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Context: Intermittent fasting (IF) is a popular dietary strategy for
the management of obesity and reducing visceral adipose tissue
(VAT) and subcutaneous adipose tissue (SAT). However, the compa-
rative efficacy of different IF modalities remains uncertain.
Objective: To evaluate the efficacy of IF interventions for reducing
VAT and SAT in adults with overweight and obesity.

Data Sources: PubMed, Web of Science, and Scopus were searched
from inception to July 2025 using key words related to fasting proto-
cols and adipose tissue. Eligible studies were randomized trials of IF,
including time-restricted eating (TRE), alternate-day fasting (ADF), or
the 5:2 diet compared with controls (CON) or continuous caloric
restriction (CR). Outcomes included changes in VAT and/or SAT in
individuals with body mass index (BMI) >25 kg/m°.

Data Extraction: Two independent reviewers extracted data, with
disagreements resolved by consensus.

Data Analysis: Twenty-four studies (n = 1930; ages 22-69 years; BMI :
27-40 kg/m?) were included, with 24 contributing to VAT and 8 to SAT
analyses. Compared with CON, the 5:2 diet (standardized mean differ-
ence [SMD]: —0.54) and TRE (SMD: —0.44) led to greater reductions in
VAT, whereas neither ADF nor CR had significantly larger effects.
Compared with CR, TRE demonstrated a small reduction in VAT (SMD:
-0.21); however, the difference was not statistically significant.
Compared with CON, the 5:2 diet (SMD: —0.45) and TRE (SMD: —0.37)
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led to larger reductions in SAT, but ADF and CR did not lead to differ-
ential effects. No IF modality demonstrated superiority over CR for

SAT.

Conclusion: Compared with CON, specific IF modalities—particu-
larly the 5:2 diet and TRE—produce greater reductions in VAT and
SAT. However, advantages over CR are limited, with only TRE
approaching greater VAT reduction and no IF modality outperform-
ing CR for SAT. IF may serve as an alternative to CR within a broader
lifestyle approach, with adherence likely driving effectiveness.

Systematic Review Registration: PROSPERO registration no.

CRD420251145598.

Key words: time-restricted eating, alternate-day fasting, the 5:2 diet, abdominal

fat, obesity.

INTRODUCTION

In 2022, the World Health Organization estimated that over
2.5 billion adults worldwide (~43%) were overweight,
including 890 million with obesity, highlighting the emer-
gence of obesity as a global epidemic.' The prevalence of
obesity has more than doubled since 1990 and continues to
increase across high- and low-income regions.”” Excess
adiposity drives insulin resistance, type 2 diabetes, cardio-
vascular diseases, and other noncommunicable diseases,
imposing an escalating health and economic burden.*”
Visceral adipose tissue (VAT), located within the abdominal
cavity (eg, omental and mesenteric fat), and subcutaneous
adipose tissue (SAT), located beneath the skin, are metabol-
ically distinct.® Although both depots contribute to overall
fat mass, VAT and SAT differ markedly, both physiologi-
cally and with respect to downstream effects on disease
risk.” Visceral adipose tissue typically comprises only
approximately 5%-20% of total fat, whereas SAT accounts
for the bulk of adipose tissue.” Visceral adipose tissue is
more cellular, vascularized, and immune cell-infiltrated
with a proinflammatory phenotype than SAT, which exhib-
its lower immune cell density and a comparatively lower
proinflammatory profile.*® Functionally, VAT adipocytes
show greater insulin resistance and adrenergic sensitivity
than SAT, releasing more free fatty acids and proinflamma-
tory cytokines during lipolysis.” After adjusting for body
mass index (BMI) or waist circumference (WC), VAT still
predicts dyslipidemia, insulin resistance, and hypertension.'’
In contrast, SAT expansion (particularly in the gluteo-
femoral regions) is comparatively benign or even protective
against cardiovascular and metabolic diseases. Accordingly,
visceral obesity is recognized as the more pathogenic fat
depot, driving much of the cardiometabolic risk associated
with excess weight.>"!

