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Abstract

Objective The purpose of this study is to evaluate the additional effect of exercise to intermittent fasting (IF) on body com-
position and cardiometabolic health in adults with overweight/obesity.

Method Relevant studies were identified through a systematic search across five databases. A random-effects meta-analysis
was conducted on outcomes including body composition and cardiometabolic health markers, to compare the effect of com-
bining IF with exercise against IF alone. The certainty of the evidence was evaluated using the GRADE approach, while the
quality of the included studies was assessed using the revised Cochrane risk-of-bias tool and the TESTEX scale.

Result In total, twelve studies including 616 participants (Age: 40 +9 years; BMI: 33.6 +4.8 kg/m?*; 87.3% female) were
included in this systematic review and meta-analysis. The combined intervention was more effective, leading to greater
reductions in fat mass (-0.93 kg [95% CI: -1.69, -0.18]) and waist circumference (-2.51 cm [95% CI: -3.70, -1.32]) when
compared to IF alone. Cardiometabolic health parameters also showed greater improvements, with decreased insulin (-3.1ulU/
ml [95%CI: -4.25; -1.95]), HOMA-IR (-0.57 [95%CI: -0.83; -0.31]), LDL (-10.67 mg/dl [95%CTI: -20; -1.35]), resting heart
rate (-2.68 bpm [95%CI: -4.71; -0.64]), along with enhanced cardiorespiratory fitness (VO, ...:1.92 ml/kg/min [95%CI:
0.32; 3.52]). For the remaining outcome variables, no statistically meaningful differences emerged between the groups.
Conclusion The potential benefits of incorporating exercise into IF for adults with overweight/obesity, particularly in terms
of body composition, glycemic control, and cardiorespiratory fitness, appear promising. Nevertheless, given the limited
amount of data, future investigations are essential to strengthen the evidence base and investigate the influence of specific
exercise and IF types in enhancing treatment outcomes.

Registry and registry number for systematic reviews or meta-analyses: CRD42024550753.
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Introduction

Overweight and obesity are major public health concerns
worldwide. The global prevalence of excess body weight
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early life through adulthood using primary care such as diet
modification, physical activity, and behavioral changes [5,
6].

Intermittent fasting (IF) has emerged as a promising die-
tary strategy for weight management and improving meta-
bolic health in individuals with overweight and obesity [7,
8]. Apart from Ramadan intermittent fasting, which follows
areligious fasting pattern, various IF protocols are employed
outside religious contexts. These include diverse eating pat-
terns such as time-restricted eating (TRE), intermittent dry
fasting, specific fasting days per week, and alternate day
(modified) fasting (ADF) [9]. Characterized by alternating
cycles of eating and fasting, IF has been associated with
numerous health benefits, including weight loss [10, 11],
improved insulin sensitivity [12-14], and reduced inflam-
mation [15-17]. While dietary strategy focuses on energy
intake, exercise, which increases energy expenditure, plays
an essential role, and offers numerous health benefits in
adults with overweight/obesity [18]. Exercise is globally
recognized for its popularity, accessibility, and established
health benefits across diverse populations, including indi-
viduals with various health conditions although through
different modalities [19-21]. It plays a significant role in
promoting overall health and addressing metabolic disorders
[22], improved glycolipid profiles [23, 24], reduced blood
pressure [25], and enhanced cardiorespiratory fitness (CRF)
[26]. CRF is a key indicator of cardiovascular health [27],
reflects the body’s efficiency in oxygen usage during physi-
cal activity, and is associated with lower risks of chronic
diseases and better metabolic functioning [28]. Given these
marked benefits, exercise appears to be a valuable addition
to dietary interventions, such as IF, for managing excess
body weight and its associated complications. There has
been growing interest in exploring the synergistic effects
of combining IF with exercise. This combination has the
potential to improve body composition and enhance training
adaptations, though its impact on lean mass and cardiometa-
bolic markers remains unclear [29]. Exercise plays a crucial
role in supporting endocrine health by regulating metabolic
hormones like insulin and cortisol, which may amplify the
benefits of IF by improving insulin sensitivity and reduc-
ing stress-related hormonal responses [30]. Understanding
whether exercise provides significant additional benefits
when combined with IF is crucial, as it would allow clini-
cians and health professionals to tailor interventions more
effectively for individuals with overweight or obesity.

Existing literature indicates that adding exercise to
hypocaloric diets enhances cardiovascular fitness but no
effects in body composition or glycemic control in adults
with overweight/obesity and type 2 diabetes [31]. While pre-
vious studies have explored the combined effects of IF and
exercise, one was a narrative review reporting equivocal evi-
dence [29], another was a network meta-analysis focusing on
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weight loss outcomes [32], and others were meta-analyses
that quantitatively analyzed the data but primarily compared
IF combined with exercise to non-fasting diets with exer-
cise [33, 34]. However, there remains limited synthesized
evidence on the additional benefits of combining exercise
with IF for body composition and cardiometabolic health in
adults with overweight/obesity. This meta-analysis aims to
evaluate randomized controlled trials (RCTs) that assessed
the additional effect of incorporating exercise into IF pro-
tocols on body composition and cardiometabolic health in
adults with overweight/obesity. By synthesizing data from
multiple studies, we seek to determine whether this com-
bined approach offers greater health benefits compared to IF
alone, thereby providing evidence-based insights and practi-
cal guidelines for tailoring interventions to optimize clinical
outcomes in this population.

Methods
Design

This systematic review and meta-analysis were registered at
PROSPERO (registration number CRD42024550753) and
conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) state-
ment guidelines and the Cochrane Handbook of Systematic
Reviews of Interventions [35].

