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and meta-analysis
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Methods: MEDLINE, EMBASE, Cochrane Central, and conference
abstracts were searched for IF interventions in adults with NAFLD until April
2, 2023. Meta-analysis with a random effects model was used to compare
pre-intervention and post-intervention changes in anthropometric, bio-
chemical, and hepatic end points in the IF intervention group with the control
group. Publication bias was assessed using Egger’s test.

Results: Fourteen studies were included in the systematic review and ten in
the meta-analysis (n = 840 participants, 44.64% male). Studies varied in
modalities for NAFLD diagnosis, duration of IF (4—52 weeks), and type of IF
(5:2 diet, modern alternate-day fasting, time-restricted eating, or religious
fasting). Body weight, body mass index, and waist to hip ratio all significantly
improved following fasting intervention (p< 0.05). Adults with NAFLD
showed an improvement in serum alanine transaminase, aspartate amino-
transferase, hepatic steatosis (controlled attenuation parameter measured
by vibration-controlled transient elastography), and hepatic stiffness

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; BW, body weight; CAP, controlled attenuation parameter; FBS,
fasting blood sugar; HOMA-IR, homeostatic model assessment for insulin resistance; IF, intermittent fasting; LSM, liver stiffness measurement; MADF, modern
alternate-day fasting; NF, nonfasting; PRISMA, preferred reporting items for systematic reviews and meta-analyses; RCT, randomized clinical trial; SoC, standard of
care; TC, total cholesterol; TG, total triglycerides; TRF, time-restricted feeding; WC, waist circumference; WHR, waist to hip ratio.

Marcia Lange and Devika Nadkarni are Co-first authors.

Supplemental Digital Content is available for this article. Direct URL citations are provided in the HTML and PDF versions of this article on the journal’s website, www.
hepcommjournal.com.

This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it
is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the
journal.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Association for the Study of Liver Diseases.

Hepatology Communications. 2023;7:€0212. www.hepcommjournal.com 1


https://orcid.org/0000-0003-2700-2279
https://orcid.org/0000-0003-2700-2279
https://orcid.org/0000-0003-2700-2279
https://orcid.org/0000-0003-2700-2279
https://orcid.org/0000-0001-6663-6253
https://orcid.org/0000-0001-6663-6253
https://orcid.org/0000-0001-6663-6253
http://www.hepcommjournal.com
http://www.hepcommjournal.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:marcia.lange@icahn.mssm.edu
http://www.hepcommjournal.com

HEPATOLOGY COMMUNICATIONS

INTRODUCTION

As a consequence of the increasing prevalence of obesity,
type 2 diabetes, and related metabolic conditions, NAFLD
has become one of the most important causes of chronic
liver disease worldwide, affecting 24% of the global
population!! and increasing the risk of all-cause
mortality." 2 While there are several therapeutics in Phase
Il clinical trials, there are no currently approved medical
therapies for NAFLD. Weight loss through caloric restriction
and increased physical activity remains the backbone of
therapy.*-% However, caloric restriction may be challenging
to maintain in the long term,¥! an important consideration
given the significant impact of an individual's dietary
choices and adherence on the degree of weight loss.["#!
To optimize NAFLD management and increase the
likelihood of favorable hepatic outcomes, a variety of
options for dietary interventions are likely needed to satisfy
individual patient needs.

Emerging animal and human data suggest that some
of the health benefits of caloric restriction may be
attributable to the metabolic switch from fed to fasting
states as opposed to an overall reduction in caloric
intake.®-1" Thus, it is plausible that certain dietary
interventions, such as intermittent fasting (IF) where
one alternates between fasting and fed states, may
confer significant weight loss, hepatic, and overall
metabolic health benefits in patients with NAFLD.

IF has emerged as one of the most popular diets for
weight loss in recent years, encompassing any dietary
pattern with a short-term period of little to no caloric intake
followed by a period of ad libitum consumption.['2 While
both caloric restriction and IF may result in a decreased
caloric intake over a 24-hour period, a substantial
reduction in caloric intake is not integral to IF. The most
commonly described methods include 5:2 diet (limited
calories consumed for 2 days each week with no
restrictions on the remaining 5), modern alternate-day
fasting (MADF) (a fasting day with anywhere from zero
calories to ~25% of energy needs alternated with an ad
libitum feeding day), time-restricted feeding (TRF)
(reducing the daily feeding window to a specific number
of hours per day, usually 4-10 h, and fasting for the
remaining hours of the day), and religious fasting (eg,
Ramadan).

(measured by vibration-controlled transient elastography) after fasting
intervention (p < 0.05).

Conclusions: There is limited, but moderate- to high-quality evidence to
suggest that IF can improve hepatic end points and promote weight loss in
adults with NAFLD. Larger randomized controlled studies with extended
duration are needed to further validate our findings.

