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Abstract
This is the first meta-analysis of the available literature about the efficacy of metformin exclusively in pediatric patients with 
non-alcoholic fatty liver disease (NAFLD). We conducted a systematic literature search through major electronic databases 
till March 12, 2023, investigating the efficacy and safety of metformin in pediatric NAFLD. Weighted mean difference 
(WD) and standard deviation (SD) were used for continuous outcomes. In total, 4 randomized controlled trials (RCTs) with 
309 pediatric patients with NAFLD were included in the meta-analysis. Metformin could not reach a statistically signifi-
cant improvement in alanine aminotransferase (ALT) levels [(ALT: WMD =  − 1.55 IU/L, 95% CI: − 5.38 to 2.28, I2 = 16%, 
p = 0.43), but had a statistically significant impact (p < 0.05) in insulin and HOMA-IR regulation, triglycerides, and high-
density lipoprotein level improvement.

Conclusion: According to the data of this meta-analysis, treatment with metformin failed to statistically improve liver 
enzymes but may be beneficial in the improvement of lipid parameters and insulin metabolism regulation in pediatric patients 
with NAFLD. As there are not enough available studies in the literature, the influence of metformin on liver ultrasonography 
or histology in pediatric NAFLD should be further analyzed in future studies.

What is Known:
• Lifestyle modification with weight loss through physical activity and dietary modification is the recommended treatment option for pediatric 

NAFLD.
• Metformin may reduce steatosis on ultrasound and may have a beneficial role in liver histology collated with insulin resistance improvement.
What is New:
• Metformin may improve insulin sensitivity and lipid parameters in children with obesity and NAFLD.
• Metformin does not have a significant effect on transaminase levels in children with obesity and NAFLD.
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NASH  Non-alcoholic steatohepatitis
PICO  Population, Intervention, Comparison, and 

Outcome
PRISMA  Preferred Reporting Items for Systematic 

Reviews and Meta-analyses
RoB  Risk of bias
RCT   Randomized controlled trial
SD  Standard deviation
TCHOL  Total cholesterol
TG  Triglycerides
US  Ultrasound
WMD  Weighted mean difference

Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most 
common pediatric chronic liver disease, with its prevalence 
increasing among overweight and obese children and its 
incidence rising over time [1, 2]. NAFLD included a wide 
spectrum of manifestations, from simple hepatic steatosis to 
advanced non-alcoholic steatohepatitis (NASH) with histo-
logic features of inflammation and fibrosis, leading to end-
stage liver disease [2, 3]. Initial screening for the diagnosis 
of NAFLD includes the exclusion of secondary causes of 
liver steatosis and the use of two times the sex-specific ala-
nine aminotransferase (ALT) (≥ 52 U/L for boys and ≥ 44 
U/L for girls) in children ≥ 10 years, with body mass index 
(BMI) ≥ 85th and < 94th (overweight) or ≥ 95th percentile 
(obese), with a sensitivity of 88%, but low specificity of 26% 
[1, 2]. The “gold standard” method for diagnosis and disease 
staging is liver biopsy [2–4].

The currently recommended management option for 
pediatric NAFLD is lifestyle changes with weight loss 
through physical activity and dietary modification [2, 4]. 
Recent studies examined the use of metformin in children 
with NAFLD and showed promising results, but still con-
troversial [5–8]. Metformin has been shown to lead to a 
reduction of steatosis on ultrasound (US) having a possible 
beneficial role in liver histology collated with insulin resist-
ance improvement [8]. According to experimental studies, 
the positive effect of metformin in NAFLD is related to the 
activation of adenosine monophosphate-activated protein 
kinase (AMPK) that regulates the metabolic patterns of glu-
cose and lipids [9, 10]. Another hypothesis is that metformin 
oral administration is associated with changes in the gut 
microbiota and lower translocation of bacterial endotoxins 
resulting in insulin resistance improvement in patients with 
NAFLD [9, 11]. Finally, results of a recent meta-analysis in 
adult patients with NASH showed significant improvement 
in anthropometric parameters, insulin resistance, and lipid 
parameters in the group of metformin, but no improvement 

was revealed in liver histology parameters [12]. Taking into 
account the key characteristics of children, we conducted 
a systematic review and meta-analysis of randomized con-
trolled trials (RCTs) to clarify the effectiveness of metformin 
in the management of pediatric NAFLD.