Search Strategy

A systematic literature search was conducted to identify
studies evaluating how IF combined with exercise impacts
cardiometabolic outcomes and body composition. Searches
were performed within electronic databases such as PubMed,
Embase, SPORTDiscus, Web of Science, and Cochrane
Central Register of Controlled Trials (CENTRAL), cover-
ing all available records up to July 2024. The search strategy
included various combinations of the keywords and MeSH
terms: (“Intermittent fasting” OR “alternate-day fasting” OR
“intermittent energy restriction” OR “intermittent calorie
restriction” OR “intermittent restrictive diet” OR “periodic
fasting” OR “sporadic fasting” OR “time-restricted feeding”
OR “time-restricted eating” OR “5:2 diet” OR “5:2 fasting”
OR “Ramadan” OR “Ramadhan” OR “time-restricted fast-
ing” OR “periodic diet” OR “reduced meal frequency” OR
“alternate day modified fasting” OR “modified alternate-
day fasting” OR “whole day fasting”) AND (Exercise* OR
aerobic* OR running OR jogging OR walk* OR hiking OR
swim* OR aquatic* OR cycling OR bicycle* OR strength*
OR physical activity* OR fitness OR train* OR resistance)
AND (Obesity OR Obese or Overweight). Table S1 pro-
vides a detailed description of the search methods. Further
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relevant articles were discovered by screening the reference
lists of the studies obtained via the systematic search.

Criteria for Eligibility and Selection of Studies

After identifying studies through databases, registries, and
additional sources, all records were imported into Endnote
20 software. All titles and abstracts underwent independent
screening by two authors (ZD and KW), followed by full-
text assessment for final study inclusion. Any differences
identified by the two reviewers were resolved by consult-
ing a third reviewer (PW) and engaging in discussion until
agreement was achieved. Studies meeting the following
criteria were included: 1) adults with overweight and/or
obesity, BMI >23 kg/m? (Asians study [36] BMI >23
kg/mz); 2) Randomized controlled trials with a matched
comparison between IF combined with exercise (IF + EX)
and IF alone; 3) Evaluation of body composition and/or
cardiometabolic outcomes, with body mass, fat mass, fat-
free mass, body mass index (BMI), visceral fat mass, waist
circumference (WC), fasting glucose, insulin, homeostatic
model assessment for insulin resistance (HOMA-IR), low-
density lipoprotein cholesterol (LDL), high-density lipo-
protein cholesterol (HDL), total cholesterol (TC), triglyc-
erides (TG), systolic blood pressure (SBP), diastolic blood
pressure (DBP), resting heart rate, and maximal oxygen
uptake (VO, ,,..)- leptin and adiponectin. The searches
were restricted to studies involving humans, with the avail-
ability of full-text articles published exclusively in English;
however, no limitations were imposed regarding the date
of publication.

Data Extraction

Data extraction from the selected studies was conducted by a
single author (ZD) using an electronic spreadsheet (Excel,
2023) based on the specified study characteristics, including
study details (first author, publication year, country, partici-
pant characteristics, study design), intervention specifics
encompassing types of IF and exercise, comparator details,
intervention duration, and outcomes. The dataset included the
number of participants, mean differences, and standard devia-
tions (SD) of the outcomes from baseline to endpoint for both
the intervention and control groups. These final data were
prepared for analysis in the R statistical software (version
4.4.1). When obtaining complete data was not feasible, we
employed a correlation coefficient (Corr) to calculate the SD
of the pre-post change (SDp,nee)- The Corr was derived based
on the calculated coefficients [37]. The following formula was
applied to compute the standard deviations of the SD ;.-
SDepange = \/Sngﬁnc +SD2, i — (2% Cort X SDqgerine X SDendpaind

All outcome measures were converted into consistent units,

such as fasting glucose (mg/dl), TC (mg/dl), TG (mg/dl). In
cases where change values were not reported, we reached out
to the corresponding authors of the articles to obtain the nec-
essary data. When sufficient data was unavailable, values were
retrieved from graphs utilizing the WebPlotDigitizer software.
All extracted information was independently verified for cor-
rectness by another author (KW).

Study Risk of Bias Assessment

Two reviewers (ZD and PW) independently assessed the risk
of bias using the revised Cochrane Risk of Bias tool (RoB
2) [38]. Discrepancies in their assessments were resolved
through discussions with an additional author (KW) until
a consensus was achieved. Five domains were assessed to
evaluate the quality of the included RCTs, including bias
from the randomization process, deviations from intended
interventions, missing outcome data, outcome measurement,
and the selection of reported results. Each study was sub-
sequently assigned an overall risk of bias classification as
either “low risk”, “some concerns,” or “high risk,” based
on these assessments.

Certainty of Evidence

The overall certainty of evidence was evaluated using the
Grading of Recommendation Assessment, Development,
and Evaluation (GRADE) approach. This method evalu-
ated the certainty of evidence across five key domains: risk
of bias, inconsistency, indirectness, imprecision, and pub-
lication bias [39]. The GRADE approach was applied to
evaluate all outcomes in this meta-analysis, and any author
disagreements were addressed through discussion until con-
sensus was achieved.

Assessment of Study Quality and Reporting
in Exercise

The quality of the included studies was also evaluated using
the Tool for the assessment of study quality and reporting
in exercise (TESTEX) scale, a tool specifically designed for
assessing the quality and reporting of exercise-based stud-
ies. This evaluation covered 12 domains, encompassing both
study quality and reporting components. Based on their total
TESTEX scores, the studies were categorized as high qual-
ity, good quality, or low quality [40].

Data Synthesis and Analysis
One author (ZD) performed data synthesis and analysis, and

meta-analyses were completed utilizing R statistical software
(version 4.4.1) with the metafor package (version 7.0-0)
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when data were available from a minimum of two reports.
These analyses involved calculating mean differences (MD)
and standardized mean differences (SMD) along with 95%
confidence intervals (CI), to assess and compare the effects
of IF + EX with IF alone on the outcomes. Random-effect
models were utilized for calculations, considering potential
heterogeneity stemming from clinical or methodological
variations that might have impacted the results. Heteroge-
neity was assessed using the I-squared (I?) statistic, with
heterogeneity considered high when I* exceeded 50%. Pre-
diction intervals (PI) were reported to illustrate the degree of
heterogeneity in forest plots of random-effects meta-analyses
[41]. For analyses with I>> 50%, sensitivity analyses were
performed by systematically excluding one study at a time
to determine whether any specific study contributed signifi-
cantly to the heterogeneity. To delve deeper into the effects
of the intervention on body composition and cardiometa-
bolic outcomes, subgroup analyses were conducted based
on the participant’s age, sex, intervention duration, IF type,
and EX type. Furthermore, potential publication bias was
assessed using funnel plots and Egger’s regression analysis,
provided the meta-analysis included at least ten studies. A
P-value of <0.05 was considered indicative of publication
bias.