Continuous energy restriction (caloric restriction [CR])
remains the standard dietary approach for weight loss and
fat reduction,”” but sustained adherence is often poor.” In

practice, daily CR (defined as a ~500-750kcal/day deficit
or ~30% below baseline energy needs) typically yields only
modest weight loss (~5-10% at 1year) and adherence tends
to decline substantially within the first 1-4 months to over 1
year."* As an alternative strategy, there has been growing
interest in intermittent fasting (IF), which involves a dietary
regimen periodically limiting energy intake over defined
windows. Intermittent fasting has become increasingly pop-
ular,”® due, in part, because it is easier for some individuals
to selectively restrict intake on only certain days or hours
rather than daily.'*"”
analyses, IF regimens have produced weight-loss outcomes

In several randomized trials and meta-

comparable to CR,'® with some studies reporting slightly
greater short-term reductions in body weight or fat mass in
IF groups.” However, these differences are generally small
and not consistently sustained over the long term, suggest-
ing that overall energy deficit and adherence—rather than
the fasting pattern itself—are the primary determinants of
weight-loss success. Adherence also varies substantially
among IF regimens. For instance, alternate-day fasting
(ADF) often shows higher dropout rates compared with
daily CR,” whereas the 5:2 regimen (2 restricted days per
week) is generally well tolerated but may show declining
adherence over time.”' Time-restricted eating (TRE)
appears to produce weight-loss and metabolic outcomes
similar to CR, although the studies are limited and long-
term compliance remains uncertain,**** Conversely, emerg-
ing 4:3 protocols (3 fasting days per week) may support
adherence in some individuals but require further study.**
Collectively, these data suggest that, while IF can offer a fea-
sible alternative to CR, sustained adherence—rather than
the fasting pattern itself—likely determines long-term suc-
cess in reducing weight, total fat, and VAT. Beyond weight
loss, IF is recognized for potential metabolic benefits,
including improved insulin sensitivity, lipid profiles, and
blood pressure.'>*>

Among several IF regimens that have been studied,
the best known are ADF, the 5:2 diet, and TRE. In ADF,
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individuals alternate between “fast” days and “feast” days
of ad libitum eating.”’*® Variations include zero-calorie
ADF and modified ADF (allowing 20%-30% of energy on
fast days).”” In the 5:2 diet, people eat normally for 5 days
each week and consume very few calories on 2 (consecu-

19,28 Time-

tive or nonconsecutive) “fasting” days.
restricted eating confines daily intake to a consistent eat-
ing window within each 24-hour period (typically, 4-
12 hours), followed by fasting for the remaining hours
(~12-20 hours)."* All of these IF patterns create an inter-
mittent energy deficit, but they have different biological
and behavioral features.

Despite extensive investigation, findings across clini-
cal trials and meta-analyses are mixed, with some show-
ing comparable effects of IF modes and CR on total
weight loss, while others report differing impacts on fat

1822 Many trials have focused

and lean mass components.
on overall weight or BMI changes, but have not reported
the separate effects on VAT and SAT, with few compari-
sons between different modes of IF.*>*° Some systematic
reviews report that IF diets cause weight and fat loss that

17,19,31
whereas others sug-

are similar to conventional CR,
gest that IF is more efficient than CR in reducing weight
and body fat.**?’

limited as most trials do not image VAT or SAT, and

Data on depot-specific fat reduction are

thus evidence on IF patterns that preferentially mobilize
either depot is limited.

Notably, to our knowledge, no prior study has sys-
tematically compared multiple IF modes against each
other and against conventional CR with respect to reduc-
tions in VAT and SAT mass. To address this gap, we
conducted a network meta-analysis of randomized con-
trolled trials in adults with overweight or obesity. We
aimed to synthesize all available evidence on IF interven-
tions; rank ADF, 5:2, TRE, and CR for efficacy in reduc-
ing VAT and SAT; and thereby provide novel insights
into depot-specific fat loss. To our knowledge, this is the
first analysis to integrate comparative data across IF
modalities for targeted adipose tissue outcomes, and thus
aims to contribute to clinical recommendations on the
most effective IF modes for VAT reduction.

METHODS

This systematic review and network meta-analysis was
conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
Guideline and the Cochrane Handbook for Systematic
Reviews of Interventions. This systematic review was
prospectively registered in the International Prospective
Register of Systematic Reviews (PROSPERO ID:
CRD420251145598).