Materials and methods

Study registration and search methodology

This meta-analysis was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines and the Cochrane Handbook for Sys-
tematic Reviews of Interventions [13, 14]. A prespecified 
protocol has been registered in OSF (https:// osf. io/ jmbz8). 
Our search strategy was based on the publications in the 
main medical e-databases (PubMed/MEDLINE and Scopus) 
(Appendix Table 1) including relevant terms for NAFLD, 
children, and metformin. There were no limitations for pub-
lication year. Studies published until March 12, 2023 were 
included in our meta-analysis. We screened all the references 
from the included studies for additional studies. Clinical-
trials.gov, PROSPERO, OSF, conference papers, and grey 
literature were searched to identify relevant unpublished or 
published studies and trials to avoid duplication. Finally, 
only studies published in English language were included 
in our systematic review and meta-analysis.

Eligibility criteria

In this systematic review, we included studies — observational 
or clinical trials — conducted on pediatric patients with 
NAFLD, while in the meta-analysis, we included only placebo-
controlled RCTs. The research question (PICO) was defined 
using the following criteria [15]: articles published in English 
language with no limitation on the publication year; children 
and adolescents with NAFLD; the diagnosis of NAFLD 
was made by US, magnetic resonance imaging, computed 
tomography, or liver biopsy [2]; metformin with or without 
co-administration of other active interventions and placebo 
was administered orally to the subjects of the intervention and 
control groups for at least 8 weeks accordingly; the primary 
outcomes were mean change in alanine aminotransferase 
(ALT); the secondary outcomes were changes in aspartate 
aminotransferase (AST), body mass index (BMI) serum lipids 
[total cholesterol (TCHOL), high-density lipoprotein (HDL), 
low-density lipoprotein (LDL), triglycerides (TG)], fasting 
blood glucose (FBG), fasting blood insulin, homeostasis model 
assessment-insulin resistance (HOMA-IR), and US evaluation 
indicative of steatosis; studies that involved patients with 
chronic liver conditions or adults were excluded.

https://osf.io/jmbz8
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Study procedure

Two authors (PM and MM) independently performed the 
search of the literature extracting and importing all records in 
a reference management tool (rayan.qcri.org), and duplicates 
were removed [16]. Then, they independently screened the 
title and abstract of all the retrieved records. The remaining 
studies were assessed independently by full-text reading, and 
in case of disagreements, a third reviewer (NG) made the 
final decision. Finally, two reviewers (PM and MM) inde-
pendently extracted the data (publication year, study location, 
identification number, number of patients included in each 
study, treatment and patients’ characteristics, and duration 
of follow-up) of the eligible studies into a pre-specified data 
extraction form. If any study missed data, corresponding 
authors were contacted to obtain sufficient data.

Quality assessment

The risk of bias was assessed independently by two exam-
iners (NG and AG) using the revised Cochrane risk-of-bias 
(RoB 2.0) tool for randomized trials for each outcome [14, 
17]. RoB tool consists of five domains: detection bias; attri-
tion bias; reporting bias, and the overall assessment of RoB. 
Studies were graded as low risk when all domains were clas-
sified as “low risk”, “some concerns,” or “high risk” in stud-
ies which had one domain classified as “high risk,” or three 
domains were classified as some concerns.

Outcome measurements

The primary outcome was the mean change in ALT levels 
after treatment with metformin. Secondary outcomes were 
mean changes in AST levels, lipid profile (TCHOL, LDL, 
HDL, TG), mean change in BMI, FBG, fasting blood insu-
lin, HOMA-IR, and US improvement of steatosis after treat-
ment with metformin. US improvement was assessed by US 
echogenicity grading score (grade 0: normal liver without 
steatosis; grade 1: mild steatosis; grade 2: moderate steato-
sis; grade 3: severe steatosis).

Statistical analysis

Review manager software 5.4 (RevMan 5.4) was used for 
statistical analyses when data were available for at least 
two RCTs [14]. Mean values and standard deviations (SD) 
were used for quantitative data analysis. Mean changes in 
mean values between post-intervention and baseline val-
ues were measured and presented as weighted mean dif-
ference (WMD) for continuous outcomes. Qualitive data 
were analyzed using 95% confidence interval (95% CI). 