Results
Study Selection

A total of 2,634 articles were initially retrieved through the
database searches. Detailed records from each of the five
databases are provided in Table S1. After deduplicating
and screening titles and abstracts, 56 full-text papers were
evaluated for eligibility. Ultimately, 12 articles derived from
10 studies met the criteria for inclusion in the systematic
review and meta-analysis [42—53]. The detailed selection
procedure is illustrated clearly in the PRISMA flowchart
shown in Fig. 1.

Study Characteristics

Table 1 provides an overview of the main characteristics
of the twelve RCTs selected for inclusion in the meta-anal-
ysis [42-53]. Together, these studies involved a total of
616 participants, with an overall mean age of 40 +9 years,
a mean BMI of 33.6 +4.8 kg/m?, and a sample that was
87.3% female. Among the 12 studies, three studies were con-
ducted in the USA [45, 46, 49], two in Tunisia [42, 52], two
in Brazil [43, 44], two in Korea [47, 53], one in Thailand

( Identification of studies via datab and registers [ Identification of studies via other methods ]
5
= Records removed before
_§ Records identified from: | screening. Records identified from:
b} Databases (n = 2634) g Duplicate records removed Citation searching (n = 0)
S (n =545)
=
|
—
Records screened »| Records excluded
(n =2089) (n=2033)
Reports sought for retrieval o | Reports not retrieved Reports sought for retrieval | Reports not retrieved
2 (n=56) "l (n=0) (n=0) "l (n=0)
=
o
: I !
=3
7]
Reports assessed for eligibility _| Full-text articles excluded, with Reports assessed for eligibility _
(n=56) »| reasons (n=£_14) (n=0) >
.SUbJe.CIS .d'd. no_t meet  the Reports excluded:
inclusion criteria (n=16) (n=0)
Study design did not meet
inclusion criteria (n=9)
Only abstract (n=6)
Review paper (n=6)
v Animal study (n=7)
3
o Studies included in review
S (n=12)
c

Fig. 1 Flowchart of study selection
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Table 1 The main characteristics of the included studies

Author (year) Country Age, years  Sex BMI, kg/m? Participants Duration IG CG  Outcome examined
Mean +SD (F/M) Mean +SD number IF + EX IF
Ameur et al., 2024 Tunisia 32.1 +£10.0 Female 35.0+3.8 64 12 weeks TRE +HIFT TRE Body mass, BMI, DBP,
64/0 FFM, FG, FM, HDL,

HOMA-IR, insulin,
LDL, SBP, TC, TG,

WC,
Batitucci et al., 2022 Brazil 322+44 Female 34.0+32 36 8 weeks 5:2+HIIT 5:2 Body mass, BMI, WC
36/0
Batitucci et al., 2024 Brazil 322+44 Female 34.0+3.2 36 8 weeks 5:2+HIIT 5:2 FFM,FM
36/0
Bhutani et al., 2013a  US 44.0 +13.0 Both 350+46 83 12 weeks ADF +CT  ADF Body mass, BMI, DBP,
80/3 FFM, FG, FM, HDL,
HOMA-IR, RHR,
insulin, LDL, SBP, TC,
TG, WC
Bhutani et al., 2013b  US 44.0 +13.0 Both 350+46 83 12 weeks ADF +CT  ADF Adiponectin, leptin
80/3
Cho et al., 2019 Korea 36.7+7.3 Both 273 +34 31 12 weeks ADF +CON ADF Body mass, BMI, FG,
16/15 FM, HDL, HOMA-IR,
insulin, LDL, TC, TG,
VEM, VO, ...«
Cooke et al., 2022 Australia 354 +8.4 Both 31.3+£3.5 34 16 weeks 5:2 +HIIT 5:2  Body mass, DBP, FFM,
28/6 FG, FM, HDL, HOMA-
IR, LDL, SBP, TC, TG,
VEM, VO, ... WC
Ezpeletaet al., 2023 US 44.0 £13.0 Both 36.0 £6.0 80 12 weeks ADF +CT  ADF Body mass, BMI, DBP,
65/15 FFM, FG, FM, HDL,
HOMA-IR, RHR, insu-
lin, LDL, SBP, TC, TG,
VEM, WC
Haganes et al., 2022 Norway 36.2+6.2 Female 362+6.2 131 7 weeks TRE +HIIT TRE Adiponectin, Body mass,
131/0 DBP, FFM, FG, FM,
HDL, HOMA-IR, lep-
tin, RHR, insulin, LDL,
SBP, TC, TG, VFM,
VOZ max
Keawtep et al., 2024 Thailand 52.9 +3.4 Female 29.1 +34 92 12 weeks 5:24+CON  5:2  Adiponectin, Body mass,
92/0 BMI, FFM, FG, FM,
HOMA-IR, insulin, TC,
TG’ VOZ max
Maaloul et al., 2023  Tunisia 31.8+7.1 Male 33.1+42 20 4 weeks RIF+CON RIF Body mass, FFM, FG,
0/20 FM, HDL, LDL, TC,
TG, WC
Oh et al., 2018 Korea 36.4+8.1 Both 274 +3.1 45 8 weeks ADF +CON ADF Body mass, BMI, DBP,
26/19 FFM, FG, FM, HDL,

