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Abstract
Background Intermittent fasting (IF) can be an effective dietary therapy for weight loss and improving 
cardiometabolic health. However, there is scant evidence regarding the role of IF on indicators of liver function, 
particularly in adults with metabolic disorders. Therefore, we performed a systematic review and meta-analysis to 
investigate the effects of IF on liver function in adults with metabolic disorders.

Methods Three primary electronic databases including PubMed, Web of Science, and Scopus, were searched from 
inception to September 2024 to identify original studies that used IF interventions with or without control groups 
in adults with metabolic disorders. Inclusion criteria were (1) studies of human participants with metabolic diseases, 
(2) interventions that evaluated the effects of IF, (3) with or without a control group, and (4) measured liver fat, liver 
steatosis, liver fibrosis, or liver enzymes, including alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) as primary outcomes. Standardized mean differences (SMD) and 95% confidence intervals were calculated 
using random effects models. Heterogeneity was assessed using the Cochran’s Q statistic and I-squared statistic 
(I2). Publication bias was assessed using the visual inspection of funnel plots and Egger’s tests. The risk of bias was 
assessed using the PEDro scale and the NIH quality assessment tool.

Results A total 21 studies involving 1,226 participants with metabolic disorders were included in the meta-analysis. 
Overall, IF effectively decreased liver fat with a large effect size [SMD: -1.22 (95% CI: -1.63 to -0.80), p = 0.001], liver 
steatosis with a medium effect size [SMD: -0.73 (95% CI: -1.12 to -0.35), p = 0.001], ALT with a small effect size [SMD: 
-0.44 (95% CI: -0.58 to -0.30), p = 0.001], and AST with a small effect size [SMD: -0.30 (95% CI: -0.49 to -0.11), p = 0.001], 
but not liver fibrosis [SMD: -0.28 (95% CI: -0.59 to 0.02), p = 0.07]. Subgroup analyses showed that IF decreased liver fat 
and ALT significantly, independent of IF mode, participant age, health status, weight status, and intervention duration. 
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Introduction
The worldwide prevalence of obesity and comorbid dis-
eases has increased substantially in recent decades, 
leading to increased incident cardiometabolic diseases, 
mortality, and healthcare costs [1–3]. Recognized as a 
major public health pandemic, obesity is known as a 
primary and independent factor for the development of 
cardiometabolic diseases [4]. The link between obesity 
and cardiometabolic diseases is mediated by dyslipid-
emia, hypertension, systemic inflammation, and insulin 
resistance [4–6]. In addition, as a result of the obesity 
pandemic, nonalcoholic fatty liver disease (NAFLD), 
characterized by an increase in intrahepatic liver fat con-
tent with and without fibrosis, is the most common cause 
of chronic liver disease in the world [7, 8]. NAFLD is a 
spectrum of progressive liver disease including steato-
sis, steatohepatitis, fibrosis, and cirrhosis [9, 10]. NAFLD 
is related to cardiometabolic diseases via alterations in 
hepatic lipid content, lipoprotein and glucose metabo-
lism, impaired vascular function, and systematic inflam-
mation [11–15]. Additionally, metabolic diseases such as 
obesity and diabetes contribute to liver damage and fibro-
sis via increased oxidative stress and systemic inflam-
mation [16, 17], and the rates of liver disease in patients 
with T2D are increasing [14]. Furthermore, NAFLD also 
occurs in individuals without obesity, though often goes 
undiagnosed [18]. Therefore, preventing of impaired liver 
function and progression of liver damage is important 
for patients with or without NAFLD. At present, nutri-
tional interventions, such as reducing calorie intake or 
increasing energy expenditure are considered as effective 
non-pharmacological approaches to treat liver diseases 
[19–23].