IF is effective for weight loss, similar to caloric
restriction,['>'8 and improves the overall metabolic
health.['2'9] However, there remains a lack of evidence-
based guidelines for its use for the treatment of NAFLD. In
this systematic review with meta-analysis and meta-
regression, we evaluate the impact of IF on anthropometric,
biochemical, and hepatic end points in adults with NAFLD.

METHODS

This study was conducted according to the guidelines of the
preferred reporting items for systematic reviews and meta-
analysis (PRISMA, http://links.ww.com/HC9/A422) [20]

Search strategy

MEDLINE, EMBASE, and Cochrane CENTRAL were
searched up until April 2, 2023. In addition, the following
journals were searched for published conference
abstracts: Journal of Hepatology, HepaToLoGY, and
Gastroenterology. Free-text and index terms for “NAFLD”
and “fasting” were combined. The search terms were a
combination of free-text and medical subject headings
including NAFLD, NASH, or NAFL. Studies identified
were then combined with the set operator “AND” to
include studies identified by the following free-text and
medical subject headings terms: fasting, IF, time-
restricted eating, time-restricted feeding, and 5:2 diet.
The full search strategy is available in Appendix A, http:/
links.lww.com/HC9/A423. No date, language, or article
type restrictions were included in the search strategy. In
addition, reference lists of existing systematic reviews
and relevant papers were checked. Search results were
imported into Covidence, an online platform for conduct-
ing systematic reviews and metanalyses, and duplicate
entries were automatically removed.

Study selection and eligibility criteria
All steps of study selection were performed by 2

investigators (Marcia Lange and Devika Nadkarni)
who independently applied pre-defined inclusion and


http://links.lww.com/HC9/A422
http://links.lww.com/HC9/A423
http://links.lww.com/HC9/A423

INTERMITTENT FASTING IMPROVES HEPATIC END POINTS

exclusion criteria (Supplemental Table 1, http:/links.
lww.com/HC9/A423). The inclusion criteria included any
study with an IF type intervention in adults with NAFLD
and at least 1 end point of interest. End points of interest
included body weight (kg), body mass index (BMI),
waist circumference (WC) (cm), waist to hip ratio
(WHR), serum alanine transaminase (ALT) (IU/L),
serum aspartate aminotransferase (AST) (IU/L), lipid
profile (HDL, LDL, cholesterol, or triglycerides) (mg/dL),
homeostatic model assessment for insulin resistance
(HOMA-IR), fasting glucose, liver steatosis (as meas-
ured by controlled attenuation parameter (CAP), mag-
netic resonance intrahepatic lipid content, or histology),
and liver stiffness (as measured by vibration-controlled
transient elastography or magnetic resonance elastog-
raphy). Titles and abstracts were first screened, then
eligible articles were subject to full-text review. Case
reports and case series were removed during the full-
text review. Disagreements at any step were resolved
by discussion and involvement of a third investigator
(Carolyn Newberry, Sonal Kumar, or Tatyana Kushner).
Concordance was quantified using Cohen’s Kappa at
both steps of study selection.

Data extraction

If multiple reports were available for a study, for the
purposes of data extraction, full-length manuscripts
were prioritized over conference abstracts or presenta-
tions. Data were independently extracted in duplicate by
2 reviewers (Marcia Lange and Devika Nadkarni) using
a standardized data collection form. Any differences in
extracted data were discussed with a third reviewer
(Carolyn Newberry, Sonal Kumar, or Tatyana Kushner)
and resolved. Study characteristics including location,
duration, study design, type of fasting intervention,
diagnostic modality for NAFLD diagnosis, and number
of study participants were recorded. Participant charac-
teristics and information on end points of interest was
also collected. If necessary, further information was
obtained by directly contacting the original investigators.

Quality assessment and risk of bias

Quality assessments were conducted by 2 independent
reviewers (Marcia Lange and Devika Nadkarni) using
ROBINS-I for nonrandomized studies and RoB 2 for
randomized controlled trials (RCTSs).

Synthesis methods
Data were synthesized by tabulating the study inter-

vention characteristics and comparing them against the
planned groups for each synthesis. As necessary,

differing units of measurement for end points of interest
were uniformized. For example, triglyceride measure-
ments were converted from standard international U
(mmol/L) to mg/dL by multiplying by 88.57.12122 Fasting
glucose was expressed in mg/dL and converted from
standard international U (mmol/L) by multiplying by
18.02.12%1 Total cholesterol, HDL, and LDL measure-
ments were converted from standard international units
(mmol/L) to mg/dL by multiplying by 38.67.