HOMA-IR, insulin,
SBP, TC, TG, WC

5:2, 5:2 diet; ADF, alternate day fasting; BMI, body mass index; CG, control group; CON, concurrent training; DBP, diastolic blood pressure;
EE, endurance exercise; FFM, fat-free mass; FG, fasting glucose; FM, fat mass; HDL, high density lipoprotein cholesterol; HIFT, high intensity
function training; HIIT, high intensity interval training; HOMA-IR, homeostatic model assessment for insulin resistance; IG, intervention group;
LDL, low density lipoprotein cholesterol; RIF, Ramadan intermittent fasting; RHR, resting heart rate; SBP, systolic blood pressure; TC, total
cholesterol; TG, triglycerides; TRE, time restricted eating; VFEM, visceral fat mass; VO, .., maximal oxygen uptake; WC, waist circumference

[51], one in Norway [50], and one in Australia [48] with a [43, 44] contributed two articles each, reporting on differ-
total of 616 participants (sample size ranging from 20 to  ent outcomes. Intervention durations varied from 4 to 16
131). Notably, Bhutani et al. [45, 46] and Batitucci et al. weeks; specifically, one study lasted 4 weeks [52], one study
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spanned 7 weeks [50], three studies lasted 8 weeks [43, 44,
53], six studies lasted 12 weeks [42, 4547, 49, 51], and one
study lasted 16 weeks [48]. In addition, one study exclu-
sively enrolled male participants [52], five studies recruited
only female participants [42—-44, 50, 51], while the remain-
ing six studies included participants of both sexes [45—49,
53]. Exercise interventions included continuous training [45,
46, 49], concurrent training [47, 51-53], and high-intensity
interval [43, 44, 48, 50]/functional training [42]. As for IF
type, two studies used TRE [42, 50], five studies used ADF
[45-47, 49, 53], four studies performed 5:2 diet [43, 44, 48,
51] and one study used Ramadan IF [52].

The Effects of IF + EX Versus IF Alone
on Anthropometric and Body Composition
Outcomes

In Figure S1, ten studies [42, 43, 45, 47-53] including 319
participants, examined body mass as an outcome. The analy-
sis showed no significant difference between the combined
intervention and IF alone (MD —0.15 kg; 95%CI [—0.84,
0.54]; P=0.67; I’= 0%, 95%PI [—1.20, 0.90]), and the cer-
tainty of this evidence was rated as very low. Seven stud-
ies [42, 43, 45, 47, 49, 51, 53] involving 224 participants,
investigated the impact on BMI as an outcome (Figure S2).
The analysis showed no significant difference between the
combined intervention and IF alone (MD —0.26 kg/m?;
95%CI [-0.67, 0.15]; P= 0.21; I*= 0%, 95%PI [-0.78,
0.25]), and the certainty of this evidence was rated as low.
In terms of fat mass, the combined strategy showed a lower
level (MD —0.93 kg; 95%CI [—1.69, —0.18]; P=0.01; I’=
27%, 95%PI [—2.39, 0.52]) compared to IF alone, supported
by moderate certainty of evidence from a comprehensive

Experimental Control
Study Total Mean SD Total Mean SD
Ameur et al., 2024 20 -830497 20 -400 421
Batitucci et al., 2024 15 180169 10 -0.90 259
Bhutani et al, 2013a 16 -500 400 16 -2.00 4.00
Cho etal, 2019 9 -3.20 1.50 8 -3201.70
Cooke et al,, 2022 11 -293 283 8 -3.58 3.06
Ezpeleta et al., 2023 20 324245 19 -332239
Haganes et al., 2022 27 260476 29 -140 464
Keawtep et al., 2024 23 -250 503 23 -1.39 3.08
Maaloul et al., 2023 10 -3.60 5.41 10 -1.40 3.97
Ohetal, 2018 12 270200 13 -1.60 2.30
Random effects model 163 156

Prediction interval
Heterogeneity: 1° = 27.1%, 1° = 0.2668, p = 0.1948

analysis involving 10 studies [42, 43, 45, 47-53] encompass-
ing 319 participants (Fig. 2). For fat-free mass, the analysis
of nine studies [42, 43, 45, 48-53] involving a total of 302
participants revealed no significant difference between the
combined strategy and the IF alone (MD 0.75 kg; 95%CI
[-0.41, 1.90]; P= 0.20; I>= 86%, 95%PI [—3.04, 4.53])
(Figure S3). The certainty of this evidence was assessed as
very low. Sensitivity analyses indicated that eliminating het-
erogeneity, notably by excluding the study by Ameur et al.
[42], did not alter the statistical significance. In the analysis
of WC, seven studies [42, 43, 45, 48, 49, 52, 53] involving
200 participants, with low certainty of evidence (Fig. 3),
indicated that the combined strategy led to a lower reduction
in WC (MD -2.51 cm; 95%CI [-3.70, —1.32]; P< 0.001;
I?= 0%, 95%PI [—4.00, —1.03]). Regarding the assessment
of visceral fat from four studies [47-50] encompassing 131
participants (Figure S4), it was found that there was no sig-
nificant difference between the combined strategy and the
control group (SMD —0.20; 95%CI [—0.55, 0.15]; P= 0.26;
I>= 6%, 95%PI [—0.76, 0.36]), supported by evidence of
low certainty.

The Effects of IF + EX Versus IF Alone on Glycemic
Outcomes

In the analysis of fasting glucose levels across nine studies
[42, 45, 47-53] involving 293 participants (Figure S5), no
significant difference was observed between the combined
strategy and the control group (MD —1.92 mg/dl; 95%CI
[-4.47,0.62]; P= 0.14; I’= 51%, 95%PI [-8.73, 4.89]),
supported by evidence of very low certainty. Sensitiv-
ity analysis indicated that removing the study conducted
by Maaloul et al. [52] decreased heterogeneity to 10%,