Lifestyle interventions including dietary therapy and 
physical activity are the first-line therapeutic and preven-
tive strategies for many metabolic disorders, and clinical 
guidelines have proposed weight loss as the cornerstone 
for the treatment and management of metabolic diseases 
including obesity, diabetes, and NAFLD [22, 24–26]. 
Previous research has indicated significant improve-
ments are achieved in a dose-dependent manner in liver 
inflammation, ballooning, and resolution of NAFLD 

[23]. Caloric restriction (CR) is a nutritional interven-
tion whereby energy intake is reduced by 15–60% of 
daily energy, and has been the most common approach 
for weight reduction described in the research litera-
ture. In this large body of evidence, clinical effects on 
several cardiometabolic risk factors have been reported 
to vary according to patient health status [27–31]. The 
potential beneficial role of CR for improving liver func-
tion and lowering liver fat content is also known [32–34]. 
In recent years, intermittent fasting (IF) has become 
popular and has been proposed as a promising alternate 
dietary therapy for the treatment and management of 
obesity and cardiometabolic diseases. Some evidence has 
suggested that IF may be effective due to high adherence 
levels and compliance with this change in eating timing 
[35–37]. IF encompasses eating patterns with periods of 
fasting with little or no energy intake (e.g., 16–48 h), fol-
lowed by periods of feeding with usual food intake. While 
numerous types of IF have been described, they can be 
categorized into four primary forms, including alternate 
day fasting diets (ADF), periodic fasting, 5:2 diets, and 
time restricted feeding (TRF) [36, 38].

Regardless of IF mode, several meta-analyses have 
been conducted to determine whether IF is effective for 
improving cardiometabolic health outcomes and weight 
loss, with some promising results on body composi-
tion and cardiometabolic risk factor [36, 39–46]. Several 
clinical trials have been conducted to evaluate liver func-
tion following IF intervention [47–55]. Particularly, all 
modes of IF, including TRF [48], 5:2 diet [54] and ADF 
[50] reported to promote liver function in patients with 
NAFLD. Due to its clinical significance, IF is gaining pop-
ularity, but little is known about the effective mode of IF 
on liver function. A previous meta-analysis with a small 
number of studies (n = 6) reported beneficial effects of 
IF on weight management and liver enzymes in patients 
with NAFLD [56]. However, yet there is no comprehen-
sive meta-analysis to address the influence of IF modes 
on liver function. Therefore, we performed an updated 
and more comprehensive systematic review and meta-
analysis to investigate the effects IF on liver function 

IF significantly decreased liver fibrosis in those with obesity; and decreased AST following 5:2 diets, in middle-aged 
adults, adults with obesity, and regardless of health status or intervention duration.

Conclusions IF seems to be an effective dietary therapy for improving liver function in adults with metabolic 
disorders, and many of liver function-related benefits occur regardless of IF mode, intervention duration, or participant 
health status.

Limitations Significant heterogeneity, small numbers of studies and inclusion of non-randomized trials or single-
group pre-post trials were the main limitation of our meta-analysis. Further randomized clinical trials are needed to 
elucidate the effects of IF on liver function in adults with metabolic disorders.
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parameters, including liver fat content, fibrosis, steatosis, 
and enzymes in adults with metabolic diseases.

Methods
The current systematic review and meta-analysis was 
conducted according to the guidelines in the Cochrane 
Handbook for Systematic Reviews of Interventions, and 
the Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) checklist. The protocol was 
prospectively registered in the International Prospective 
Register for Systematic Reviews (PROSPERO) database 
with ID: CRD42024531043.

Search strategy
Three primary electronic databases including PubMed, 
Web of Science, and Scopus were searched through Sep-
tember 2024. The searches were conducted using the key 
words including “intermittent fasting”. Human, English 
and article were limited when studies were available in 
databases. In addition, hand searches of reference lists 
of the included studies and previous a meta-analysis [56] 
were conducted to identify potential additional stud-
ies. Furthermore, snowballing search through backward 
searching using article reference list and forward search-
ing by looking at who cited it were also performed [57]. 
Additional search was also conducted from grey litera-
ture source; however, no extra studies were included due 
to lack of eligibility criteria or duplicates records. The 
complete search strategy is presented in the supplemen-
tary Table 1. The searches were conducted with two inde-
pendent reviewers (M Kh and F G).