Data analysis

Data were analyzed using the metfa package in R
and the PRISMA flow diagram was generated
using the PRISMA2020, http://links.lww.com/HC9/A422
package.?Y  Pre-intervention and post-intervention
changes in end points and standard deviations (SD) for
change were calculated based on equations outlined in
the Cochrane Handbook.125! Mean difference was calcu-
lated for each end point of interest using a random effects
model to pool the data. Two-sided p values < 0.05 were
considered statistically significant. Study weights were
assigned using the inverse variance method. Hetero-
geneity was reported quantitatively with the P statistic,
and p values for heterogeneity were assigned using
Q-tests with a significance cutoff of p < 0.1. Hetero-
geneity was defined as low (0%—40%), moderate (41%—
60%), or substantial (>60%). Meta-regression models
were generated for all end points with statistically
significant heterogeneity. Recognizing that the type of
IF intervention, study duration, or study country
may influence the results, subgroup analyses were
conducted. Publication bias was assessed for end points
with at least 5 studies using Egger’s regression test, with
significant publication bias defined as a p < 0.05.

RESULTS
Study characteristics

We screened 6284 records for title and abstract, with
moderate agreement (Cohen’s k: 0.52) (Figure 1). Of
these, 6135 were deemed irrelevant and 149 reports were
retrieved for detailed full-text review. One hundred thirty-
five studies were excluded (predominantly due to an
alternative dietary intervention not within the definition of IF
and its subtypes) with fair concordance (Cohen’s k: 0.30).
Bibliographies of reviews and key articles were also
searched, yielding 2 additional studies.[2627] After collating
reports from the same studies, 14 studies were included in
the review: 10 randomized control trials, (Cai 2019
included two different IF interventions), 2 double-arm
nonrandomized studies, 2 single-arm studies, and 1
retrospective case-control study.26-39 |ncluded studies
were published between the years 2014 and 2023.
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FIGURE 1 PRISMA flowchart of search for study inclusion in the systematic review and meta-analysis. Abbreviations: PRISMA, preferred

reporting items for systematic reviews and meta-analyses.

Systematic review and descriptive analysis

The majority of studies took place in Middle Eastern
(40.00%) or Asian (26.67%) countries. The diagnostic
modality for NAFLD varied: 42.86% of studies used
imaging (mainly ultrasound), 14.29% used transient
elastography with CAP, 14.29% relied on chart review
and diagnosis codes, and 7.14% relied on elevated
transaminases. Two studies did not clarify how NAFLD
was diagnosed.®*38 None of the studies included
patients diagnosed with NAFLD or NASH by liver biopsy.
The types of IF intervention studied included the following:
4 evaluating religious fasting (Ramadan), 5 TRF, 3
MADF, and 3 evaluating the 5:2 diet. One study evaluated
both MADF and TRF.[29! Within those that conducted
the 5:2 diet, 2 studies implemented a 5:2 diet where
participants spent 2 nonconsecutive days per week of
fasting, consuming roughly 500 kcal/day.3%38! The third
5:2 study had participants fasting on 2 consecutive
days per week, where 25% of the recommended calorie
intake was consumed over a 2-hour period from 12:00 to
2:00 p.m.1B049 Fasting interventions lasted a median 12
weeks (IQR 4, 12, range 4-52). Seven studies docu-
mented participant adherence to the fasting diet, primarily
through use of 72-hour food recall diaries and regular
follow-up with a dietician.[27:30-32.34.35.39401 The reported
dropout rate in the fasting intervention group was < 10%
for all studies. All end points of interest were found in at
least a subset of the studies, except for magnetic

resonance intrahepatic lipid content, histology assessing
steatosis and/or fibrosis, and magnetic resonance elas-
tography. Six studies assessed liver steatosis and fatty
liver improvement following fasting intervention: 2 studies
measured steatosis by vibration-controlled transient
elastography/CAP,130401 2 graded liver steatosis based
on imaging pre-intervention and post-intervention (by
steatosis grading),?”3"l and the final 2 used magnetic
resonance intrahepatic lipid content to assess fatty liver
improvement.[*539 Table 1 provides a detailed overview
of each study in the systematic review.

Quality assessment and risk of bias

Risk-of-bias assessments of all 10 studies included in
the meta-analysis are shown in Figure 2. Among the
RCTs, the overall risk of bias was low, with nearly all
studies reporting adequate randomization and
allocation. However, due to the nature of dietary
interventions, some concern for bias was conferred
due to being unable to blind participants and at times
researchers to the intervention. Of the double-arm
observational studies included in the meta-analysis,
overall risk of bias was moderate. The most serious
concern for bias came from potential confounding bias;
neither of the studies adjusted nor controlled for
confounding variables in the study design or during
analysis.[26:37]



