images/fendo-13-923606-g001.jpg
586

Records identifed through database searching

12
Duplicate records excluded

466

Records screened on title and abstract

377

Records excluded during screening

89

Full text articles assessed for eligibility

62

Full text articles excluded
13 Incorrect patient population
23 Incorrect intervention or comparator
6 Secondary publication of included trial
2 Retracted or terminated
7 Ongoing trial without reported data
9 Data not extractable for meta-analysis
4 IF<1

25
Randomised controlled trials with 1595 patients included in review
Distribution of T2DM in patients included,N(%)

-

126 (8%)

® NAFLD with T2DM

" 488 (31%)
\
A\

\ m NAFLD with T2DM or impaired glucose tolerance
® NAFLD without T2DM

NA

PR L™ 934 (58%)






OEBPS/Images/fendo-13-923606-g006.jpg
<

o
=
-

== control

Treatment
Ve
’ ® / == DPP4
mem GLP1
mem  metformin
mm  SGLT2i
mem  SUs

== TZD

1) o 0
"~ w N
o o o

Ayngedoid aaeInwND

0.00

HOMA-IR

g £ 3 8
O o omeruno

T E 31
Cex.ﬁs;ié&

7/

z
-
-
---—=

VAT

w

120

-_——— —am—
¥

Fissdia
AR RRRRE)
N
~ L

N
AN
1) Ny
. vl
e 1
1 N
N -3
(R
LR
e e
P AN
1 / W
AN
\ \ M
vy
TF 373
Aynaeqoi oatenuing

~

bushs
MERRRETE
LIS
£
\
N %
v M
vVt
__/ vl

-
’

fonasoid amer

-
~ -

E g

Rank.

Weight

Adiponectin

Leptin

I

A
2 o
=
\ |
O
Q. fomecod smenund
HRHT vEpgslise
/W..”.._. em_...._.
N PR
[ R
Y ]
Y A\ AU Y
2 nN
"¢ v s -
5 & v o) \ =
Lot 2
..— / VOB _,.,..-r V3 8 2
\ N " !
LI AL RS
b= W
s KRR
h 1 wiu
../ s YRS
N v nL
A 1 A\ 9}
NG ORI
LR TR nckod ooy fe)
r/w:mmm: ishs Frisls
H MEfEsiiae F.Edisiiae
—,1_../.._. pEIIEI ‘,r_..._..
o vV N NN i
ARV N AN
By Sy 0\ w3
R L 1 n A 1 \
\ \ N LR
__/__ - /__ " .sf Wt __/z_ 1
\ n -
\ . R 1 W n Y 2
v £ A )
L L upd = [EANRUN Y B~ R TR & -
LA \ _:,,: 1o
ARVWAL TR\ NN
S ER (R LY e
LR SN Lo Y oaw
v W S \ R\ vtk
N NS 38 \ . \ o
A AN x \ 5 Nl
R LTI DI ]