Mean Difference MD 95%-Cl Weight
430 [-7.16;-1.44] 62%
— -0.90 [-2.72; 0.92] 13.0%
—— -3.00 [[577;-023] 65%
- 0.00 [-1.53; 1.53] 16.7%
—‘—|—'—— 065 [-2.05; 3.35] 6.8%
— . 0.08 [-1.44; 160] 16.9%
— -1.20 [-366; 1.26] 7.9%
—T 111 [-352; 1.30] 8.3%
: 220 [6.36; 1.96] 3.1%
—a -1.10 [-2.79; 0.59] 14.6%
> -0.93 [-1.69; -0.18] 100.0%
— [-2.39; 0.52]
T 1 |
6 4 2 0 2 4 6

Fig.2 Meta-analysis of IF + EX vs. IF alone on fat mass. Values are reported as mean difference (MD)
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although it had no impact on the statistical significance
of the results. Insulin levels were assessed as an outcome
in seven studies [42, 45, 47, 49-51, 53], encompassing

a total of 250 participants (Fig. 4). It was observed that
the combined strategy showed lower insulin (MD —3.10
ulU/ml; 95%CI [—4.25, —1.95]; P< 0.001; I*= 0%, 95%PI

Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Ameur et al., 2024 20 -10.50 416 20 -6.70 533 —E— -3.80 [-6.76,-0.84] 16.1%
Batitucci et al., 2022 15 -300383 10 0.00 3.16 — -3.00 [-5.76;-0.24] 186%
Bhutani et al., 2013a 16 -800400 16 -5.00 4.00 — -3.00 [-5.77,;-023] 184%
Cooke et al., 2022 11 -9.00 6.69 8 300693 ———— -6.00 [-1222; 022] 37%
Ezpeleta et al,, 2023 20 502418 19 -459 397 T -043 [-299; 213] 21.7%
Maaloul et al., 2023 10 600663 10 -280 523 — -3.20 [-843; 203] 52%
Ohetal, 2018 12 410390 13 -220 360 —a T -190 [-4.85; 1.05] 16.3%
Random effects model 104 96 <> -2.51 [-3.70; -1.32] 100.0%
Prediction interval — [-4.00; -1.03]
Heterogeneity: /° = 0.0%, t° =0, p = 0.5503 | ! : :

-10 -5 0 5 10

Fig.3 Meta-analysis of IF +EX vs. IF alone on waist circumference. (MD)

Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Ameur et al., 2024 20 676 307 20 -285 245 - -3.91 [-563;-219] 37.3%
Bhutani et al., 2013a 16 -300 438 16 -2.00 1753 -1.00 [-985; 785 1.7%
Choetal, 2019 9 -387 834 8 321 880 _ -7.08 [-15.26; 1.10] 2.0%
Ezpeleta et al,, 2023 20 959 12.71 19 -7.41 1372 S E— -218 [-1049; 6.13] 1.9%
Haganes et al., 2022 26 210 415 25 -040 343 L Ji -1.70 [-3.79; 0.39] 26.8%
Keawtep et al., 2024 23 651 287 23 -350 415 = -3.01 [-5.07,-095] 27.4%
Ohetal, 2018 12 290 410 13 260 11.50 — 550 [[1217; 1.17]  29%
Random effects model 126 124 & -3.10 [-4.25; -1.95] 100.0%
Prediction interval S— [-4.82; -1.37]
Heterogeneity: 12 = 0.0%, 2 = 0.1529, p = 0.6418 U U

15 10 5 0 5 10 15

Fig.4 Meta-analysis of IF +EX vs. IF alone on insulin. (MD)

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Ameur et al., 2024 20 19109 20 -1.01 0.53 : -1.14 [-1.81,-047] 135%
Bhutani et al., 2013a 16 000400 16 0.00 6.57 — 0.00 [-0.69; 069] 12.8%
Choetal, 2019 9 112 204 8 068215 —*+—1 -082 [1.82; 0.19] 65%
Cooke et al,, 2022 11 -0.20 0.37 8 -0.10 0.27 — T -029 [-1.20; 063] 7.7%
Ezpeleta et al., 2023 20 -255337 19 -1.80 2.81 — = -0.24 [-0.87; 0.39] 15.1%
Haganes et al., 2022 26 -030049 25 0.00 042 — -065 [-1.21;-0.08] 18.2%
Keawtep et al., 2024 23 161077 23 -092 1.03 —E— -0.75 [-1.35;-0.15] 16.5%
Ohetal, 2018 12 090 130 13 060 280 —*—— 066 [-146; 0.15] 97%
Random effects model 137 132 > -0.57 [-0.83; -0.31] 100.0%
Prediction interval — [-1.01; -0.13]
Heterogeneity: /° = 6.3%, = = 0.0162, p = 0.3816 ol ol

151050 05 1 15

Fig.5 Meta-analysis of IF +EX vs. IF alone on HOMA-IR. Values are reported as standardized mean differences (SMD)
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[—4.82, —1.37]) with low certainty of evidence compared
with the IF alone. HOMA-IR was evaluated as an outcome
measure in eight studies [42, 45, 47-51, 53], involving a
total of 269 individuals. (Fig. 5). It was observed that the
combined strategy showed lower HOMA-IR (SMD —0.57;
95%CI [-0.83, —0.31]; P< 0.001; I’ = 6%, 95%PI [—1.01,
—0.13]) with low certainty of evidence compared with the
IF alone.

The Effects of IF + EX Versus IF Alone on Lipid
Profiles

Nine studies [42, 45, 47-53] were included in the TC analy-
sis, with 290 participants evaluated (Figure S6). The analysis
found no significant difference between the groups regard-
ing TC levels (MD —7.39 mg/dl; 95%CI [—-16.53, 1.74];
P=0.11; I>= 65%, 95%PI [—35.25, 20.46]), with evidence
rated as having very low certainty. Sensitivity analyses
demonstrated that removing the study by Ameur et al. [42]
resolved heterogeneity, although it did not alter the statisti-
cal significance of the results. Eight studies [42, 45, 47-50,
52, 53], comprising 244 participants, evaluated HDL cho-
lesterol as an outcome measure (Figure S7). The analysis
showed no significant difference in HDL cholesterol levels
between groups (MD 3.32 mg/dl; 95%CI [—-1.56, 8.21]; P=
0.18; I°= 81%, 95%PI [—12.72, 19.36]), with the certainty
of evidence assessed as very low. After sensitivity analysis,
we found that removing any study did not reduce heteroge-
neity. LDL cholesterol was analyzed in seven studies [42,
45, 47-50, 52], involving a total of 219 participants (Fig. 6).
The results indicated the combined strategy showed a lower
LDL level when compared to IF alone (MD —10.67 mg/dl;
95%CI [-20.00, —1.35]; P= 0.02; I*= 67%, 95%PI [-37.87,
16.53]) with very low certainty of evidence. Sensitivity
analysis demonstrated that excluding the study by Maal-
oul et al. [52] had no impact on statistical significance but