TABLE 1 Summary of studies included in systematic review
Duration of Mean age of % Male of Mean baseline BMI of
Modality for Intervention Intervention fasting for intervention intervention intervention
NAFLD duration group/comparison intervention group/comparison group/comparison group/comparison Measured end
References Country Study design diagnosis N (wk) group group group group group points
Arabi 2015[32] Iran Single arm Ultrasound 50 4 Religious/none 16 h daily 40.52 (10.9)/- 66.0/- 29.5 (2.40)/- BMI, WC, FBS,
ALT, AST, TC,
TG, HDL, LDL
Badran 2022[33] Egypt Single arm Ultrasound 98 4 TRF/none 16 h daily Unknown 23.5/- 37.03 (6.56)/- BMI, BW, WC,
FBS, HOMA-
IR, ALT, AST,
TC, TG, HDL,
LDL
Cai 2019 (ADF)a[zg] China RCT Ultrasound 169 12 MADF/SoC 24 h every other 35.5 (4.42)/34.54 36.8/29.11 26.12 (2.21)/26.34 BMI, WC, FBS,
day (6.96) (2.73) CAP, TC, TG,
HDL, LDL,
LSM
Cai 2019 (TRF)a[ZQ] China RCT Ultrasound 174 12 TRF/SoC 16 h daily 33.56 (6.23)/34.54 30.53/29.11 26.76 (1.59)/26.34 BMI, WC, FBS,
(6.96) (2.73) CAP, TC, TG,
HDL, LDL,
LSM
DiBattista 2020[34] United Nonrandomized Unknown 16 4 TRF/ 16 h daily - - 38.16/43.16 BMI, BW
Kingdom double arm Noncompleters b
Ebrahimi 20203[27] Iran RCT Chart review 83 4 Religious/NF 16 h daily 37.59 (7.06)/35.8 59.5/78 30.09 (4.49)/28.2 (2.5) BMI, BW, WC,
(7.33) WHR, FBS,
HOMA-IR,
ALT, AST, TC,
TG, HDL, LDL
Ezpeleta 20236[35] United RCT MRI 80 12 MADF/NF or MADF 21 h every other 44(16)/44(12) 20/20 36(8)/36(6) BW, FBS,
States + exercise day HOMA-IR,
ALT, AST, TC,
TG, HDL, LDL
Holmer 20213[30] Sweden RCT Imaging or 44 12 5:2 Diet/LCHF or 24 hon2 57 (10)/56 (9) 52.0/29.0 32.3 (2.7)/32.9 (5.2) BMI, BW,
transient SoC nonconsecutive WHR, HOMA-
elastography days per week IR, ALT, AST,
TC, TG, HDL,
LDL, LSM
Johari 20193[31] Malaysia RCT Elevated 39 8 MADF/NF 24 h every other 45.33 (10.77)/52.6 72.73/90 31.6 (5.19)/28.21 (3.32) BMI, BW, FBS,
transaminases da\yC (12.03) ALT, AST, TC,
TG, HDL, LDL,
LSM
Kord Varkaneh 20222[401 Iran RCT Transient 44 12 5:2 Diet/NF 24 hon2 46.42 (13.35)/44.17 57.1/65.2 30.42 (2.27)/30.6 (3.09) BMI, BW, WC,
elastography nonconsecutive (4.9 FBS, HOMA-
days per week IR, CAP, LSM
Mack 20143[36] Australia RCT Ultrasound 32 12 TRF/SoC 16 h daily - - 29/30 BMI, BW, WC,
HOMA-IR,
ALT, AST, TC,
TG, HDL, LDL,
CAP, LSM
Mari 20213[26] Israel Retrospective Ultrasound 155 4 Religious/NF 16 h daily 51.8 (20.9)/52.6 52.7/51.8 36.7 (7.1)/34.3 (6.3) BMI, HOMA-
case control (19.3) IR, ALT, AST
Rahimi 20173[37] Iran Nonrandomized Chart review 60 4 Religious/NF 16 h daily 46.03 (11.72)/49.58 73.5/53.8 29.46 (4.52)/30.08 BMI, BW, ALT
double arm (10.96) (4.12)
Wei 2023[39] China RCT MRI 88 52 TRF/Caloric 16 h daily 32.3(10.5)/31.7(8.3) 53/58 32.2(3.4)/32.2(3.2) BMI, BW, WC,,
Restriction FBS, HOMA-
IR, ALT, AST,
TC, TG, HDL,
LDL, LSM
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Measured end
points
BMI, BW, WC,
FBS, HOMA-
IR, ALT, AST,
HDL, LDL

Mean baseline BMI of
intervention
group/comparison
group
30.44 (1.42)/-

% Male of
intervention
group/comparison
group
51.0/-

Mean age of
intervention
group/comparison
group
42.87 (6.84)/-

Duration of
fasting for
intervention
group
24 hon?2
nonconsecutive
days per week

Intervention
group/comparison
group
5:2 Diet/liraglutide

Intervention
duration
(wk)