Nutrition Reviews® Vol. 00(00):1-17

Search Strategy

A systematic and comprehensive search was conducted in
PubMed, Scopus, and Web of Science to identify articles
published from inception to July 2025. The search was
conducted using 2 groups of key words including (“time-
restricted feeding” OR “time restricted feeding” OR
“time-restricted eating” OR “time restricted eating” OR
“time-restricted diet” OR “time restricted diet” OR “time-
restricted fasting” OR “time restricted fasting” OR
fasting” OR  “intermittent  energy
restriction” OR “alternate fasting” OR “periodic fasting”

“intermittent

OR “reduced meal frequency” OR “alternate-day fasting”
OR “alternate day fasting” OR “fasting diet” OR “TRF”
OR “TRE” OR “ADF” OR “5:2 diet” OR “4:3 diet”) AND
(“Subcutaneous fat” OR “visceral fat” OR “subcutaneous
adipose tissue” OR “visceral adipose tissue” OR
“abdominal fat” OR “abdominal adipose tissue” OR “Intra-
Abdominal Fat” OR “visceral adiposity” OR “visceral lip-
ids” OR “VAT” OR “ectopic fat” OR “ectopic adipose
tissue” OR “adipose tissue”). Additional details of our
search strategy for each database are provided in
Table S1. In addition, the reference lists of the included
studies, previously published meta-analyses, and citations
within eligible articles in Google Scholar were manually
screened.

Study Selection and Eligibility Criteria

All retrieved studies from the database searches were
imported into EndNote version 21 (Clarivate,
Philadelphia, PA, USA) for screening. After removing
duplicate records, the titles and abstracts of all remaining
studies were screened, and then potentially eligible stud-
ies underwent full-text screening against our a priori
inclusion and exclusion criteria. The screening process
was independently conducted by 2 authors (M.H.S. and F.
G.) and any disagreements were resolved by discussion
with another author (M.K.). Peer-reviewed and English-
language published studies were included in the reviews
if they met the following criteria based on the PICOS
framework—Population: studies including adults 18 years
and older with a BMI of 25kg/m’or higher, regardless of
biological sex and health status; Intervention: studies
including any mode of IF including TRE, ADF, modified
ADF (mADF), or the 5:2 diet, with intervention dura-
tions of 2 weeks or more; Comparator: studies including
a control (CON) or continuous CR group; Outcomes:
studies reporting measurements of visceral and/or subcu-
taneous fat content; Study design: randomized controlled
or clinical trials. TRE was defined as interventions
restricting daily energy intake to a consistent eating win-
dow within each 24-hour cycle (typically, 4-12hours),
without prescribed caloric targets, with fasting occurring
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during the remaining hours. Studies were classified as
TRE when fasting was implemented daily rather than on
alternating or weekly restricted days. Only 1 included
study used a 4:3 fasting protocol, which was therefore
classified under the ADF/mADF group based on its
shared fasting-day structure. In addition, no restrictions
were applied to the measurement methods used for the
outcomes, and therefore, various methods such as bioe-
lectrical impedance analysis (BIA), magnetic resonance
imaging (MRI), or computed tomography (CT) were
included. Exclusion criteria were as follows: nonoriginal
studies, nonrandomized trials, non-English-language
studies, non-peer-reviewed studies, studies involving
children or adolescents, studies combining IF with exer-
cise training, and duplicate publications from the same
study.

Data Extraction and Synthesis

Data were extracted from each study by 2 independent
authors (M.H.S. and F.G.). Data extracted included infor-
mation on the study characteristics including first author
name, publication year, and study design; participant
characteristics including sample size, biological sex, age,
BM]I, health status; intervention characteristics including
IF modes, durations, and protocols; comparator charac-
teristics including CON or CR, durations, and protocols;
and outcomes of interest and measurement methods.
Furthermore, to perform statistical analyses, means and
SDs of change scores (postintervention minus preinter-
vention values) were extracted or were calculated from
pre- and postintervention values using the formula rec-
ommended by the Cochrane Handbook. When required,
these data were calculated from SEs, medians, and IQRs
or 95% Cls,**® or were extracted from figures using
GetData Graph Digitizer software (S. Fedorov, Russia).
In addition, the corresponding authors of studies pub-
lished within the past 5 years were contacted to obtain
missing data.

Quality Assessment

The overall quality of included studies was determined
using the Physiotherapy Evidence Database (PEDro) risk-
of-bias scale, a valid tool for randomized trials,*” and was
assessed independently by 2 authors (A.H.M. and M.H.
S.), with any disagreements resolved by discussion with a
third author (M.K.). This scale consists of 11 items; how-
ever, 2 items (blinding of participants and blinding of all
therapists who administered therapy) were not included
in the overall score, as dietary interventions such as IF
cannot be blinded due to the nature of the interventions.
Study quality was therefore rated on a scale from O to 9,

with higher scores indicating better methodological qual-
ity (Table S2).