lowered heterogeneity to 22%. Nine studies [42, 45, 47-53],
including a total of 290 participants, evaluated TG levels
as an outcome measure (Figure S8). The results showed no
notable difference in TG levels between the groups (MD
—12.86 mg/dl; 95%CI [-34.11, 8.40]; P= 0.24; I = 82%,
95%PI1 [—83.20, 57.48]), with the evidence quality assessed
as very low. After sensitivity analysis, we found that remov-
ing any study did not reduce heterogeneity.

The Effects of IF + EX Versus IF Alone on Blood
Pressure and CRF

In the assessment of SBP and DBP across six studies [42,
45, 48-50, 53] involving 209 participants (Figure S9 and
Figure S10), no significant differences were noted in SBP
and DBP between the groups, supported by evidence of
very low certainty. The mean differences were 0.16 mmHG
(95%CI [-2.66, 2.99]; P= 0.91; I*= 64%, 95%PI [-7.64,
7.97]) for SBP and —0.05 mmHg (95%CI [-1.98, 1.88]; P=
0.96; 1= 53%, 95%PI [-5.10, 5.00]) for DBP. Sensitivity
analyses indicated that removing the study by Ameur et al.
[42] eliminated heterogeneity without altering the statistical
significance of the results. In the analysis of resting heart
rate from 3 studies [45, 49, 50] involving 125 participants
(Fig. 7). It was observed that the combined strategy may
result in a lower resting heart rate (MD —2.68 bpm; 95%CI
[-4.71, —0.64]; P= 0.01; I*= 0%, 95%PI [-7.14, 1.79])
with low certainty of evidence. VO, ., was analyzed from
4 studies [47, 48, 50, 51], including a total of 136 partici-
pants (Fig. 8). It was observed that the combined strategy
showed higher VO, ... (MD 1.80 ml/kg/min; 95%CI [0.12,
3.48]; P=0.036; I*= 65%, 95%PI [—2.56, 6.15]) with very
low certainty of evidence when compared to the IF alone.
Upon performing sensitivity analysis, the exclusion of the
trial conducted by Keawtep et al. [51] had no impact on the
significance of the findings; however, it eliminated hetero-
geneity, reducing the I value to 0%.

Experimental Control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Ameur et al., 2024 20 -58.01 16.71 20 -42.54 2548 -15.47 [-28.82; -211] 154%
Bhutani et al., 2013a 16 -16.00 2322 16 -1.00 19.02 -15.00 [-29.71; -0.29] 14.4%
Choetal, 2019 9 17.80 26.70 8 0.00 28.00 i—r—+— 17.80 [-8.29; 4389] 8.1%
Cooke et al., 2022 11 -3.87 1895 8 -3.87 2668 — 0.00 [-21.62; 2162] 10.2%
Ezpeleta et al,, 2023 20 -388 1928 19 254 18.81 —ia 642 [-18.38; 554] 164%
Haganes et al., 2022 26 -387 1469 26 387 1469 = 7173 [-15.72; 0.25] 19.3%
Maaloul et al., 2023 10 -3867 1276 10 -7.73 1469 ——— -30.94 [-43.00;-18.87] 16.3%
Random effects model 112 107 i -10.67 [-20.00; -1.35] 100.0%
Prediction interval : 1 l ] [-37.87; 16.53]

Heterogeneity: /% = 66.7%, t° = 100.9311, p = 0.0062

-40  -20 0 20 40

Fig.6 Meta-analysis of IF +EX vs. IF alone on low-density lipoprotein cholesterol. (MD)
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Experimental Control
Study Total Mean SD Total Mean SD
Bhutani et al., 2013a 16 200 438 16 000 438
Ezpeleta et al., 2023 20 -378 10.10 19 -0.87 10.04
Haganes et al., 2022 26 -240 639 28 090 485
Random effects model 62 63

Prediction interval
Heterogeneity: /° = 0.0%, Y] p =0.8364

Fig. 7 Meta-analysis of IF + EX vs. IF alone on resting heart rate. (MD)

96
87
97
84
89

Experimental Control
Study Total Mean SD Total Mean SD
Choetal, 2019 9 3.30 360 8 140 3.
Cooke et al., 2022 8wk 6 320 579 4 053 2
Cooke et al., 2022 16wk 6 499 613 4 230 2
Haganes et al., 2022 26 330 307 27 0.30 2
Keawtep et al., 2024 23 088 136 23 059 0.
Random effects model 70 66

Prediction interval
Heterogeneity: I = 65.2%, 1~ = 1.7284, p = 0.0217

Fig.8 Meta-analysis of IF +EX vs. IF alone on VO, ... (MD)

The Effects of IF + EX Versus IF Alone on Leptin,
Adiponectin

In terms of leptin, the combined strategy showed a lower
concentration (MD —13.76 ng/ml; 95%CI [-25.76, —1.76];
P=0.02; I>= 47%, 95%PI [—129.39, 101.87]) when com-
pared to the IF alone with low certainty of evidence in 2
studies [46, 50] involving 82 participants (Figure S11). In
the analysis of adiponectin levels from three studies [46, 50,
51] comprising 126 participants (Figure S12), the evidence
indicated low certainty and showed no significant difference
between the combined intervention and IF alone (SMD 0.35;
95%CI [0.00, 0.70]; P= 0.05; I*= 0%, 95%PI [—0.42, 1.13]).