24

31

Modality for
NAFLD
diagnosis
Unknown

Study design
RCT

Country
China

(continued)

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; BW, body weight; CAP, controlled attenuation parameter steatosis measurement; FBS, fasting blood sugar; HOMA-IR,
homeostatic model assessment for insulin resistance; LSM, liver stiffness measurement; MADF, modern alternate-day fasting; NF, nonfasting; RCT, randomized controlled trial; SoC, standard of care; TC, total cholesterol; TG,

®Indicates which studies were included in the meta-analysis (on the basis of being double-arm studies with a nonfasting, nonpharmaceutical intervention comparison group).
total triglycerides; TRF, time-restricted feeding; WC, waist circumference; WHR, waist to hip ratio.

PNoncompleters were participants who did not complete the study.

°Fasting was defined as consumption of 70% of calories.

Xiao 2022[38]

TABLE 1.
References

Overview of meta-analysis

Only double-arm studies with a nonfasting, nonphar-
maceutical intervention comparison group were
included in the meta-analysis portion of the review
due to high risk of bias from single-arm
studies.[26:27,29-31,35-37.401 Ten studies were included
in the meta-analysis for a pooled total of 840
participants (44.64% male). The mean age of the IF
group was 41.72 years (SD 8.13) and for the
comparison group was 42.27 years (SD 8.83).

Effect of intermittent fasting on
anthropometric end points

A summary of the impact of IF on anthropometric outcomes
in adults with NAFLD is shown in Figure 3. A pooled
analysis of 9 studies that assessed pre-intervention and
post-intervention changes in body weight showed a
significant decrease of —2.66 kg (95% CI: -3.81 to —-1.52,
p < 0.001) with considerable heterogeneity (# = 80.8%,
p < 0.001).127:29.31.35-37] Simijlarly, IF also reduced BMI by
-0.77 kg/m? (95% CI: =1.15t0 -0.38, p < 0.001) in a pooled
analysis of 10 studies showing moderate but significant
heterogeneity (P = 49%, p = 0.03).[2627,:29-3135-37.40]
Pooled analyses also demonstrated a statistically
significant decrease in waist to hip ratio (WHR: —0.0036,
95% Cl: -0.01 to -0.0011, p < 0.01),?739 and a
nonsignificant reduction in WC (WC: -0.61, 95% CI:
-1.53 t0 0.31, p = 0.19).223540 There was no significant
heterogeneity for either WC or WHR (WC: 17 = 0%,
p = 0.64; WHR: P = 0%, p = 0.52).

Effect of intermittent fasting on
biochemical end points

Figure 4 summarizes the impact of IF on lipid profiles of
adults with NAFLD. Data showed that IF led to a
nonsignificant change in total serum cholesterol
of -6.38 mg/dL (95% CI: -14.71 to 1.94, p = 0.13)
with moderate heterogeneity (P = 47%, p = 0.08).
(27,29,30,35.401 Total serum triglycerides were significantly
reduced by a mean difference of —20.91 mg/dL (95%
Cl: -35.10 to -6.72, p < 0.01) with low heterogeneity
(P = 10%, p = 0.36).127:29-31.3540] |F nterventions also
had a slight but statistically significant impact on serum
LDL (mean difference: —0.35 mg/dL, 95% CI: -0.61 to
-0.08, p < 0.01; P = 0%, p = 0.98).127:29-31.35.40] Hp|_
was not impacted by IF (-0.00 mg/dL 95% CI: -0.08 to
0.08, p = 1.00) with low heterogeneity ( = 40.00%,
p = 0_13).[27,29—31,35,40]

In contrast to the control arm, IF arms had a
nonsignificant reduction in fasting blood glucose levels
(-0.71 mg/dL, 95% CI: -3.06 to 1.64, p = 0.55) in a
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FIGURE 2 Risk of bias assessment for studies included in meta-analysis. (A) Risk of bias assessment for nonrandomized double-arm studies

using ROBINS-I; (B) Risk of bias assessment for randomized controlled studies using RoB2.

pooled analysis of 6 studies, with no heterogeneity
(P = 0%, p = 0.48).[27.29.31.35401 HOMA-IR showed a
statistically significant decrease by -0.69 (95% CI:
-1.02 to -0.36, p < 0.001).126:27.30.35.401 There was no
significant heterogeneity (7 = 0%, p = 0.92). Forest
plots for these 2 end points are found in Figure 5.