Study selection and inclusion/exclusion criteria
All records retrieved from the electronic database 
searches were imported into EndNote (version 21). After 
removing duplicate records, the study selection was con-
ducted in two steps against inclusion and exclusion cri-
teria, by two independent reviewers (F G and Sh Kh). 
Any disagreements were resolved via discussion between 
reviewers or with a third reviewer when needed (M 
Kh). In the first step, the titles and abstracts of all stud-
ies were screened to identify potentially relevant to the 
scope of our study. Subsequently in the second step, the 
full-texts of relevant studies were screened for inclusion 
based on the eligibility criteria. The original studies were 
considered to be eligible if they met the following PICOS 
criteria (1-Participants, 2-Intervention, 3-Comparator, 
4-Outcome, and 5-Study design), including (1) studies 
of human participants with metabolic diseases, such as 
overweight, obesity, diabetes, metabolic syndrome, or 
NAFLD, regardless of age and biological sex; (2) inter-
ventions that evaluated the effects of IF with durations 
longer than 2 weeks, regardless of IF mode; (3) stud-
ies with or without a control group; (4) measured and 

reported the primary outcomes of liver fat, liver steatosis, 
liver fibrosis, or liver enzymes, including alanine amino-
transferase (ALT) and aspartate aminotransferase (AST) 
and (5) randomized and non-randomized trials or single-
group pre–post trials with parallel or crossover designs. 
In addition, articles had to be published in English, peer-
reviewed, and had the full-text available. The exclusion 
criteria were non-original studies, animal studies, pub-
lished abstracts only, duplicate studies, and articles where 
data were not available to perform a meta-analysis. Also, 
studies involving participants without metabolic disor-
ders, pregnant women or children, and studies involving 
Ramadan fasting were excluded.

Data extraction and synthesis
Data extraction was completed by two independent 
reviewers (F G and A H M) and any disagreements were 
resolved by discussion between reviewers or with a third 
reviewer (M Kh). Using Cohen’s kappa statistics inter-
rater agreement [58] prior to correction disagreements 
was 0.83. The following data were extracted from indi-
vidual studies: study information including first author 
name, publication year, study design; participant charac-
teristics including participant ages, BMI, biological sex, 
and health status; intervention characteristics including 
mode, duration, and intermittent fasting protocols; out-
come variables, and measurement methods. In addi-
tion, to calculate effect sizes, mean changes (post values 
- pre values), standard deviations (SD) and sample sizes 
for each group were extracted. For studies that reported 
means and SDs as pre- and post-intervention values, 
mean changes were calculated by subtracting the pre-
exercise from the post-exercise values, and SD changes 
using the following formula:

In addition, when requires, these data were extracted 
from figures using GetData software, or were calculated 
from other data such as standard errors, medians and 
IQRs, or confidence intervals using relevant formulas 
[59–61]. When studies included more than one IF inter-
vention arm, all interventions were included as separate 
intervention arms. If studies presented both ITT and 
post-pre protocol values with complete data, only the 
data from the ITT were included. However, when means 
and SDs were not presented in the published article, or 
when they could not be calculated from other data, the 
corresponding authors were contacted and asked to pro-
vide missing data.
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Risk of bias assessment
The risk of b; ias of the included studies was assessed 
using the Physiotherapy Evidence Database (PEDro) 
scale, which is a valid measure of the methodological 
quality of clinical trials [62] and the NIH quality assess-
ment tool for single-group trials [63]. Quality assess-
ment were carried out by two independent reviewers (F 
G and A H M) and any conflicts were resolved by a third 
reviewer. The details of the risk of bias assessment are 
presented in supplementary Tables 2 and 3.