Subgroup Analysis

Detailed results of the subgroup analysis are provided in
Supplementary Table S2, which presents SMD/MD with
corresponding 95% Cls for each subgroup separately. Sig-
nificant group differences were observed in fasting glucose
(based on the participant age and sex), LDL (based on the
participant sex and IF type), TG (based on the participant
age and sex, IF type and EX type) and VO, ., (based on the

Mean Difference MD 95%-Cl Weight
_am 200 [-5.04; 1.04] 449%
: 291 [923; 341] 10.4%
—i— 330 [-6.34;-026] 44.7%
< -2.68 [-4.71; -0.64] 100.0%
[-7.14; 1.79]
I E—
5 0 5
Mean Difference MD 95%-Cl Weight
—t— 190 [-1.71:551] 14.3%
; 373 [[169;9.15] 7.8%
; 269 [-3.01;839] 7.2%
il 3.00 [1.41;459] 30.8%
L B 0.29 [-0.37;095] 39.9%
e 1.80 [0.12; 3.48] 100.0%
— [_2.56; 6.15]
I
5 0 5

participant age, intervention duration, and EX type), while
the other outcomes did not observe any subgroup difference.

Risk of Bias

The ROB 2 tool was used to assess the risk of bias in
each study included. A summary of the overall assess-
ments for all five domains of bias is presented in Table 2.
Risk of bias assessment revealed that three studies [45,
46, 52] were categorized as high risk, whereas nine stud-
ies [42-44, 47-51, 53] presented some concerns. Among
studies classified as having some concerns, all were miss-
ing details regarding deviations from intended interven-
tions. Additionally, six studies [42—44, 47, 48, 51] did
not adequately describe allocation concealment within
the randomization process domain. Furthermore, one
study [48] did not report the measurement of outcomes,
and another study [42] lacked sufficient information con-
cerning the selection of reported results. Among the stud-
ies with a high risk of bias, two [45, 46] had significant
baseline differences between the intervention and control
groups, together with randomization issues, and the third
[52] lacked baseline information and a randomization
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Table 2 Risk of bias assessment

Study

Randomization process Deviations from the
intended interven-

tions

Missing outcome data

Measurement
of the outcome

Selection of
the reported
result

Overall Bias

Ameur et al., 2024
Batitucci et al., 2022
Batitucci et al., 2024
Bhutani et al., 2013a
Bhutani et al., 2013b
Cho et al., 2019
Cooke et al., 2022
Ezpeleta et al., 2023
Haganes et al., 2022
Keawtep et al., 2024
Maaloul et al., 2022

Some concerns
Some concerns
Some concerns
High
High
Some concerns
Some concerns
Low
Low
Some concerns
High

Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns

Some concerns

Low Low Some concerns Some concerns
Low Low Low Some concerns
Low Low Low Some concerns
Low Low Some concerns High

Some concerns Low Some concerns High

Low Low Low Some concerns
Low Some concerns Low Some concerns
Low Low Low Some concerns
Low Low Low Some concerns
Low Low Low Some concerns
Low Low Some concerns High

Low Low Low Some concerns

Ohetal., 2018 Low

process. The three studies identified as having a high risk
of bias [45, 46, 52] also raised some concerns regarding
the domains of deviations from the intended interven-
tion, missing outcome data, and selection of the reported
results. More specific assessment justification can be found
in Table S3.

Certainty of Evidence

The GRADE approach was utilized to evaluate the overall
certainty of evidence, and the detailed assessment is summa-
rized in Table S4. Among the 19 outcomes analyzed, the cer-
tainty of evidence was downgraded to moderate for fat mass.
The certainty for BMI, WC, visceral fat, insulin, HOMA-IR,
resting heart rate, leptin, and adiponectin were downgraded
to low. Body mass, fat-free mass, fasting glucose, SBP, DBP,
TC, TG, HDL, LDL, and VO, ,,,, were downgraded to very
low certainty of evidence.

Assessment of Study Quality and Reporting
in Exercise

The quality of the included studies was evaluated using the
TESTEX scale. A summary of the assessments across the
twelve domains is provided in Table S5. Of the 12 included
studies, nine were rated as good quality [42—47, 50, 52, 53],
two as high quality [49, 51], and one as low quality [48].

Publication Bias
We conducted a publication bias assessment to determine the
potential impact of selective reporting on the findings of our

meta-analysis. This assessment was specifically performed
for body mass and fat mass outcomes, as these variables

@ Springer

fulfilled the minimum criterion of having at least ten studies
included (Table S6). Egger’s linear regression test was used
to assess funnel plot asymmetry as an indicator of the risk of
publication bias. The results indicated no significant risk of
publication bias for fat mass (P =0.06), but suggested a risk
of publication bias for body mass (P =0.0023).

Discussion

This systematic review and meta-analysis investigated
whether combining IF with exercise provides additional
benefits on cardiometabolic health and body composition
in adults with overweight/obesity. Our findings demonstrate
significant improvements in CRF, body composition, and
specific metabolic parameters when exercise is added to IF.

