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Objective

To systematically evaluate the effects of pioglitazone in the treatment of patients with prediabetes or T2DM combined with NAFLD.



Methods

The Cochrane Central Register of Controlled Trials (CENTRAL), Embase, and ClinicalTrials databases were searched until August 2020 for publications written in English. Two reviewers independently assessed study eligibility, continuous data extraction, independent assessment of bias risk, and graded the strength of evidence. Our primary outcomes were the individual number of patients with improvement of at least 1 point in each of the histological parameters. Baseline characteristic data, such as BMI, weight, total body fat, fasting plasma glucose and fasting plasma insulin, and liver biological indicators, such as triglyceride level, HDL cholesterol level, plasma AST, and plasma ALT, were used as secondary outcomes.



Results

A total of 4 studies were included. Compared with placebo, pioglitazone significantly improved steatosis grade, inflammation grade and ballooning grade, while in the fibrosis stage, there was no significant improvement in pioglitazone compared with placebo. In addition, pioglitazone can also improve blood glucose and liver function.



Conclusion

Pioglitazone can significantly improve the histological performance of the liver and insulin sensitivity. Additionally, it can significantly reduce fasting blood glucose, glycosylated hemoglobin, plasma AST, ALT and other liver biological indicators. Due to the lack of relevant randomized controlled trials and short intervention times, long-term studies are still needed to verify its efficacy and safety.



Systematic Review Registration

[PROSPERO], identifier [CRD42020212025].
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a liver disease caused by damage to the liver unrelated to alcohol; NAFLD can develop into nonalcoholic steatosis (NASH), advanced fibrosis and hepatocellular carcinoma (HCC) (1). NAFLD is the fastest growing cause of HCC among liver transplantation candidates (2). NAFLD may also be involved in the pathogenesis of type 2 diabetes and atherosclerosis. Researchers recently reported that the global prevalence of NAFLD in T2DM patients was 55.5% (3).

The European Association for the Study of Obesity recommends in the NAFLD Clinical Practice Guidelines that screening for NAFLD in T2DM patients, although weight reduction is the basis for the treatment of NAFLD, drug therapy is also necessary because weight reduction alone is difficult to maintain therapeutic effects (4). In patients with T2DM complicated with NAFLD, the use of antidiabetic drugs is more effective than lifestyle changes in controlling glucose levels (5). In addition, lifestyle changes, combined with antidiabetic drugs, may reduce cardiovascular disease-related risk factors and liver fat accumulation and delay the progression of NASH and fibrosis. While there is no recognized drug for the treatment of NAFLD, many antidiabetic drugs have been tested in NAFLD patients due to the common epidemiological and pathophysiological characteristics between NAFLD and T2DM (6).

Pioglitazone, a thiazolidinedione derivative, is a peroxisome proliferator–activated receptor γ (PPARγ) agonist that ameliorates insulin resistance and improves glucose and lipid metabolism in type 2 diabetes (7, 8). Although a number of randomized controlled trials have been conducted to study the efficacy of pioglitazone in NAFLD combined with T2DM or prediabetes, there is no systematic review on randomized controlled trials (RCTs) of pioglitazone. Therefore, through the latest randomized controlled trials, we systematically reviewed the advantages and disadvantages of pioglitazone in the treatment of patients with prediabetes or T2DM combined with NAFLD.



Methods


Data Sources and Search Strategy

The systematic review scheme used in this study is reported in accordance with the preferred reporting items listed in the guidelines for systematic review and meta-analysis (PRISMA-P) (9). Our PROSPERO registration ID is CRD42020212025.

We performed electronic searches in the following databases: Cochrane Central Register of Controlled Trials (CENTRAL), Embase, and ClinicalTrials. We searched each database until August 2020, and the language was limited to English (the complete search strategy is shown in Appendix 1). The preferred reporting items of the systematic review and meta-analysis guidelines were followed at all stages of the study (the complete protocol is shown in Appendix 2).