Statistical Analyses

We used the netmeta package in the statistical software R
(version 4.4.1; R Foundation for Statistical Computing,
Vienna, Austria) to investigate the effect of the various
modes of IF compared with CON and CR on VAT and
SAT outcomes. Standardized mean differences (SMDs) and
95% CIs were used to calculate the effect sizes using the
mean changes and their SDs, along with sample sizes. The
SMDs were selected due to the heterogeneity of measure-
ment units among included studies. Effect sizes were com-
puted wusing random-effects models due to the
methodological heterogeneity among included studies.
Forest plots and league tables were generated using direct
and indirect comparisons to present effect sizes. In addition,
P-scores were calculated to rank the interventions, with
higher scores indicating greater likelihood of efficacy. In
order to assess heterogeneity, P statistics, tau-squared (),
and Q statistics were calculated. In order to assess the incon-
sistency assumption, global consistency was evaluated using
the assumption of a full design-by-treatment interaction
random-effects model, with P> .05 indicating nonsignifi-
cant inconsistency. In addition, local consistency was eval-
uated using node-splitting models that compared the results
of direct and indirect comparisons, with P> .05 indicating
nonsignificant inconsistency. Furthermore, in order to
assess publication bias, Egger’s tests were used, with P < .05
indicating significant publication bias. Additionally, 95%
prediction intervals (PIs) were calculated for each interven-
tion compared with CON to reflect the expected range of
effects in future studies, taking into account between-study
heterogeneity. Several subgroup analyses were conducted
according to age (younger: <50years; older: >50 years),
BMI (without obesity: <30kg/m?* with obesity: >30kg/
m?), intervention durations (short-term: <6 months;
longer-term: > 6 months), and validity of the measurement
method (valid including dual-energy X-ray absorptiometry
[DXA], MRI, and CT, and less valid including BIA).

RESULTS

Study Characteristics

From 1057 records initially identified, 693 remained after
removing duplicates and 119 studies remained after screen-
ing the titles and abstracts. Of these, 95 were excluded for
the reasons presented in Figurel, and finally, 24 studies
were included in the review and analyses.'®2>%73838 AJ|
included studies were randomized controlled or clinical tri-
als, with a total of 1930 adults, aged 22 to 69 years, with

BMIs ranging from 27 to 40kg/m? All participants had
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Figure 1. Flow Diagram of the Systematic Literature Search
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Abbreviation: RCT, randomized controlled trial. From: Moher D, Liberati A, Tetzlaff J, Altman DG; The PRISMA Group.
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA statement. PLoS Med. 2009;6(7):

€1000097.

overweight or obesity, with health statuses varying from
healthy to having chronic diseases such as type 2 diabetes.
Intervention durations ranged from 1 to 12 months. Studies
included different modes of IF, with TRE, ADF, and the 5:2
diet being the most common approaches. Comprehensive
details of the included studies, participants, and intervention
characteristics are summarized in Tablel. The overall
methodological quality of the included studies ranged from
5 to 9 (Table S2).

Network Meta-analysis

Visceral Fat. A total of 24 studies, involving 38 pairwise
comparisons, 5 treatment arms, and 9 study designs, were

Nutrition Reviews® Vol. 00(00):1-17

included in the network meta-analysis (Figure2).
Compared with CON, TRE (SMD: —0.44; 95% CI: —0.67
to —0.20; P=.001) and the 5:2 diet (SMD: —0.54; 95%
CI: —0.98 to —0.09; P=.01) led to significantly larger
reductions in VAT, while neither ADF (SMD: —0.21;
95% CI: —0.75 to 0.31; P=.42) nor CR (SMD: —0.23;
95% CI: —0.49 to 0.03; P=.08) led to significantly differ-
ent changes (Figure 3). Compared with CR, TRE led to
larger decreases in VAT that were borderline statistically
significant (SMD: —0.21; 95% CI: —0.45 to 0.03; P=.08)
(Table S3). Based on P-score rankings, the 5:2 diet (0.85)
was ranked as having the highest probability of being the
most effective intervention, followed by TRE (0.77),
ADF (0.41), and CR (0.40) (Figure3). Based on
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5:2 diet

CR

Figure2. Network Geometric Map of Studies
Investigating the Effect of IF Modes on Visceral Fat.
Numbers on the connecting lines indicate the number
of available comparisons between studies for each
treatment contrast.

Abbreviations: ADF, alternate-day fasting; CON, control;
CR, caloric restriction; IF, intermittent fasting; TRE, time-
restricted eating; 5:2 diet, 2 restricted days per week.