Heterogeneity between the studies was assessed using the 
I2 test. I2 value < 40% was set as low, 30–60% as moderate, 
50–90% as substantial, and 75–100% as considerable [14]. 
When I2 was > 50%, the random effect model was applied. 
For the analyses, p-value < 0.05 was considered statistically 
significant. Finally, we conducted a leave-one-out analysis, 
omitting each study consecutively to explore its effect on the 
overall outcome [14].

Results

Search results

In total, 5627 records were identified from our literature 
search. After duplicate removal and title and abstract screen-
ing, 37 studies remained for full-text assessment for eligibil-
ity. Finally, seven studies (five RCTs, a single-arm clinical 
trial and an observational study) were included in the sys-
tematic review (Fig. 1; Table 1) [6, 7, 18–22].

Baseline characteristics

The total randomized patients included in our meta-analysis 
were 309 from 4 RCTs (Table 1) [6, 19–21]. Participants’ 
mean age ranged from 8.24 ± 2.17 to 15.1 ± 10.8, and the 
male ratio (%) ranged from 32.9 to 82.5. The duration of 
RCT follow-up ranged between 3 and 28 months. The RCTs 
had an optional or mandatory co-intervention with lifestyle 
changes (nutritional counseling, diet, and exercise). Most 
studies used 1000 mg of metformin per day [18–20, 22], 
two studies used 1500 mg daily [7, 18], one study used 
850 mg [6], and one study used 1700 mg of metformin [21]. 
Finally, most studies included only children with obesity and 
NAFLD [6, 18, 20–22], and only two studies included both 
overweight and obese patients [7, 19].

Risk of bias in the included RCTs

Three studies were evaluated as having “some concerns” 
about the risk of bias [6, 19, 21]. Only one study was evalu-
ated as having a “low” risk of bias [20]. A summary of the 
risk of bias assessment is described in Fig. 2.

Analysis of primary outcome

The effect of metformin on serum ALT levels was evalu-
ated in three studies [19–21]. Metformin did not reveal a 
significant impact in ALT levels (WMD =  − 1.55 IU/L, 95% 
CI: − 5.38 to 2.28, I2 = 16%, p = 0.43) (Fig. 3).
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Analysis of secondary outcomes

Treatment with metformin showed no improvement in AST 
levels, BMI, and FBG levels (Figs. 4, 5, and 6). Metformin 
revealed a significant insulin regulation impact with statisti-
cally significant improvement in HOMA-IR (WMD =  − 1.22, 
95% CI: − 1.69 to − 0.76, I2 = 0%, p < 0.00001) and insulin 
levels (WMD =  − 6.20, 95% CI: − 8.64 to − 3.76, I2 = 0%, 
p < 0.00001) (Figs. 7 and 8). Regarding serum lipid con-
centration, no significant change was detected in TCHOL 
and LDL levels (Figs. 9 and 10). Conversely, metformin 
revealed a significant difference in HDL (WMD =  − 1.91, 
95% CI: 0.68 to 3.14, I2 = 0%, p = 0.002) and TG lev-
els (WMD = 19.37, 95% CI: − 30.64 to − 8.10, I2 = 0%, 
p = 0.0008) (Figs. 11 and 12). US and histopathological data 
from three studies could not be synthesized and analyzed 
due to the different data demonstration [19–21]. Finally, only 
two studies evaluated the impact of metformin on the risk of 
gastrointestinal disorders (Fig. 13) [6, 21]. No increased risk 
of gastrointestinal disorders was revealed after treatment with 
metformin compared to the control group.

Leave‑one‑out analysis

We carried out a leave-one-out sensitivity analysis for 
each outcome excluding each study separately to investi-
gate any significant changes in the estimated effect with no 
significant changes noted for the primary outcome. Only 
after the exclusion of Akcam 2011 a statistically significant 
improvement of FBG levels (p < 0.00001) and heterogeneity 
improvement (I2 = 0%) were revealed [6].

Publication bias assessment

We could not assess publication bias with safety due to the 
small study number included in our meta-analysis (only 
four RCTs). For publication bias assessment, at least 10 
studies in a meta-analysis are needed [23, 24]. Therefore, 
with a visual interpretation of the funnel plots (Appendix 
Figs. 2–12), the trim-and-fill method to estimate the effect 
size, and Egger’s test, we concluded that no increased risk 
for publication bias is raised regarding the studies included 
in this meta-analysis [23–25].