Meta-analysis
For each outcome, the IF versus either the control (CON) 
or the post-intervention values versus pre-intervention 
values, were compared according to the mean changes 
from post-intervention to baseline for each study. To cal-
culate effect sizes, standardized mean difference (SMD), 
weighted mean difference (WMD), and 95% confidence 
intervals (CI) were calculated using random effects mod-
els. SMDs and WMDs were chosen based on whether 
the measurement units were the same or not. Random 
effects models were chosen due to assumed heterogene-
ity was likely from a clinical or methodologic perspec-
tive [64] and studies with greater potential for bias, such 
as uncontrolled or nonrandomized ones, show greater 
treatment effect as well as greater heterogeneity [65] 
which may have affected the results. When there were 
sufficient data, subgroup analyses were performed based 
on IF mode (ADF, 5:2 diets, or TRF), mean age (middle-
aged: < 50 years vs. older adults ≥ 50 years), BMI (non-
obese: < 30  kg.m2 vs. obese ≥ 30  kg.m2), health status 
(with NAFLD vs. without NAFLD), intervention dura-
tion (medium-term: <16 weeks vs. long-term: ≥16 weeks) 
and study design (with or without control groups). Het-
erogeneity among included studies was assessed using 
the Cochran’s Q statistic (significance level: < 0.05) and 
Tau Squared and the I-squared statistic (I2) where I was 
interpreted as low heterogeneity (25%), moderate hetero-
geneity (50%), and high heterogeneity (75%) [61]. Com-
prehensive meta-analysis (CMA) 3.0 statistical software 
was employed for the forest plots. Publication bias was 
examined through visual inspection of funnel plots and 
Egger’s tests as secondary outcomes (significant levels: < 
0.10) [66]. Where there was bias indicated, the trim and 
fill method was used to determine bias-adjusted results 
[67]. In addition, when there were more than 10 interven-
tion arms for any meta-analysis, sensitivity analyses were 
performed by omitting individual studies to insure that 
the results were not influenced by a single study.

Results
Search results
 The database searches yielded 3876 records, of which 
2712 records remained after removing the duplicates. 

Following the first step of evaluation, 2643 records were 
removed and 102 records remained for the full-text 
screening. In the second step screening, 81 articles were 
excluded for reasons presented in Fig. 1. Finally, 21 stud-
ies were included in the meta-analysis [47–55, 68–79]. 
Among the included studies, 14 studies [47, 50, 51, 
53–55, 68–70, 72, 74–76, 79] consisted of IF and CON 
groups, and seven studies [48, 49, 52, 71, 73, 77, 78] con-
sisted only IF without a CON trial. In addition, several 
studies had more than one intervention arm [47, 48, 52, 
70, 79]. The detailed flow of the systematic search accord-
ing to the PRISMA guidelines is presented in Fig. 1, and 
study characteristics are presented in Table 1.

Studies characteristics
 The details of the participant and intervention character-
istics, as well as the outcomes assessed in the studies, are 
presented in Table 1. Briefly, a total of 1226 participants 
with metabolic disorders were included. The age of par-
ticipants was ranging from 23 [79] to 67 [76] years, and 
BMI was ranging from 27 [47] to 37 [50] kg.m2. Among 
included studies, nice studies involved patients with 
NAFLD [47, 48, 50, 51, 53, 54, 69, 77, 78], and other stud-
ies involved patients with overweight, obesity, T2D, or 
chronic kidney disease [49, 52, 55, 68, 70–76, 79]. Except 
for three studies that included males or females only [52, 
70, 74], all other studies included both males and females. 
Regarding the IF characteristics, the modes, including 
ADF, 5:2 diets, and TRF, with intervention durations 
ranging from six weeks to 12 months. Four studies used 
two modes of IF in separate study arms [47, 48, 70, 79].

Meta-analysis results
Liver fat content
 Pooling data from 12 trials including three between-
group comparisons and nice within-group comparisons 
showed that IF effectively decreased liver fat content 
with a large effect size [SMD: -1.22 (95% CI: -1.63 to 
-0.80), p = 0.001] (Fig. 2). There was high and significant 
heterogeneity amongst studies (I2 = 86.26, Tau2 = 0.42, 
p = 0.001). Visual interpretation of the funnel plot sug-
gested potential publication bias, but the Egger’s test did 
not confirm the bias (p = 0.14). When the missing studies 
were accounted using the trim and fill method, the over-
all effect size was increased [SMD: -1.61 (95% CI: -2.09 
to -1.12)]. Several subgroup analyses were performed, 
indicating that liver fat content decreased with ADF 
[SMD: -1.08 (95% CI: -1.79 to -0.37), p = 0.003], 5:2 diets 
[SMD: -0.84 (95% CI: -1.46 to -0.23), p = 0.007], and TRF 
[SMD: -1.57 (95% CI: -2.31 to -0.84), p = 0.001]; in both 
young adults to middle-aged adults [SMD: -1.01 (95% CI: 
-1.18 to -0.83), p = 0.001] and middle-aged to older adults 
[SMD: -1.53 (95% CI: -2.62 to -0.45), p = 0.005]; in partici-
pants with obesity [SMD: -1.25 (95% CI: -1.75 to -0.76), 