Inclusion and Exclusion Criteria

We included a double-blind, placebo-controlled RCT of the effects of pioglitazone on patients aged between 18 and 70 with prediabetes or T2DM combined with NAFLD. Intervention duration < 4 weeks or any cause of chronic liver disease other than NAFLD and suffering from other types of chronic diseases, such as hypertension and coronary heart disease, were excluded, and studies that did not differentiate patients in the subgroup analysis were excluded. In addition, long-term use of hypoglycemic drugs, prescription drugs for the treatment of other chronic diseases, food supplements, and other nonhyperglycemic drugs (such as liver protection drugs) were excluded. For the crossover RCTs, the carrying effect is considered; therefore, we used the data from the first phase of the study.



Study Selection and Data Extraction

Two reviewers independently screened and identified the study and resolved their differences through discussion. In addition, a manual search of references in published systematic reviews and meta-analyses was performed to ensure that no studies were missing. Data were independently extracted to an Excel spreadsheet according to previously defined criteria. For each of the included studies, we extracted data such as study time, trial design, intervention measures and time, demographics, and baseline characteristics.

Our primary outcomes were the individual number of patients with improvement of at least 1 point in each of the histological parameters, which included four aspects: steatosis grade, inflammation grade, ballooning grade and fibrosis stage. Second, it includes resolution of NASH without worsening of fibrosis and individual histological score number of patients with improvement of at least 2 points from two different parameters. Our secondary outcomes were baseline characteristic data, such as BMI, weight, total body fat, fasting plasma glucose and fasting plasma insulin, and liver biological indicators, such as triglyceride level, HDL cholesterol level, plasma AST, and plasma ALT.



Quality Assessment

The Cochrane collaborative risk assessment tool was used to assess the risk of bias for each included study. The following aspects were evaluated: random sequence generation, allocation hiding, blindness of participants and personnel, blindness of result evaluation, incomplete result data, selective reporting and other biases. GRADE Pro (V.3.6) software was used to rate the overall quality of evidence for each outcome based on five evaluation criteria: risk of bias, inconsistency, indirectness, imprecision, and publication bias.



Data Synthesis and Statistical Analysis

For continuity variables, we used the standardized mean difference (SMD) and 95% CI for analysis. The meanings of SMD values should be interpreted as follows: 0.2 represents a small effect, 0.5 a moderate effect, and 0.8 a large effect. For dichotomous variables, we calculated the risk ratio of the 95% CI. We used changes before and after the intervention to assess the effectiveness of different drugs and placebos. When SD was not reported in the study, we derived SD from other studies included in the meta-analysis. We used P=0.05 as the statistically significant threshold. Meta-analysis software (RevMan V.5.3) was used for analysis, and heterogeneity was evaluated according to I2: 25%, 50 and 75% values were judged as mild, moderate and substantial heterogeneity, respectively. The random effects model was used to reduce the effect of heterogeneity. GRADE Pro (V.3.6) software was used to rate the overall quality of evidence for each outcome based on five evaluation criteria: risk of bias, inconsistency, indirectness, imprecision, and publication bias.




Results

We found a total of 137 articles from the target database, among which 138 full-text papers were qualified, and 20 full-text papers were excluded according to the research exclusion criteria (Figure 1). A total of 4 RCTs of pioglitazone in the treatment of patients with prediabetes or T2DM combined with NAFLD met the inclusion criteria (9–12). Most of the trials were conducted in the United States, including one in China, where the intervention duration was more than four months, with a maximum of 18 months.




Figure 1 | Flow chart showing the process for inclusion of RCTs about patients with prediabetes or T2DM combined with NAFLD. RCTs, randomized clinical trials.



Through the risk assessment using the Cochrane Collaboration risk assessment tool, it was found that the overall risk was moderate to low (Figure 2), which was mainly caused by allocation concealment, selective reporting, incomplete data, and unclear blind reporting in some studies.




Figure 2 | Risk of bias summary for review authors’ judgments about each risk of bias item for each included study.