Effect of intermittent fasting on hepatic end
points

Forest plots for the effect of IF on hepatic end points can
be found in Figure 6. ALT significantly improved in
adults with NAFLD following fasting intervention (mean
difference: -6.02 IU/L, 95% CI. -11.52 to -0.52,
p= 0.03, P = 75%, p < 0.01).[26.27.30.35.37.40] Serym
AST levels also showed a significant improvement but

with  high  between-study heterogeneity (mean
difference: -5.27 IU/L, 95% CIl. -7.88 to -2.67,
p < 0.001; 2 = 60%, p = 0.03).[263031.3540] |
addition to biochemical markers of liver health,

2 studies, both of 12 weeks duration, reported on liver
steatosis (CAP, dB/m) and 6 studies on liver stiffness
(kPa). The pooled estimate comparing fasting
intervention groups to control groups for liver steatosis
showed a -24.71 dB/m (95% CI: -47.40 to -2.03,
p = 0.03) reduction in CAP score.[3040 Between-study
heterogeneity was not significant (F 30.1%, p =
0.23). Liver stiffness was also positively impacted by IF
interventions (mean difference: -0.59 kPa, 95%
Cl: —0.99 to -0.20, p < 0.01).[29-3136.40] Heterogeneity
was not significant (7 = 0%, p = 0.52).

Sensitivity analyses

Sensitivity analyses were conducted for each end point
whenever 2 or more studies were available (Supple-
mental Table 2, http://links.lww.com/HC9/A423). We
conducted sensitivity analyses by (1) excluding studies
where NAFLD was not diagnosed by imaging, (2)
excluding studies of < 12 weeks duration, (3) excluding
studies > 12 weeks, (4) excluding non-RCT studies,
and (5) excluding based on intervention type.

All sensitivity analyses for BMI demonstrated stability
in the meta-analysis outcome, except for sensitivity
analysis wherein only religious fasting interventions
were included. Religious fasting intervention-only anal-
ysis showed a nonsignificant reduction in BMI, as
opposed to a significant reduction as was found in
primary analysis. These findings were similarly demon-
strated for body weight. Excluding studies < 12 weeks
duration or only 5:2 diet interventions resulted in the
significant reduction in HOMA-IR becoming nonsignifi-
cant though similar in magnitude.

For total cholesterol, including 5:2 diet-only studies
resulted in an increased magnitude in the mean difference
as well as a significant reduction (5:2 diet-only: =14.94 mg/dL,
p < 0.01; all studies: -6.38 mg/dL, p = 0.13). Excluding
studies > 12 weeks greatly reduced the magnitude of the
mean difference for total triglycerides (excluding >12 wk:
-4.39 mg/dL, p = 0.67; all studies: —20.91 mg/dL, p < 0.01).
Comparably, excluding studies > 12 weeks led to an
increase rather than decrease in LDL following fasting
intervention (excluding >12 wk: 1.81, p = 0.53; all studies:
-0.35, p < 0.01).
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FIGURE 3 Pooled analysis of the impact of intermittent fasting on anthropometric end points. Forest plots correspond to pooled analysis of
body weight (A), BMI (B), WHR (C), and WC (D). Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist to hip ratio.

On sensitivity analyses for both ALT and AST, excluding
studies >12 weeks or choosing religious fasting-only
studies resulted in an attenuation of the magnitude of the
mean difference as well as a shift toward nonsignificance.
In addition, for ALT, removal of nonhigh-quality RCTs

demonstrated a smaller and nonsignificant mean difference
(excluding non-RCTs: —4.80 IU/L, p = 0.15; all studies:
-6.02 UL, p= 0.03). Analyses of the stability of liver
stiffness outcomes demonstrated that excluding studies
< 12 weeks duration, excluding studies that did not
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FIGURE 4 Pooled analysis of the impact of intermittent fasting on biochemical end points. Forest plots correspond to pooled analysis of total
cholesterol (A), triglycerides (B), HDL (C), and LDL (D).

diagnose NAFLD by imaging, excluding non-high-quality
RCTs, or including MADF-only intervention studies all
resulted in the mean difference no longer being significant
and a reduction in its magnitude.

Across all sensitivity analyses, waist circumference,
liver steatosis as measured by CAP, HDL, and fasting
blood glucose had outcomes consistent with findings
from the primary analysis. Sensitivity analyses could
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Pooled analysis of the impact of intermittent fasting on HOMA-IR and fasting glucose. Forest plots correspond to pooled analysis of

HOMA-IR (A) and fasting blood glucose level (B). Abbreviations: HOMA-IR, homeostatic model assessment for insulin resistance.

not be conducted for WHR due to the low number of
studies with WHR data.