Page 5 of 15Khalafi et al. Nutrition & Metabolism            (2025) 22:1 

p = 0.001] and without obesity [SMD: -1.09 (95% CI: -1.48 
to -0.70), p = 0.001]; adults with NAFLD [SMD: -1.37 
(95% CI: -2.18 to -0.56), p = 0.001] and without NAFLD 
[SMD: -1.03 (95% CI: -1.43 to -0.63), p = 0.001]; and 
adults with medium-term [SMD: -1.30 (95% CI: -1.96 to 
-0.63), p = 0.001] and longer-term [SMD: -1.04 (95% CI: 
-1.24 to -0.84), p = 0.001] interventions. In addition, sub-
group analysis based on the study deign showed that liver 
fat content was decreased in both studies with control 
[SMD: -1.35 (95% CI: -0.64 to -0.06), p = 0.01] and stud-
ies without control [SMD: -1.50 (95% CI: -1.97 to -1.04), 
p = 0.001] groups.

Liver fibrosis
Pooling data from 11 trials, including eight between-
group comparisons and three within-group comparisons 

showed that IF did not significantly decrease liver fibro-
sis [SMD: -0.28 (95% CI: -0.59 to 0.02), p = 0.07] (Fig. 3). 
There was high and significant heterogeneity amongst 
studies (I2 = 75.56, Tau2 = 0.20, p = 0.001). Visual inter-
pretation of the funnel plot suggested potential publica-
tion bias, however the Egger’s test did not confirm the 
bias (p = 0.85). When the missing studies were accounted 
using the trim and fill method, the overall effect size was 
[SMD: -0.36 (95% CI: -0.68 to -0.04)]. Several subgroup 
analyses were performed, and found that liver fibrosis 
decreased only in participants with obesity [SMD: -0.52 
(95% CI: -0.98 to -0.05), p = 0.02]. Furthermore, subgroup 
analysis results for the study deign have shown that liver 
fibrosis did not decrease in both studies with control 
[SMD: -0.21 (95% CI: -0.44 to 0.01), p = 0.06] and without 

Fig. 1 Flow diagram of systematic literature search
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control [SMD: -0.33 (95% CI: -1.26 to 0.60), p = 0.48] 
groups.

Liver steatosis
 Pooling data from three trials including three between-
group comparisons showed that IF effectively decreased 
liver steatosis with a medium effect size [SMD: -0.73 (95% 
CI: -1.12 to -0.35), p = 0.001] (Fig. 4). There was no signifi-
cant heterogeneity amongst studies (I2 = 0.00, Tau2 = 0.00, 
p = 0.64). Visual interpretation of the funnel plot did not 
suggest publication bias and the Egger’s test confirmed 
no bias (p = 0.58). Subgroup analysis was not performed 
due to the small number of studies for this outcome.