Comparison: other vs 'CON’

Treatment  (Random Effects Model) SMD 95%-Cl P-score
52diet —&—— -0.540 [-0.988;-0.092] 0.85
TRE —— -0.444 [-0.680;-0.209] 0.77
ADF —_—T -0.218 [-0.755; 0.318] 0.41
CR — - -0.231 [-0.494; 0.031] 0.40
I E—
-0.5 0 0.5
SMD

Figure 3. Forest Plot of the Network Meta-analyses on
Visceral Fat

Data are reported as SMDs (95% confidence limits).
Abbreviations: ADF, alternate-day fasting; CON, control;
CR, caloric restriction; SMD, standardized mean differ-
ence; TRE, time-restricted eating; 5:2 diet, 2 restricted
days per week.

heterogeneity assessment, there was moderate heteroge-
neity among the included studies (t* = 0.1255; T = 0.3543;
F=66.6% [95% CI: 50.4%; 77.5%]). Neither the global
(full design-by-treatment interaction random-effects
model) (Q=7.79, df =7, P=.45) (Table S4) nor the local
(node-splitting) method detected significant inconsis-
tency (Table S5). Based on Egger’s test results, there was
no significant publication bias (P=.21) (Figure S1). In
addition, the 95% PIs were wide, ranging from —1.17 to
0.28 for TRE, —1.36 to 0.28 for the 5:2 diet, —1.09 to 0.65
for ADF, and —0.97 to 0.51 for CR.

Subcutaneous Fat. A total of 8 studies, involving 12 pair-
wise comparisons, 5 treatment arms, and 6 study designs,
were included in the network meta-analysis (Figure 4).
The 5:2 diet (SMD: —0.45; 95% CI: —0.82 to —0.08;

Nutrition Reviews® Vol. 00(00):1-17

2 diet

CR

Figure4. Network Geometric Map of Studies
Investigating the Effect of IF Modes on Subcutaneous
Fat

Abbreviations: ADF, alternate-day fasting; CON, control;
CR, caloric restriction; IF, intermittent fasting; TRE, time-
restricted eating; 5:2 diet, 2 restricted days per week.

P=.01) and TRE (SMD: —0.37; 95% CI: —0.65 to —0.09;
P=.008) reduced SAT significantly more than CON, a
response not found with ADF (SMD: —0.05; 95% CL:
—0.53 to 0.43; P=.84) or CR (SMD: —0.26; 95% CI:
—0.54 to 0.02; P=.06) (Figure5). Compared with CR,
none of the IF interventions had larger effects (Table S6).
Based on P-score rankings, the 5:2 diet (0.85) had the
highest probability of being the most effective interven-
tion, followed by TRE (0.76), CR (0.54), and ADF (0.24)
(Figure5). Heterogeneity was low between studies
(t?=0.0167; 1=0.1292; ’=23.1% [95% CL 0.0%;
65.9%]). Neither global (full design-by-treatment interac-
tion random-effects model) (Q=6.59, df=4, P=.15)
(Table S4) nor local (node-splitting) methods detected
any significant inconsistencies (TableS7). Based on
Egger’s test results, there was no significant publication
bias (P=.38) (Figure S2).

Subgroup Analyses

Visceral Fat. The network geometry from the subgroup
analyses indicated that, compared with CON, TRE led to
larger reductions in VAT in both younger (SMD: —0.42;
P=.007) and older (SMD: —0.38; P=.04) adults, in indi-
viduals with obesity (SMD: —0.38; P=.003), in those
with both short-term (SMD: —0.36; P=.004) and
longer-term (SMD: —0.58; P=.03) interventions, and
with valid measurement methods (SMD: —0.32;
P=.001). The 5:2 diet led to larger reductions in VAT in
older adults (SMD: —0.62; P=.004), in individuals with
obesity (SMD: —0.53; P=.03), in those with short-term
interventions (SMD: —0.64; P=.006), and with valid
measurement methods (SMD: —0.44; P=.001).
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Comparison: other vs '"CON’

Treatment  (Random Effects Model) SMD 95%-Cl P-score
5:2 diet -0.455 [-0.820;-0.089] 0.85
TRE — -0.375 [-0.654;-0.096] 0.76
CR -0.262 [-0.545; 0.020] 0.54
ADF -0.050 [-0.539; 0.438] 0.24

| E—

0.5 0 0.5

SMD

Figure5. Forest Plot of the Network Meta-analyses on
Subcutaneous Fat

Data are reported as SMD (95% confidence limits).
Abbreviations: ADF, alternate-day fasting; CON, control;
CR, caloric restriction; SMD, standardized mean differ-
ence; TRE, time-restricted eating; 5:2 diet, 2 restricted
days per week.