Meta-regression

We conducted meta-regression analyses for all end points
with statistically significant heterogeneity (prior to sensi-
tivity analyses) (Supplemental Table 3, http:/links.lww.
com/HC9/A423). Age, baseline BMI, and proportion of
male participants were the moderators inputted into the
regression models. Age was significantly associated with
the effect size for BMI, accounting for 96.80% of the
heterogeneity seen on pooled analysis (Age p = —0.06, p
< 0.001). In a multivariate meta-regression model with age
and proportion of male participants as moderators, this
model accounted for 100% of the heterogeneity on pooled
analysis for body weight (age p = —0.14, p < 0.05; sex p =
+0.04, p < 0.0001). On univariate analysis, proportion of
male participants accounted for 68.84% of the hetero-
geneity in variations in the effect size for ALT (% Male p =
+ 0.38, p = 0.02). However, on multivariate analysis, this
association was not preserved, and none of the moder-
ators were found to have statistically significant associa-
tions with the effect size for ALT. For AST, baseline BMI
was significantly associated with its effect size on
univariate analysis (baseline BMI p = -0.68, p = 0.02).
Similar to ALT, on multivariate meta-regression, the
association was not preserved, and overall the model did
not account for the heterogeneity found on meta-analysis.

Subgroup analyses

Given the variety of IF interventions within the meta-
analysis, a subgroup analysis evaluating the influence
of each type of IF intervention (5:2 diet, religious,
MADF, and TRF) on liver-specific end points was
conducted (Supplemental Table 4, http:/links.lww.
com/HC9/A423). There were no significant differences
between the various IF intervention types for ALT (p =
0.64), AST (p = 0.89), or liver stiffness (p = 0.55).
Liver steatosis was excluded from this analysis as this
outcome was only present in 2 studies, both of which
used the 5:2 diet for the intervention arm. To assess
the potential impact of intervention duration, we
compared hepatic end points for studies greater than
or less than 8 weeks duration (Supplemental Table 5,
http://links.lww.com/HC9/A423). Analysis did not
reveal any statistically significant differences in the 2
subgroups for any of the hepatic end points (ALT p =
0.49; AST p = 0.79; liver stiffness p = 0.52).
Subgroup analysis for liver steatosis was limited by
the only 2 studies reporting on steatosis being of
similar duration. Finally, study location (East Asia vs.
Middle East vs. Other) did not impact ALT (p = 0.79),
AST (p = 0.43), liver stiffness (p = 0.51), or liver
steatosis (p = 0.23) (Supplemental Table 6, http://
links.lww.com/HC9/A423). East Asia included China
and Malaysia; Middle East included Iran and lIsrael;
Other included studies in any other regions of
the world.
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Pooled analysis of the impact of intermittent fasting on liver-specific end points. Forest plots for pooled analysis of ALT (A), AST

(B), liver steatosis (C), and liver stiffness (D). Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase.

Publication bias

For end points with at least 5 studies, funnel plots were
generated (Supplemental Figures 1-3, http:/links.lww.com/
HC9/A424; http:/flinks.lww.com/HC9/A423; http://links.lww.
com/HC9/A425; http://links.lww.com/HC9/A423; http://links.
Iww.com/HC9/A426; http://links.lww.com/HC9/A423) and
Egger's regression test was calculated. There was no
evidence of publication bias for any of the anthropometric,
biochemical, or hepatic end points with at least 5 studies.

DISCUSSION

In this systematic review with meta-analysis, we
evaluated the impact of IF on various anthropometric,
biochemical, and hepatic end points in adults with
NAFLD. We demonstrated that existing literature
provides moderate to high-quality evidence to suggest
that IF of at least 4 weeks may have a beneficial effect
on anthropometric, biochemical, and hepatic end points
in NAFLD. The majority of studies were conducted in
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Eastern patient populations, comprising 67% of the
pooled patient cohort. Pooled analyses from RCTs and
double-arm studies showed that IF promotes weight
loss and abdominal fat loss, as supported by the
significant reductions in body weight, BMI, and WHR.
Cardiometabolic measures of health, such as total
triglycerides and LDL levels, were also positively
impacted following fasting intervention. Importantly, in
the context of NAFLD, IF reduced all hepatic end points.
Various sensitivity analyses were conducted that
demonstrated robustness in the outcomes for the
anthropometric end points, though findings from sensi-
tivity analyses for biochemical and hepatic end points
should be interpreted with caution due to low statistical
power from the few studies included. Although studies
on interventions of longer duration are needed, current
literature supports the potential use of IF as a treatment
modality in NAFLD, for both its hepatic and extrahepatic
benefits.