ALT
 Pooling data from 20 trials including 15 between-group 
comparisons and five within-group comparisons showed 
that IF effectively decreased ALT with a small effect size 
[SMD: -0.44 (95% CI: -0.58 to -0.30), p = 0.001] (Fig.  5). 
There was no significant heterogeneity amongst stud-
ies (I2 = 4.05, Tau2 = 0.00, p = 0.40). Visual interpreta-
tion of the funnel plot did not suggest publication bias 
and the Egger’s test confirmed no bias (p = 0.29). Results 
from various subgroup analyses revealed that ALT 
decreased with ADF [SMD: -0.68 (95% CI: -1  S.01 to 
-0.34), p = 0.001], 5:2 diets [SMD: -0.41 (95% CI: -0.70 to 
-0.12), p = 0.005], and TRF [SMD: -0.33 (95% CI: -0.60 
to -0.06), p = 0.01]; in both young adult to middle-aged 
adults [SMD: -0.55 (95% CI: -0.73 to -0.37), p = 0.001] and 
middle-aged to older adults [SMD: -0.31 (95% CI: -0.55 to 
-0.08), p = 0.009]; in adults with obesity [SMD: -1.25 (95% 
CI: -1.75 to -0.76), p = 0.001]; with NAFLD [SMD: -0.61 
(95% CI: -0.80 to -0.41), p = 0.001] and without NAFLD 
[SMD: -0.29 (95% CI: -0.49 to -0.10), p = 0.003], and 
with medium-term [SMD: -0.41 (95% CI: -0.58 to -0.25), 
p = 0.001] and longer-term interventions duration [SMD: 
-0.52 (95% CI: -0.78 to -0.26), p = 0.001]. Subgroup analy-
sis for the study deign showed that ALT was significantly 
decreased in both studies with control [SMD: -0.31 (95% 
CI: -0.48 to -0.15), p = 0.001] and studies without control 
[SMD: -0.69 (95% CI: -0.92 to -0.46), p = 0.001] group.

AST
 Next we assessed the IF effect on changes in AST activ-
ity. Meta-analysis results from 18 trials including 13 
between-group comparisons and five within-group com-
parisons showed that IF effectively decreased AST with 
a small effect size [SMD: -0.30 (95% CI: -0.49 to -0.11), 
p = 0.001] (Fig.  6). We found a significant heterogeneity 
amongst studies (I2 = 42.66, Tau2 = 0.06, p = 0.02). Both 
visual interpretation of the funnel plot and the Egger’s 
test suggested publication bias (p = 0.06). When the 
missing studies were accounted for using the trim and 
fill method, the overall effect size was [SMD: -0.44 (95% So
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Fig. 4 Forest plot of the effects of intermittent fasting (IF) versus control diet (CON) or pre on liver steatosis

 

Fig. 3 Forest plot of the effects of intermittent fasting (IF) versus control diet (CON) or pre on liver fibrosis

 

Fig. 2 Forest plot of the effects of intermittent fasting (IF) versus control diet (CON) or pre on liver fat content
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CI: -0.65 to -0.23)]. Subgroup analyses results indicat-
ing that AST decreased only following 5:2 diets [SMD: 
-0.40 (95% CI: -0.79 to -0.00), p = 0.04]; in young adults to 
middle-aged adults [SMD: -0.46 (95% CI: -0.71 to -0.21), 
p = 0.001]; adults with obesity [SMD: -0.38 (95% CI: -0.57 
to -0.18), p = 0.001]; with NAFLD [SMD: -0.54 (95% CI: 
-0.81 to -0.28), p = 0.001] and without NAFLD [SMD: 
-0.29 (95% CI: -0.49 to -0.10), p = 0.003] NAFLD. Besides, 
both intervention durations, medium-term [SMD: -0.26 

(95% CI: -0.48 to -0.04), p = 0.01] and longer-term [SMD: 
-0.44 (95% CI: -0.78 to -0.10), p = 0.01] significantly 
decreased AST. Subgroup analysis for the study deign 
showed that AST was decreased only in studies with-
out control group [SMD: -0.40 (95% CI: -0.77 to -0.20), 
p = 0.001], not with control group [SMD: -0.21 (95% CI: 
-0.44 to 0.01), p = 0.06].

Fig. 6 Forest plot of the effects of intermittent fasting (IF) versus control diet (CON) or pre on AST

 

Fig. 5 Forest plot of the effects of intermittent fasting (IF) versus control diet (CON) or pre on ALT
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Risk of bias judgements
The results of quality assessments of included studies 
are provided in the supplementary Tables 2 and 3, which 
were ranged from 10 to 12 for randomized trials and only 
one study was assessed using and the NIH quality assess-
ment tool.