Number of records after duplicates removed (n=5,371)

Number of full-text articles excluded with reasons (n=30)
-included adult population (n=4)
-wrong study design (n=14)
-wrong publication type (n=12)

Number of records identified 

through searching electronic

databases (PubMed, Scopus, 

Cochrane Library) (n=5,620)

Number of records identified 

through searching other 

sources (n=5)

Number of titles and abstracts 

screened (n=5,371)
Number of reports excluded 

based on title and abstract 

(n=5,334)

Number of full-text articles 

assessed for eligibility (n=37)

Studies included in qualitative 

synthesis (n=7)

Studies included in

quantitative synthesis (meta-

analysis) (n=4)
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Fig. 1  PRISMA 2009 flow diagram for study selection
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Discussion

In this systematic review and meta-analysis, we evaluated 
the efficacy of metformin administration in pediatric patients 
with NAFLD. We included seven studies [6, 7, 18–22] with 
five RCTs [6, 18–21]. Treatment with metformin failed to 
significantly decrease transaminase levels but led to a sta-
tistically significant improvement of HOMA-IR, insulin, 
HDL, and TG levels after meta-analysis of included RCTs 
[6, 18–21].

NAFLD is the most common chronic liver disease, char-
acterized by abnormal triglyceride accumulation in the liver 
cells after the exclusion of other causes of liver steatosis [2, 
26, 27]. According to recent data, the incidence of NAFLD 
is estimated at 25% globally (8% in adolescents) [28, 29]. 
NAFLD spectrum is wide including NAFLD, NASH with/
without cirrhosis, and hepatocellular carcinoma [2, 4]. 
International expert groups have reached a consensus to 
change the definition of NAFLD to metabolic-related fatty 
liver disease (MAFLD) due to pathogenesis and clinical 
presentation of this condition [30]. As no other medicine 
or supplement is proposed, lifestyle changes with diet and 
exercise are the only acceptable treatment option for pedi-
atric NAFLD [2, 4].

The main benefits of metformin are the inhibition of 
hepatic gluconeogenesis and lipogenesis, improvement of 
lipid metabolism, fatty acid oxidation, and peripheral tis-
sue insulin sensitivity [26–28, 31]. Metformin reduces the 
production of liver glucose and increases peripheral glucose 
uptake. It is an indirect activator of AMPK, an enzyme that 
according to experimental data leads to decreased intracel-
lular fat accumulation and lipogenesis and inhibits lipid bio-
synthesis [9, 10].

The effect of metformin in patients with NAFLD has been 
previously explored [5, 8, 12, 26, 32–34]. Mann et al. con-
ducted an extensive systematic review on lifestyle, dietary, 
and pharmacologic treatment options in pediatric NAFLD, 
but the lack of a meta-analysis led to a more arbitrary con-
clusion regarding the real benefit of metformin [8]. Theo-
doridis et al. conducted a network meta-analysis to compare 
a great variety of treatment options in pediatric NAFLD but 
did not include all the available studies evaluating interven-
tion with metformin [5]. The rest of the systematic reviews 
and meta-analyses missed most of the data regarding pedi-
atric NAFLD or focused mainly on adult patients with 
NAFLD [12, 26, 32–34].

To our knowledge, this is the first available systematic 
review and meta-analysis that provides the most updated Ta
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Fig. 3  Impact of metformin on ALT, alanine aminotransferase

Fig. 4  Impact of metformin on AST, aspartate aminotransferase

Fig. 5  Impact of metformin on BMI, body mass index

Fig. 6  Impact of metformin on FBG, fasting blood glucose

Fig. 7  Impact of metformin on HOMA-IR, homeostasis model assessment-insulin resistance
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Fig. 8  Impact of metformin on insulin