Primary Outcomes

The meta-analysis showed (Figure 3) that in terms of the liver histological score, compared with placebo, pioglitazone significantly improved the steatosis grade [RR 1.78 (95% CI 1.05, 3.04, p= 0.03, I2 = 76%)], and the quality of the evidence was very low [summary of findings (SoF) Table 1]. There were also significant differences in inflammation grade [RR2.05 (95% CI 1.50, 2.80, p<0.00001, I2 = 0%; SoF Table 1)] and ballooning grade [RR 1.74 (95% CI 1.26, 2.40, p= 0.0007, I2 = 48%; SoF Table 1)]. However, in the fibrosis stage (Figure 3D), there was no significant improvement in pioglitazone compared with placebo [RR 1.25 (95% CI 0.90, 1.71, p= 0.18, I2 = 48%; SoF Table 1)]. In terms of the resolution of NASH (Figure 3E), compared with placebo, pioglitazone also significantly improved the rate of NASH resolution [RR1.76 (95% CI 1.18, 2.62, p= 0.005, I2 = 30%; SoF Table 1)]. In terms of individual histological scores, the number of patients with improvement of at least 2 points from two different parameters (Figure 3F) was also significantly higher in the pioglitazone group than in the placebo group [RR2.35 (95% CI 1.29, 4.29, P = 0.005, I2 = 55%; SoF Table 1)].




Figure 3 | The effect of pioglitazone in hepatic histologic scores(steatosis grade) with improvement of at least 1 grade (A); The effect of pioglitazone in hepatic histologic scores(Inflammation grade) with improvement of at least 1 grade (B); The effect of pioglitazone in hepatic histologic scores(ballooning grade) with improvement of at least 1 grade (C); The effect of pioglitazone in hepatic histologic scores(fibrosis stage) with improvement of at least 1 grade (D); The effect of pioglitazone in resolution of NASH without worsening of fibrosis (E); The effect of pioglitazone in reduction of at least 2 points in hepatic histologic scores (from two different parameters) (F).




Table 1 | Pioglitazone compared to Placebo for NAFLD Patients with Prediabetes or Type 2 Diabetes Mellitus.





Basic Characteristics

In terms of weight, although pioglitazone was found to increase the weight of patients in some studies, the meta-analysis showed that pioglitazone did not significantly increase the weight (Figure 4A) of patients compared with placebo (SMD0.04 [95% CI -0.20, 0.28, p= 0.75, I2 = 0%)] or BMI [SMD0.19 (95% CI -0.02, 0.40, p= 0.08, I2 = 39%; Figure 4B)]. For total body fat, the meta-analysis showed no significant difference between placebo and pioglitazone [SMD0.15 (95% CI -0.12, 0.41, p= 0.28, I2 = 2%; Figure 4C)]. In regard to glucose metabolism, only in HOMA-IR, pioglitazone was not significantly different from placebo [SMD -0.44 (95%CI -1.04, 0.15,p= 0.14, I2 = 79%; Figure 4D)], In addition, in fasting plasma glucose (SMD -0.68 [95%CI -0.95, -0.41, p<0.00001, I2 = 0%; Figure 4E)], fasting plasma insulin [SMD -0.55 (95%CI -0.82, -0.28, p<0.00001, I2 = 0%; Figure 4F)] and HbA1c [SMD -0.77(95%CI -0.99 -0.55, p<0.00001, I2 = 0%; Figure 4G)], pioglitazone was significantly lower than the placebo group, indicating that pioglitazone can significantly improve the glucose metabolic function of patients.




Figure 4 | The effect of pioglitazone on weight (A); the effect of pioglitazone on BMI (B); the effect of pioglitazone on total body fat (C); the effect of pioglitazone on HOMA-IR (D); the effect of pioglitazone on fasting plasma glucose (E); the effect of pioglitazone on fasting plasma insulin (F); and the effect of pioglitazone on HbA1c (G).





Biological Indicators of Liver

We also analyzed other biomarkers of the liver, and meta-analysis showed that compared with placebo, pioglitazone could significantly reduce the plasma AST (SMD-0.21 [95% CI -0.42, 0.00, p= 0.05, I2 = 34%; Figure 5A)] and ALT [SMD -0.36 (95% CI-0.57, -0.14, p= 0.03, I2 = 66%; Figure 5B)] levels in patients and significantly improve the liver function of patients. Pioglitazone also significantly increased patients’ HDL levels [SMD 0.28 (95%CI 0.07, 0.50, p= 0.009, I2 = 0%; Figure 5C)], but there was no significant change in LDL levels compared with placebo [SMD 0.16 (95%CI -0.18, 0.51, p= 0.35, I2 = 59%; Figure 5D)]. Moreover, there was no significant difference in triglyceride levels between the pioglitazone group and the placebo group [SMD -0.20 (95% CI -0.51, 0.12, p= 0.22, I2 = 52%; Figure 5E)].