Discussion
Results from the current systematic review and meta-
analysis showed that IF seems to have beneficial effects 
on liver function by reducing the liver fat content, liver 
steatosis, and liver enzymes, but not fibrosis. Findings 
also indicated that any mode of IF intervention could be 
effective in reducing the liver fat content and ALT, while 
only 5:2 diets reduced AST. Many of the beneficial effects 
of IF appear to occur in individuals with different meta-
bolic statuses, ages, and different weight statuses, inde-
pendent of the of the intervention duration. However, 
people with obesity may experience some additional ben-
eficial effects following IF practice, especially in reduc-
tion of fibrosis and AST.

Meta-analytic evidence has previously shown that life-
style interventions, including exercise training, dietary 
intervention, and combination of both are effective 
approaches in reducing the liver fat content [23, 80, 81]. 
In addition, a previous meta-analysis showed that dietary 
interventions, without any exercise training or physi-
cal activity also reduced intrahepatic lipid content [82]. 
Additionally, the macronutrient compositions of weight 
loss diets play a role on the effects on liver fat content, 
where low-carbohydrate diets have been shown to be 
more effective than low-fat diets [83]. With the increas-
ing knowledge regarding the beneficial effects of dietary 
interventions, IF has gained significant attention as an 
alternate approach to the typical CR methods for weight 
loss and improving metabolic health outcomes. Although 
some meta-analyses have previously reported the effects 
of IF on reducing fat mass [84–86], the effects of IF on 
liver fat content have not been investigated in individuals 
with metabolic disorders. We found that IF interventions 
are effective in reducing the liver fat content. The poten-
tial mechanism by which IF may have reduced the liver 
fat content is not clearly understood. However mechanis-
tically, an increase in circulating free fatty acid (FFA) and 
triglycerides (TG) input, increase TG de novolipogenesis 
and/or reduce FFA and TG output, lead to subsequent 
accumulation of fat in the liver [87, 88]. Some animal 
studies have shown that IF is able to decrease hepatic 
lipogenesis and increase β-oxidation markers [89–92].

Liver steatosis and fibrosis have been widely inves-
tigated in studies due to their role in the diagnosis and 
prognosis of liver diseases [93–95]. The current results 
indicated that IF effectively reduced liver steatosis, but 
not fibrosis. Consistent with our results, a previous 

meta-analysis involving individuals with NAFLD indi-
cated that IF can reduce liver steatosis but not fibro-
sis [96]. The lack of beneficial effects on fibrosis may be 
due to short-term intervention durations or inclusion 
of participants without significant degrees of fibrosis. In 
addition, substantive evidence has shown that there is a 
dose-response relationship between weight loss and his-
tological improvement of liver [93, 97, 98], indicating that 
greater weight loss are effective for histological improve-
ment [93]. Further, improvement of fibrosis requires 
intensive and sustained weight loss (≥ 10%), while steato-
sis is improved even with moderate weight loss (7–10%) 
[93]. Therefore, longer and more intense IF intervention 
may be needed to induce greater weight loss and thereby 
decrease fibrosis in adults with metabolic disorders.

Liver enzymes, including ALT and AST are commonly 
used as biomarkers of liver function [99] which elevate 
in liver diseases, and are associated with the risk of pro-
gression of liver diseases [100]. The findings of the cur-
rent meta-analysis showed that IF is able to decrease 
both AST and ALT, which reflect improvement of liver 
function and potential morphological changes in adults. 
These results are in agreement with a previous meta-
analysis, which reported reductions in ALT and AST fol-
lowing IF in patients with NAFLD [101]. The potential 
mechanisms by which IF reduced liver AST and ALT may 
be related to weight loss, reduced visceral fat and steato-
sis, as well as decreased pro-inflammatory response and 
oxidative stress markers [53, 89, 90, 102, 103].