Compared with CON, CR led to significantly larger
reductions in VAT in older adults (SMD: —0.40; P=.02)
and with valid measurement methods (SMD: —0.26;
P=.001). Subgroup analyses could not be conducted for
SAT due to the small number of studies available.

DISCUSSION

In the current systematic review and network meta-
analysis, results indicated that IF markedly affects adipose
tissue depots, but the magnitude of these effects varies by
fasting protocol. Compared with CON, the 5:2 diet and
TRE produced significantly larger reductions in VAT,
whereas ADF and daily CR showed smaller, nonsignifi-
cant effects. The P-score rankings confirmed that the 5:2
diet followed by TRE were the probable most effective
modalities for VAT reduction. For SAT, the 5:2 diet and
TRE led to significantly larger decreases when compared
with CON, a response not found with ADF and CR.
Heterogeneity was moderate for the VAT analysis but
low for SAT, and we found no evidence of inconsistency
or publication bias.

Our results are mainly in agreement with prior
observations. Across meta-analyses, IF and CR have pro-
duced comparable reductions in body weight, fat mass,
and VAT.”" Importantly, our network meta-analysis dis-
tinguishes between the efficacy of each regimen, empha-
sizing the superiority of the 5:2 diet and TRE in
promoting reductions in VAT.*” Although the 5:2 diet
and TRE ranked highest for both VAT and SAT accord-
ing to P-scores, these rankings should be interpreted with
caution due to moderate heterogeneity and the inherent
limitations of relative ranking metrics. In agreement with
the current results, Bahadoran et al*® noted that TRE tri-
als achieved 11%-27% VAT loss in adults with overweight
and obesity and improvements in adipose tissue health.
Furthermore, our finding that ADF did not outperform
CR for reducing VAT is consistent with other long-term
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trials.”® This finding challenges earlier suggestions that
ADF would uniquely mobilize VAT more strongly.”
Mechanistically, the intense energy deficits achieved
when adhering to ADF should trigger a potent lipolytic
response in visceral adipocytes,®® but our analysis sug-
gests this theoretical advantage may not translate into
substantially greater VAT loss.

Our results were mixed for SAT, with the 5:2 diet
and TRE showing evidence for reducing SAT more than
CON but not compared with CR, although data on
depot-specific effects remain limited. Because only a small
number of studies contributed to the SAT analysis
(n=38), these findings should be considered preliminary
and interpreted with caution. The apparent larger reduc-
tion in SAT observed with the 5:2 diet and TRE, as com-
pared with CON, may reflect a potential benefit of more
calorie-intensive IF regimens, although the limited num-
ber of studies reduces confidence in this estimate. This
pattern may reflect differences in adherence, total weight
loss, and energy deficits among protocols. However, the
smaller number of trials assessing SAT compared with
VAT likely reduced statistical power for this outcome,
and thus these findings should be interpreted cautiously.
Future studies with balanced imaging data for both fat
depots are needed to clarify whether the apparent differ-
ences between VAT and SAT responses represent true
physiological effects or simply differences in sample size
and study coverage. In practice, IF regimens often lead to
reductions in WC and truncal fat in participants with

61,62 .
For instance, WC has been shown to

overweight.
decrease by 3 to 8 cm in IF studies longer than 4 weeks, a
magnitude that is comparable to that achieved with CR
and slightly greater than reductions commonly observed

63,64
However, because

with exercise-only interventions.
most included trials were short-term (<12 weeks), the
durability of visceral fat reduction and long-term adher-
ence to IF remain uncertain. Our findings also suggest
that subcutaneous fat may be less responsive to IF modal-
ities unless energy restriction is substantial. Our network
meta-analysis indicates that both IF and CR reduce
adiposity, while the 5:2 diet and TRE are more effective
for lowering VAT, with daily CR alone having the lowest
probability of being effective for reducing VAT compared
with IF modalities.