Figure 5 | The effect of pioglitazone in plasma AST (A); the effect of pioglitazone in plasma ALT (B); the effect of pioglitazone in HDL (C); the effect of pioglitazone in LDL (D); and the effect of pioglitazone on triglyceride levels (E).





Adverse Events

Meta-analysis showed that pioglitazone was significantly more likely to cause adverse events than placebo [RR 1.65 (95% CI 1.13, 2.42, p= 0.01, I2 = 45%; Figure 6A)]. The risk of experiencing individual adverse events of hypoglycemia, chronic lower limb edema, atypical chest pain or epigastralgia and back or joint pain was significantly increased with pioglitazone compared with placebo. However, there was no significant increase in the risk of pioglitazone discontinuation due to adverse events compared to placebo [RR 1.30 (95% CI 0.81, 2.09, p= 0.27, I2 = 0%; Figure 6B)].




Figure 6 | Effects of pioglitazone on the risk of adverse events in patients with pre-diabetes or T2DM combined with NAFLD (A); Effects of pioglitazone on the risk of discontinuations in patients with pre-diabetes or T2DM combined with NAFLD (B); Effects of pioglitazone on the risk of Serious Adverse Events in patients with pre-diabetes or T2DM combined with NAFLD (C).



There was also no significant difference in the risk of serious adverse events between pioglitazone and placebo [RR 1.53 (95% CI 0.77, 3.05, p= 0.23, I2 = 0%; Figure 6C)]. In total, four deaths were reported across 1 trial, two in the pioglitazone group and two in the placebo group.



Publication Bias

Since we included fewer than 10 articles, publication bias testing was not recommended according to the Cochrane Collaboration Handbook. However, to better evaluate our research results, we performed a publication bias analysis on the primary outcomes by funnel plots. The visual inspection of funnel plots of our primary outcomes did not suggest potential publication bias (Figure 7).




Figure 7 | Publication bias assessment. (A) Funnel plots for hepatic histologic scores(steatosis grade); (B) Funnel plots for hepatic histologic scores(Inflammation grade); (C) Funnel plots for hepatic histologic scores(ballooning grade); (D) Funnel plots for hepatic histologic scores(fibrosis stage); Funnel plots for resolution of NASH (E); Funnel plots for reduction of at least 2 points in hepatic histologic scores (F).



For our primary outcomes, sensitivity analysis was used to assess the impact of each individual study on the pooled results by sequentially remove each eligible study. Deletion of any study has no significant effect on the results, indicating that the results were statistically stable and reliable.




Discussion

Nonalcoholic fatty liver disease is a frequently neglected and undertreated condition among patients with T2DM. Recent studies indicate that most obese patients with T2DM have NAFLD on imaging (13–15). T2DM patients with NAFLD have higher all-cause, cardiovascular (CV), and liver-related mortality (3, 16). A 150-month follow-up study showed that T2DM doubled the risk of all-cause, liver-related death in NAFLD patients (17). Therefore, it is necessary to actively explore the treatment plan for T2DM patients with NAFLD.

The results of our meta-analysis show that the evidence from published RCTs suggests that pioglitazone could significantly improve glucose metabolism, liver function and liver histology, such as steatosis grade, inflammation grade and ballooning grade, although there was no significant difference in fibrosis between pioglitazone and placebo. However, our results show that pioglitazone has efficacy in patients with T2DM combined with NFALD.

NASH is a more serious and progressive form of NAFLD and is characterized by inflammation and hepatocyte ballooning that set off fibrosis and pose a risk of developing cirrhosis and hepatocellular carcinoma (18, 19). In addition, studies through liver biopsy have found that approximately 30% to 50% of patients have steatohepatitis even in the presence of normal plasma aminotransferase levels (20–22). Our results show that pioglitazone can also significantly alleviate NASH in patients with prediabetes or T2DM combined with NAFLD.

In addition, pioglitazone significantly reduced plasma AST and ALT levels. Pioglitazone also significantly improved fasting glucose, HbA1c and plasma insulin levels. However, there were no significant effects on weight, BMI, total body fat, HDL or LDL compared with placebo.