Pooled data, with no evidence of publication bias,
demonstrated that IF in adults with NAFLD effectively
reduces body weight, BMI, and WHR. IF’s ability to
promote weight loss in adults with NAFLD supports its
use as a potential alternative therapeutic option to
calorically restricted diets. It is also important to
consider that NAFLD exists in a spectrum of conditions
all linked to metabolic syndrome, including obesity, type
2 diabetes, and coronary artery disease, and prior
studies have shown that IF promotes weight loss as well
as cardiometabolic health.['417:41 Thus, for patients with
NAFLD and concomitant metabolic syndrome, IF may
be a more advantageous treatment option than caloric
restriction. In addition, our finding that IF may lead to a
reduction in WHR is significant in the context of both
NAFLD and overall metabolic health since abdominal
(visceral) obesity, irrespective of body weight or BMI,
has been recognized as one of the predominant risk
factors for metabolic syndrome. 4243

Our meta-analysis demonstrated that even short-
term IF in adults with NAFLD can improve liver steatosis
and stiffness, as well as ALT and AST, although this
may have been influenced by IF type. For instance, the
objectives for fasting are strikingly contrasted between
an individual who is fasting for religious reasons such as
Ramadan (and who is eating calorically rich meals
during the feeding periods) and an individual who is
fasting with the goal of weight loss. Dietary choices and
adherence may vary greatly, which potentially masked
the true magnitude of IF’s impact on liver end points.
This is further supported by our finding that although
studies of religious fasting interventions were shown to
not significantly affect hepatic end points, the 5:2 diet
and MADF did (Supplemental Table 4, http://links.lww.
com/HC9/A423). Future studies of IF and NAFLD
should focus on 5:2 diet, MADF, and TRF interventions
of longer duration (>12 wk) with the goal of evaluating
whether the magnitude of improvement in hepatic end

points increases with length of fasting intervention and
whether this reduction becomes more clinically signifi-
cant over time.

Interestingly, the hepatic benefits of IF may not
necessarily be due to weight loss, but rather through the
metabolic switch that occurs between fasting and fed
states.*" This metabolic switch promotes the release
and use of fatty acids and ketone bodies as an energy
source rather than glucose. Ketone bodies are known to
be potent signaling molecules, implicated in the
regulation of numerous major cellular pathways that
confer resistance to stress and disease as well as
improve organ function.l'®44 While the exact mecha-
nism behind how IF promotes liver health remains
unclear, in animals, data have shown that the beneficial
effects of IF on liver metabolism and inflammation are
preserved regardless of changes in dietary intake or
weight loss.[*! Taken together, while IF and caloric
restriction type diets may be considered equivalent for
weight loss,“®! |F should be viewed distinctly due to its
potential to confer specific improvements in liver health
and steatosis independently of weight regulation.

To our knowledge, our study represents one of the
first systematic reviews and meta-analyses evaluating
the effect of IF in adults with NAFLD. One of the main
strengths is the inclusion criteria, which resulted in a
well-characterized population focusing on NAFLD, as
opposed to NAFLD and NASH for instance. Our review
was also limited to IF without any kind of exercise or
physical activity intervention, allowing us to characterize
the specific impact of this dietary intervention. More-
over, 1 prior systematic review and meta-analysis was
conducted by Yin et al. (2021), demonstrating similar
statistically significant decreases in body weight, BMI,
and liver biochemical tests, though no significant
differences in liver stiffness nor triglyceride and choles-
terol levels when comparing IF and nonfasting groups,
and the study did not report on liver steatosis.[*”] With
the publication of newer RCTs since this prior review,
our study provides more comprehensive and robust
conclusions on liver-specific and anthropometric end
points.

Despite its strengths, our review has some limita-
tions. Firstly, the small number of studies in the review
and predominantly Asian study population require that
our findings be interpreted with some caution. Secondly,
the absence of a single, consistent diagnostic modality
for NAFLD across studies is another limitation. The use
of radiographic modalities and serum markers to
diagnose NAFLD in the studies, in place of liver biopsy,
may have impacted which participants under study
“truly” had NAFLD. Further heterogeneity was likely
introduced by the differing types and length of IF
interventions. In an attempt to mitigate and further
explore this heterogeneity, we conducted subgroup
analyses that did not show evidence of study duration,
fasting intervention type, or study location (Middle East
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vs. East Asia vs. Other) influencing our findings.
However, the limited number of studies makes it difficult
to draw robust conclusions from the subgroup analysis.

Given the growing worldwide burden of NAFLD, the
severity of outcomes with progression to fibrosis, and
the difficulty patients have in adhering to long-term
calorically restricted diets, new therapeutic options are
needed. Our systematic review with meta-analysis
supports the use of IF as a promising alternative for
the treatment of NAFLD due to its promotion of weight
loss and improvement of liver steatosis. Future studies
of IF and NAFLD should focus on longer follow-up
periods to better elucidate the associated impacts of
this dietary intervention and validate our findings. The
sustainability of this intervention and its impact on
fibrosis would be of interest. In addition, RCTs compar-
ing IF to the recommended hypocaloric diet in adults
with NAFLD are needed to determine the optimal diet
for NAFLD.
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