We also explored whether the effects of the inter-
vention varied by participant or study characteristics and
observed a moderating effect of age that may reflect base-
line adipose depot differences (older individuals with
obesity have higher visceral stores) or behavioral factors
(eg, adherence). These observations should, however, be
interpreted cautiously, as the number of studies in each
stratum was limited and subgroup tests can be underpow-
ered for determining true effects.
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Intermittent fasting may promote the loss of VAT
through several interrelated pathways, including endo-
crine responses to fasting, such as reduced insulin and
elevated counterregulatory hormones, including gluca-
gon, catecholamines, and cortisol that shift metabolism
from glucose toward fatty acid and ketone utilization.">®®
The following mechanisms are proposed explanations
based on prior experimental and clinical literature and
should be considered as hypotheses rather than direct evi-
dence derived from the present meta-analysis. Visceral
adipocytes may have high lipolytic activity and are partic-
ularly sensitive to fasting-induced, counterregulatory
hormone surges, which can accelerate VAT mobiliza-
2065 Notably, even modest energy deficits tend to
preferentially deplete abdominal/visceral fat,°> and by
limiting energy intake to the active phase of the day, TRE
aligns nutrient availability with clock-regulated metabolic
processes in adipose tissue and other peripheral organs.*®
This circadian alignment may improve the timing and
amplitude of hormonal signals (eg, insulin and leptin)®®
and enhance lipolytic and lipid-cycling pathways in adi-
pocytes, accelerating adipose tissue turnover and favor-
able remodeling.””"® Clinical and preclinical studies

tion.

report that IF regimens may reduce adipocyte hypertro-
phy and attenuate adipose tissue inflammation across
both VAT and SAT, thus improving metabolic func-
397071 In addition to changes in fat mass, IF may
influence adipose tissue function through modulation of
adipocytokines. Adipose tissue acts as an endocrine organ
that secretes signaling molecules such as adiponectin, lep-
tin, resistin, and proinflammatory cytokines (eg, tumor
necrosis factor-a [TNF-a] and interleukin-6 [IL-6]),
which regulate insulin sensitivity, lipid metabolism, and
systemic inflammation.”” Intermittent fasting interven-
tions have been associated with increased adiponectin

tion.

concentrations and reduced leptin and inflammatory
cytokines, reflecting improved adipocyte metabolic activ-
ity and reduced adipose tissue inflammation.”> These
endocrine adaptations may contribute to improved insu-
lin sensitivity and metabolic regulation beyond the mag-
nitude of fat loss itself and have also been reported in
clinical populations characterized by adipose dysfunction,
such as women with polycystic ovary syndrome.”*
Collectively, these findings suggest that IF-induced
improvements in metabolic health may partly arise from
qualitative changes in adipose tissue signaling in addition
to reductions in adipose mass. Mechanistically, fasting
and IF regimens may activate cellular energy sensors
(notably, AMP-activated protein kinase [AMPK] and sir-
tuins [SIRT1/SIRT3]), as well as mitochondrial action
through peroxisome proliferator-activated receptor y
coactivator-1a. (PGC-1ar), and stimulate autophagy while
reducing proinflammatory signaling in adipocytes, proc-
esses that together reduce adipocyte hypertrophy and

Nutrition Reviews® Vol. 00(00):1-17

local inflammation across depots.”>’® Intermittent fasting

may also influence metabolic responses through altera-
tions in gut microbiota composition and microbial
metabolites, although such outcomes were not consis-
tently reported across the included trials and were there-
fore beyond the scope of the present analysis.”” Overall,
IF may elicit depot-specific metabolic adaptations that
favor VAT catabolism and improved adipose tissue
health."*’

A critical caveat to our study findings is that many
included trials did not match total energy restriction
across study arms, with IF often resulting in a larger net
energy deficit and/or better short-term adherence than
comparator arms. In addition, the magnitude and timing
of energy restriction varied considerably across studies.
Absolute caloric deficit and cumulative weight loss deter-
mine regional fat loss, which means that depot-specific
differences may reflect differential energy deficits, follow-
up durations, or adherence rather than intrinsic biological
effects of fasting.”® It should be noted that several
included trials did not match total energy intake between
intervention and comparator arms, and therefore
observed differences in VAT and SAT reductions may
partly reflect variations in caloric deficit rather than the
intrinsic effects of the fasting regimen. Adherence assess-
ment also differed across fasting modalities. Most studies
evaluated adherence using self-reported dietary records,
fasting logs, or compliance with prescribed eating win-
dows, while some incorporated attendance records or
digital monitoring of eating periods. Time-restricted eat-
ing protocols generally required participants to maintain
a daily eating window, which may support more consis-
tent routine-based adherence, whereas ADF and 5:2 regi-
mens required intermittent large energy-restriction days
that may be more difficult to sustain over time.
Consequently, apparent differences in fat loss between
fasting protocols may partially reflect differences in sus-
tained behavioral compliance rather than solely physio-
logical effects. Future trials should report standardized
adherence metrics and examine whether depot-specific
fat loss persists after accounting for adherence levels.
Comparisons that do not control for net caloric intake
are susceptible to confounding factors, and another
potential source of variability is physical activity. Most
included trials did not strictly control or objectively mon-
itor habitual activity levels, and changes in daily move-
ment or structured exercise could independently
influence visceral and subcutaneous fat loss. Because
energy expenditure contributes to net energy balance, dif-
ferences in physical activity between or within study
arms may partly explain variations in adipose tissue
reduction attributed to dietary interventions. Future trials
should incorporate standardized monitoring of physical
activity to better isolate fasting-specific effects. In
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addition, we reported Pls (%) to illustrate the expected
range of effects in future studies and to account for
between-study heterogeneity, providing a more clinically
relevant interpretation of the results. Meta-regression or
stratified analyses that adjust for measured energy deficit,
weight change, and study duration are therefore essential
to distinguish regimen-specific from calorie-driven and
weight-loss effects. We therefore recommend interpret-
ing apparent regimen advantages with caution and treat-
ing them as hypothesis-generating until confirmed by
trials that directly match energy deficit or include prespe-
cified caloric equivalence in study groups. In addition,
subgroup analyses based on measurement method validity
(BIA vs gold-standard methods) demonstrated consistent
reductions in VAT and SAT across measurement meth-
ods. This suggests that the observed effects are unlikely to
be explained by measurement inaccuracies and supports
the robustness of our findings despite heterogeneity in
adiposity assessment techniques.