To better determine the reasons for heterogene-
ity, several subgroup analyses were performed in our 
study. We found that the IF mode and the health sta-
tus of the participants moderated the effects of IF on 
liver function. We further noticed that liver fat con-
tent and ALT were decreased following IF, and these 
findings appear to be independent of IF mode, where 
all subgroups, including ADF, 5:2 diets, and TRF were 
associated with reductions in liver fat content, while 
AST was only reduced by 5:2 diets. Despite the pre-
vious clinical and meta-analytic studies, elucidating 
an optimal mode of IF still requires further investiga-
tion. In this regard, a recent network meta-analysis 
showed that ADF may be more effective as compared 
with other IF modes for adults with overweight and 
obesity [104]. While, another network meta-analysis 
reported that twice weekly fasting (5:2 diets) led to a 
larger combined effect on blood glucose and insu-
lin resistance in patients with type 2 diabetes [105]. 
It seems that the effects of IF can differ depending 
on the outcome of the interest. Our results indicate 
that at least for liver fat content and ALT, any mode 
of IF is effective in adults with metabolic disorders. 
In addition, the health status and metabolic disorder 
type of participants may be one of the factors affecting 
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metabolic responses to lifestyle interventions, where 
patients with favorable risk factors may achieve greater 
improvements in liver histological markers with mod-
erate weight loss (7–10%), while patients with unfavor-
able risk factors may need greater weight loss (more 
than 10%) to produce beneficial effects on markers of 
liver health [93]. In the current meta-analysis, sub-
group analyses based on BMI, age, and health status of 
participants (with NAFLD vs. without NAFLD) have 
shown that IF was associated with improvements in 
liver fat content regardless of these moderators. How-
ever, individuals with obesity may benefit more, since 
liver fibrosis and AST were significantly reduced only 
in people with obesity. Our findings are supported by 
the fact that obesity is closely associated with NAFLD, 
and liver disease of metabolic origin is now recognized 
as the most prevalent liver disease [106, 107]. The clin-
ical significance of IF interventions for improving liver 
function may be particularly important, since research 
has shown that IF interventions can be effective for 
weight loss, and given that obesity has been suggested 
as a first-line strategy for the prevention and treatment 
of liver diseases [106].

Strength and limitations
Our study has several strengths and few limitations 
that should be considered. In this study, liver func-
tion was investigated by focusing on histological and 
enzyme biomarkers, which emphasized the clinical 
significance of the findings. Several subgroup analy-
ses were performed to identify the role of moderating 
factors, especially the type of fasting. In our analyses, 
we included studies that were randomized and non-
randomized trials or single-group pre-post trials. 
Due to potential biases and limitations within non-
randomized and single-group trials, inclusion of such 
studies in meta-analyses is difficult to determine the 
clinical significance of the findings [108]. However, 
this approach allowed us to include more studies, and 
to perform important subgroup analyses. In addi-
tion, the majority of studies in our analysis had a high 
or moderate risk of bias, therefore, this issue should 
be considered when interpreting our meta-analysis 
results. The quality of the available evidence indicates 
that additional randomized clinical trials are needed to 
elucidate the effects of IF on liver function in adults 
with metabolic disorders. We further noticed signifi-
cant heterogeneity amongst the studies for several out-
comes, which may be due to the differences in study 
designs, participants’ characteristics, and outcome 
measurement methods. There were small numbers of 
studies for several outcomes, and therefore subgroup 
analyses should be interpreted with caution. Finally, 
there were small numbers of studies available that 

examined the role of IF as compared with continuous 
caloric restriction, and this type of analysis should be 
considered in future studies.

Conclusions
Findings from our meta-analysis demonstrated that IF 
is an effective dietary therapy for improving liver func-
tion in adults with metabolic disorders. This was con-
firmed by significant associations with reduced liver 
fat, liver steatosis, and liver enzymes with IF. Clini-
cally, significant effects of IF on liver function seem 
to occur independent of IF mode, and age and health 
status of participants. Since lifestyle interventions are 
the first-line treatment strategy for obesity and related 
metabolic disorders, IF can be prescribed as a poten-
tial therapeutic approach to improve liver function in 
patients with metabolic diseases.
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