Pioglitazone significantly increases the risk of adverse events, including hypoglycemia, chronic lower limb edema, atypical chest pain or epigastralgia and back or joint pain. There were two deaths in the pioglitazone arms and two in the placebo arms but insufficient power to detect an overall effect. However, because all of the studies we included were under 18 months, there is no proof so far that therapy with pioglitazone beyond 18 months brings additional histological benefits, and research in the future needs to clarify the optimal therapy duration and whether lower doses are beneficial. In addition, pioglitazone should be used with caution in T2DM patients due to the higher risk of heart failure (HF). Although a meta-analysis of 19 randomized controlled trials showed that pioglitazone treatment was associated with a reduced risk of major cardiovascular events, it was also associated with an increased risk of severe heart failure events (23).

At present, no meta-analysis has been conducted on pioglitazone in the treatment of prediabetes or T2DM patients with NAFLD. The results of a meta-analysis on NAFLD patients without T2DM showed that pioglitazone can significantly improve steatosis and inflammation but yielded significant weight gain. In addition, pioglitazone also reduced blood sugar, hemoglobin A1c, and other liver indicators, such as plasma triglycerides. This was broadly consistent with our results, except that our analysis showed no risk of weight gain, possibly due to inconsistencies in the inclusion of patients (24). Other meta-analyses also agreed on the beneficial effects of pioglitazone on lobular inflammation; however, there were still conflicting results for hepatic fibrosis (25, 26). The meta-analysis of Musso et al. showed that treatment with the antidiabetic drug pioglitazone reverses the more advanced stages of liver disease in NASH regardless of the presence of diabetes, but he combined T2DM with NAFLD and T2DM without NAFLD in a comprehensive analysis, which is still different from the study we included (27).

Recent guidelines recommend the identification of patients with advanced NAFLD with liver fibrosis and more intensive monitoring of the occurrence of complications but also acknowledge the lack of effective treatment options to reverse advanced liver disease. Our results also showed that pioglitazone was not effective in the treatment of liver fibrosis (28, 29).


Strengths and Limitations of This Study

NAFLD is a hot spot of recent research, and there are no specific guidelines for treatment plans for NAFLD patients. Currently, there are no drugs available for the treatment of NAFLD. Although the studies we included are limited, it is the first time that we have used the gold standard of liver biopsy as the main result and used a meta-analysis to comprehensively analyze the therapeutic effects of pioglitazone on glucose metabolism and liver biological indicators in patients with NAFLD. It should be mentioned that the limitations of our meta-analysis are related to the nature of the studies included. Currently, there are few randomized controlled trials involving pioglitazone in the treatment of NAFLD and T2DM, so we conducted a comprehensive analysis of NAFLD with IGT and NAFLD with T2DM. Second, we did not conduct a separate analysis of NASH and only analyzed it as an advanced NAFLD state. Finally, the sample size of the studies we included was also small, and the duration was less than 18 months, which also affected our analysis results to some extent. However, it should be noted that the American Association for the Study of Liver Diseases and the US Food and Drug Administration have the consensus that because of the progressive characteristics of nonalcoholic fatty liver disease, it is impractical and Infeasible to conduct large-scale, long-term studies to confirm treatment-related clinical benefits (30).




Conclusions

In conclusion, our results suggest that although pioglitazone has no significant effect on liver fibrosis, it can significantly improve liver histology, such as steatosis, inflammation and ballooning. Furthermore, pioglitazone can also improve insulin sensitivity and significantly reduce fasting blood glucose, glycosylated hemoglobin, plasma AST, ALT and other liver biological indicators. We suggest that pioglitazone can be used as a first-line therapy for NAFLD in the absence of FDA-approved pharmacological drugs for the treatment of T2DM patients with NAFLD, especially NASH.

It is also important to note that hypoglycemia, chronic lower limb edema, atypical chest pain or epigastralgia and back or joint pain are common side effects of pioglitazone treatment. In this regard, the risks and benefits should be considered before starting therapy.

In summary, due to the limitations of pioglitazone in the treatment of T2DM patients with NAFLD, such as fewer randomized controlled trials and shorter follow-up times, it is still necessary to design strict randomized controlled trials with large samples and long-term follow-up to prove the efficacy of pioglitazone to better guide clinical decision-making, patient selection and clinical practice guidelines.
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