Previous systematic reviews and meta-analyses have con-
sistently demonstrated weight loss following IF in adults
with overweight/obesity [54]. However, this current study
represents the first known investigation quantitatively assess-
ing the additional effects of exercise on body composition
in this population. The findings of this study indicate that
incorporating exercise alongside IF resulted in significantly
favorable effects on body composition rather than solely pro-
moting weight loss. Specifically, significant reductions were
observed in fat mass (P =0.01), and WC (P <0.001), while
no significant changes were noted in body mass (P =0.67),
BMI (P =0.21), and fat-free mass (P =0.20). In our study,
while total body mass reduction was comparable between
the IF-only and combined intervention groups, the combined
group exhibited significantly greater fat mass reduction. A
recent network meta-analysis showed that combining ADF
with moderate-intensity continuous training achieved the
greatest weight and fat mass reductions, followed by ADF
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with exercise and the 5:2 diet with exercise among all IF
and/or exercise interventions [32]. These findings indicate
that while IF primarily drives overall weight loss, exercise
plays a distinct role in optimizing body composition through
targeted fat mass reduction. Prior research has highlighted
the influences of training modalities during energy intake
restriction on fat-mass loss [55], indicating that endurance
exercise serves as a key predictor of fat-mass reduction in
interventional studies. While resistance training during
dietary restriction may not independently enhance fat-mass
loss, it contributes to improved body composition through
increases in fat-free mass. In our current meta-analysis, we
examined various exercise modalities, including continuous
training [45, 46, 49], concurrent training [47, 51-53], and
high-intensity interval [43, 44, 48, 50]/functional [42] train-
ing. Despite conducting subgroup analyses, we observed no
significant differences in weight management outcomes
among exercise types when combined with IF, possibly due
to the heterogeneity of existing protocols and limited avail-
able data. Therefore, well-designed RCTs are needed to elu-
cidate the optimal combination of IF and specific exercise
modalities. Further research is needed to establish optimal
combinations of IF and exercise modalities for enhancing
body composition and maintaining long-term weight man-
agement in individuals with overweight/obesity.

Various IF regimens have shown promise in reducing fast-
ing insulin, insulin resistance, and HbAIc levels in healthy
individuals with obesity and prediabetes [56]. IF diets also
have certain therapeutic effects on blood glucose in patients
with metabolic syndrome and significantly improve insulin
resistance [14]. In adults with overweight/obesity, substan-
tial evidence supports that exercise enhances glycemic con-
trol by boosting insulin sensitivity and glucose uptake in
muscles [57]. Physical activity induces muscle contractions
that prompt glucose transporters (GLUT4) to translocate
to the cell surface, facilitating insulin-independent glucose
entry [58]. Furthermore, exercise activates AMP-activated
protein kinase (AMPK), a key enzyme that enhances insulin
signaling and mitochondrial function, collectively improving
the body's capacity to regulate blood sugar levels and reduce
insulin resistance [59]. The findings of the meta-analysis
indicate that incorporating exercise alongside IF could lead
to reductions in HOMA-IR (-0.57 [95% CI: —0.83; —0.31],
P=P< 0.001) and insulin levels (—3.1 uIU/ml [95% CI:
—4.25; —1.95], P< 0.001). Although our meta-analysis
showed no statistically significant differences in fasting
glucose between the combined group versus IF alone, sub-
group analyses revealed differential responses based on
age and sex, highlighting the importance of considering
these demographic factors when tailoring combined IF and
exercise interventions. The combined intervention showed
a larger reduction in LDL levels, consistent with evidence
showing that exercise improves lipid profiles through LDL

reduction and HDL increase [24]. Although our meta-anal-
ysis did not demonstrate statistically significant improve-
ments in HDL, several individual studies reported greater
HDL increases in the combined group [42, 45, 52, 53], the
synergistic effect of combining IF with exercise appears to
enhance lipid metabolism more effectively than IF alone,
possibly through increased lipolysis and fat oxidation dur-
ing fasting periods coupled with exercise-induced metabolic
adaptations [60]. These findings suggest the need for larger-
scale, well-designed RCTs to better elucidate the mecha-
nisms underlying these potential beneficial effects on lipid
metabolism in individuals with overweight/obesity.

CRF improvements were evident through increased
VO, ...« and reduced resting heart rate in the combined
group. Our qualitative synthesis indicated that the addi-
tion of exercise to IF leads to a lower resting heart rate
(—2.68 bpm [95%CI: —4.71; —0.64], P= 0.01) and an ele-
vation VO, ... (1.80 ml/kg/min [95%CI: 0.12; 3.48], P=
0.036). While IF alone may maintain CRF in healthy adults
[61], however, its impact on individuals with overweight/
obesity remains ambiguous. Our findings indicate that exer-
cise is necessary for enhancing this parameter during weight
loss [62]. Exercise remains a key intervention for improving
CREF, as supported by numerous meta-analyses across dif-
ferent populations and exercise types [63—-65]. Low CRF
levels are strongly associated with increased risk of cardio-
vascular disease, and all-cause mortality [28, 66]. Notably,
higher CRF levels can help protect against obesity-related
cardiovascular complications [62], highlighting the clinical
significance of incorporating exercise into weight manage-
ment programs.

No prior systematic review and meta-analysis have specif-
ically evaluated the additional effect of incorporating exer-
cise to IF on body composition and cardiometabolic health
in adults with overweight/obesity. Our work highlights the
relevance of combining exercise into IF intervention as an
effective strategy to enhance body composition and cardio-
metabolic health in individuals with overweight/obesity.
However, several limitations should be considered. The
included studies used different exercise types and IF proto-
cols, potentially affecting result interpretation. Furthermore,
limiting our meta-analysis to English-language publications
may have introduced bias by excluding relevant studies pub-
lished in other languages. Also, it should be noted that the
included studies are from around the globe, encompassing
six continents and various ethnicities. The studies'relatively
narrow age range limits applicability to middle-aged and
older adults. Additionally, the limited number of available
studies and the wide prediction intervals for some outcomes
(fat mass, LDL, and cardiorespiratory fitness) necessitates
further research to strengthen these findings. Future research
should examine the effectiveness of different exercise
modalities and fasting protocols across diverse populations.

@ Springer



54 Page 12 of 15

Current Obesity Reports (2025) 14:54

Large-scale RCTs are needed to identify optimal combina-
tions of exercise modality and dietary approach for improv-
ing weight management and cardiometabolic health in indi-
viduals with overweight/obesity.

Conclusion

In conclusion, integrating exercise into IF regimens may
provide holistic health benefits beyond weight manage-
ment alone, including improved glycemic control, and
cardiovascular fitness. While these results are promising,
more research is needed to confirm these findings and
establish optimal intervention protocols. This meta-anal-
ysis provides valuable insights for healthcare practition-
ers in designing lifestyle interventions that combine both
dietary and exercise strategies to optimize health outcomes
in individuals with overweight/obesity.
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