Fig. 9  Impact of metformin on TCHOL, total cholesterol

Fig. 10  Impact of metformin on LDL, low-density lipoprotein

Fig. 11  Impact of metformin on HDL, high-density lipoprotein

Fig. 12  Impact of metformin on TG, triglycerides
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data from recent studies, examining the effect of metformin 
exclusively in pediatric patients with NAFLD. We included 
four well-designed, placebo-controlled RCTs in this meta-
analysis evaluating a great variety of clinical important 
endpoints [6, 19–21]. We followed an extensive literature 
search process through major medical databases, confer-
ence papers, and grey literature, screening all the available 
studies [14, 23]. As control groups in this meta-analysis, 
we used pediatric patients with NAFLD who received pla-
cebo for a pure comparison with the metformin group in 
order to draw safe results. RoB 2.0 tool was used for qual-
ity analysis, and Cochrane Handbook instructions were fol-
lowed for the whole review process [14]. Moreover, low 
heterogeneity for all outcomes assessed was between the 
main advantages of this meta-analysis. Only one study had 
a duration of 3 months of treatment [20] with the remain-
ing studies included in this meta-analysis ranging from 6 
to 28 months of intervention [6, 19, 21]. Furthermore, no 
significant adverse events were reported in included studies, 
even if some patients dropped out. Finally, improvement of 
insulin and lipid parameters shows that metformin may have 
a significant role in the regulation of “parallel multiple-hit 
theory” pathways, targeting insulin resistance and excess 
lipid accumulation [35, 36].

The studies included in our systematic review and meta-
analysis showed that metformin improves insulin sensitiv-
ity and may improve a variety of fatty liver parameters 
in children with NAFLD. Homaei et al. reported that the 
US fatty liver grade decreased more in the metformin 
group than in the other study groups (p < 0.05) [20]. In 
Nadeau et al., subjects with initial fatty liver in metformin 
group had significantly lower US fatty liver score than 
those in the placebo group [21]. In Shiashi Arani et al.’s 
trial, both metformin groups (1000 mg and 1500 mg per 
day groups) improved the US grade of fatty liver disease 
after 2 months of treatment (p < 0.05), but the group that 
received 1000 mg of metformin per day was the only one 
that showed statistically significant improvement after 
4 months of treatment [18]. Lavine et  al. showed sig-
nificant improvement in hepatocellular ballooning scores 
after metformin administration (p = 0.04) in comparison 

to the control group, with no further significant improve-
ment noted in other liver histology parameters [19]. In 
the observational study of Nobili et al., metformin did 
not appear more effective in steatosis and liver histology 
improvement than the control group [7]. Finally, Schwim-
mer et al. demonstrated significant improvements in liver 
fat in children with NAFLD measured by magnetic reso-
nance spectroscopy (p < 0.01) [22].

Our systematic review and meta-analysis had some limi-
tations that must be acknowledged. Despite the extensive 
literature search, only seven studies (four RCTs included 
in this meta-analysis) were eligible to be included in our 
study. Therefore, the small number of studies and included 
patients did not allow for any further subgroup analysis. The 
main limitation of our study is the lack of a meta-analysis 
regarding changes in liver histology after treatment with 
metformin, which is the gold standard for NAFLD diagno-
sis and monitoring [3, 37]. This is a common disadvantage 
of most studies on pediatric patients with NAFLD. Another 
reason is that we were unable to synthesize US results as 
they were presented with different scoring systems, either by 
the incidence of fatty liver [18, 21] or by liver grade after the 
intervention [20]. Another possible limitation of our study 
was that all included studies recommended lifestyle changes. 
Lifestyle change including diet and physical activity modi-
fications during treatment with metformin is considered the 
first-line option in the management of pediatric NAFLD [2, 
4]. Studies included in this meta-analysis did not use the 
same dosages of metformin per day or the same follow-up 
periods influencing the results. Regarding the risk of bias, 
most studies included in our meta-analysis were evaluated 
as having some concerns [6, 19, 21]. Finally, no statistically 
significant improvement was detected regarding transami-
nases, a surrogate marker for NAFLD activity and severity 
monitoring [2, 3].

According to the findings of our systematic review meta-
analysis, apart from lifestyle changes, metformin, a classic 
insulin sensitizer seems to lead to some benefits in children 
with NAFLD, especially those with obesity, by improving 
some metabolic syndrome individual parameters. How-
ever, to confirm these findings, more studies are needed to 

Fig. 13  Impact of metformin on the risk for gastrointestinal side effects
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examine the effect of metformin on US parameters and liver 
histology through serial liver biopsies.

In conclusion, metformin seems to be effective in improv-
ing insulin parameters as long as some lipid parameters in 
children with obesity and NAFLD. No significant effect on 
transaminase levels was noted. Analysis of liver US data 
from the studies included in the meta-analysis was not pos-
sible to draw safe conclusions. Future RCTs, examining the 
role of metformin on liver US and histology parameters 
should be conducted to confirm its beneficial effect on chil-
dren with NAFLD.
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