Strengths and Limitations

In the current systematic review and network meta-
analysis, we conducted a comprehensive literature search
and applied network meta-analysis to compare multiple
fasting modes simultaneously, using SMDs to integrate
heterogeneous measures of VAT and SAT. We found no
significant inconsistency, and small-study bias was not
evident. Nonetheless, there are some limitations that
require consideration. Many included trials were of rela-
tively short duration (often <12 weeks). This factor likely
contributed to the moderate heterogeneity observed for
VAT outcomes. Moreover, study quality varied, and
although we only included randomized trials, several had
incomplete blinding or high attrition, which may bias the
estimates of depot-specific adipose tissue loss. Our analy-
sis focused on adults with overweight or obesity, so
applicability to normal-weight or very-high-risk patients
is uncertain. Sex-specific effects could not be examined
because most included trials reported pooled results with-
out sex-disaggregated outcomes, limiting interpretation
of potential differences in fasting responses between men
and women. Also, the relatively small number of studies
for SAT (and for certain IF modes) means that these
results, in particular, should be interpreted with caution.
Finally, network meta-analysis assumes that indirect
comparisons are valid, which seems plausible here,
although unmeasured differences in some study proto-
cols, such as total caloric deficit targets and physical activ-
ity energy expenditure, could bias the relative rankings.
Additionally, PIs were wider than the corresponding Cls
and, in some cases, included the null value, indicating
variability in effect magnitudes across studies and
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suggesting that treatment benefits may differ across pop-
ulations and settings.

Future Research Directions

Future trials are needed to confirm our findings, with
longer-term randomized controlled trials (>6-12 months)
to assess sustainability and magnitude of VAT reduction
and to evaluate IF protocol adherence and weight regain,
as short-term studies may misclassify depot changes.
Studies should also use precise imaging (MRI/CT) for fat
quantification and distribution to avoid reliance on prox-
ies such as WC. Although the network analyses provide
comparative estimates, definitive confirmation of the
rankings of IF modes requires randomized trials that
directly compare specific regimens. More mechanistic
research is needed to incorporate biomarkers and multi-
omics, such as measuring free fatty acids, adipokines, and
gut microbiome changes that could elucidate how fasting
modulates metabolism. Advanced methods such as fre-
quent serial imaging and metabolomics could reveal
molecular pathways linking fasting to reductions in VAT.
Examining interactions with exercise or dietary composi-
tion (eg, protein intake) is also important. Finally, strati-
fied studies are needed to determine whether certain
populations (eg, individuals with metabolic syndrome,
older adults, or women vs men) derive greater benefits
from specific IF modes.

CONCLUSION

In adults with overweight or obesity, the 5:2 diet and
TRE can effectively reduce VAT and SAT when com-
pared with CON. In comparison, ADF and CR were not
more effective than CON for reducing either fat depot.
These findings have potential clinical implications, since
reducing visceral fat is critical to lowering cardiometa-
bolic risk.”” However, given the variability across studies,
these findings should not be interpreted as showing
definitive superiority of a single protocol. Instead, some
regimens of IF may be considered as an alternative to CR
within a broader lifestyle approach, with regimen selec-
tion guided primarily by feasibility and long-term adher-
ence to achieve meaningful reductions in visceral fat and
cardiometabolic risk.
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