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ABSTRACT

Background and aim: Intermittent fasting (IF) has been demonstrated to enhance human health through several
mechanisms. However, it is still unclear whether those health benefits are independent of caloric restriction (CR)-
induced weight loss. This systematic review and meta-analysis aimed to compare isocaloric IF and CR regarding
anthropometric measurements, adherence, metabolic profile, inflammatory biomarkers, and adipokines in adults
and elderlies.

Methods and results: Comprehensive research was conducted usin four major databases including Embase,
PubMed, Scopus, and Google Scholar without date restriction. Mean differences of the change from baseline +
change SD were calculated as the differences between IF and CR groups. Subgroup analysis was performed ac-
cording to intervention duration (short-, medium-, and long-term). To determine the reliability of our findings,
GRADE assessment was performed. As a result, 20 RCTs were included in this systematic review and meta-
analysis. IF groups had significant reductions in fat mass (kg) (P = 0.006) and Interleukin-6 (P < 0.00001) in
the short term and fat mass (%) (P = 0.0002), waist circumference (P = 0.005), fasting blood insulin (P <
0.00001) and HOMA-IR (P = 0.04) in the long term. CR groups had significantly lower hunger (P = 0.003),
fatigue (P = 0.04), and TG (P = 0.03).

Conclusions: IF may be an effective alternative to CR but is not superior to CR in enhancing human health. Due to
the low number of long-term studies, future studies should focus on conducting longitudinal randomized trials
comparing IF and CR in different populations, age groups, and IF patterns.

1. Introduction

restricting calorie intake on the remaining two days. On the other hand,
CR typically involves reducing daily calorie intake by a certain per-

Intermittent fasting (IF) has gained significant attention in recent
years owing to its potential health benefits, while caloric restriction (CR)
is a well-established dieting regime. IF involves alternating periods of
eating and fasting, while CR focuses on reducing overall daily calorie
intake. Both approaches have been extensively studied in relation to
their effects on metabolic health, aging, and disease prevention [1-3]. In
the context of IF, various methods exist, such as the 16/8 method, which
involves fasting for 16 h and eating within an 8-h window, or the 5:2
method, which entails eating normally for five days a week and

centage, often around 20-40 % of the usual consumption [4,5].

Research on IF and CR has shown promising results in terms of
improving metabolic markers, reducing inflammation, and promoting
weight loss. Furthermore, both approaches have been associated with
potential benefits in cardiovascular health, insulin sensitivity, and
longevity. In this systematic review, we endeavored to elucidate
whether IF is superior to CR in terms of weight loss and various health
biomarkers [6].

Although both interventions are effective weight-loss strategies, it
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has become clear that no single dietary approach produces weight-loss
in the general population [7]. The best weight-loss approach is that to
which an individual can adhere the most [8,9]. Although adherence
measurements in these studies are challenging, several factors can in-
fluence individual adherence to a dietary strategy, including adverse
events and appetite. Assuming that both strategies provide similar
weight-loss and health benefits when calories are equated, the strategy
will be determined by these factors.

The efficacy of IF and CR in anthropometric measurements and
metabolic profiles has been compared in several systematic reviews and
meta-analyses. Some studies have concluded that IF is superior to CR in
reducing body mass index (BMI), body weight (BW), fat mass (FM),
fasting blood glucose (FBG), and Homeostasis Model Assessment for
Insulin Resistance (HOMA-IR) [10,11]. Pascual et al. conducted a study
that is similar to ours in the general concept, regardless of minor dif-
ferences in the methodology. The study reported comparable results
among groups, with a higher efficacy on weight-loss in the ADF group
[12]. However, one of the most important flaws of these studies was that
they did not consider total caloric intake between the IF and CR groups,
which is the core of weight-loss and metabolic changes. Although other
studies did not find any significant difference, they still did not consider
calories as a powerful influencing factor [13].

Furthermore, a study in mice investigated the effects of CR with and
without IF. Although there were no differences in most parameters,
significant improvements in glucose and insulin homeostasis were
observed [14]. Recently, a systematic review of overweight and obese
subjects, which was exclusive to the inclusion criteria for IF + CR versus
CR, found no difference between the two strategies [15]. However, due
to a lack of statistical analysis, it is still unclear whether IF produces
additional health benefits through CR-independent mechanisms. More-
over, the level of adherence among individuals in these groups when the
CR is equal has not yet been assessed. Therefore, the objective of our
study was to evaluate the effectiveness of the intervention that combines
an IF with CR versus CR alone on anthropometric measurements,
adherence factors, metabolic profile, and inflammatory markers over a
period of 3-12 months, while ensuring that both groups consumed an
equal number of calories per week. To facilitate more robust conclu-
sions, we plan to employ quantitative analysis techniques, such as
meta-analysis.

2. Methods

We performed a meta-analysis based on the guidelines of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [16]. The study protocol was registered in PROSPERO with
ID: CRD42024522279.

2.1. Search strategy

A search of online databases including PubMed, Embase, Scopus, and
Google Scholar was conducted up to the cut-off date of 12-2-2024 by two
independent authors (A.F and Y.R). The search was repeated on 2-5-
2024 to include recently published relative articles. We systematically
searched the literature to identify randomized clinical trials that
assessed the effect of IF 4 CR versus CR. We used these key words in our
search (Fasting OR intermittent fasting OR intermittent calorie restric-
tion OR intermittent energy restriction OR alternate-day fasting OR
time-restricted feeding OR time-restricted eating OR 5:2 diet OR 12:8
diet OR 4:3 diet OR calories restriction AND body mass index OR BMI
OR weight OR blood glucose OR blood insulin OR HbAlc OR blood
pressure OR cholesterol OR triglyceride OR LDL OR VLDL OR HDL OR
inflammation OR inflammatory marker OR pro-inflammatory OR anti-
inflammatory OR cytokine OR ghrelin OR glucagon-like peptide OR
glp OR leptin OR hunger OR fullness OR appetite OR adhere* OR quality
of life OR compliance AND chronic disease OR overweight OR obese OR
obesity OR normal weight OR cardiovascular disease OR CVD OR
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diabetes OR diabetic OR cancer OR healthy OR insulin resistant OR
insulin resistance AND Isocaloric OR equal calories OR calorie equiva-
lent OR equal energy).

2.2. Inclusion criteria

The eligibility criteria of this study were precisely determined to
answer the following question: does IF provide sustainable health ben-
efits independent of CR-induced weight-loss in adults and elderlies? In
order to answer this question, the included trials had to be similar in all
dietary factors but differ in eating windows. Therefore, intervention and
control had to have an equal energy restriction percentage or equal
amount of consumed calories weekly (Isocaloric) as illustrated simply in
(Fig. 1).

The current meta-analysis followed the PICO (Population, Inter-
vention, Outcomes) guidelines to ensure comprehensive and systemic
inclusion and exclusion criteria (Supplementary Table 1). Briefly, the
inclusion criteria involved selecting peer-reviewed, English-language,
randomized clinical trials with a duration of 3-12 months, which
included adult participants undergoing a weight loss strategy that
combined IF and CR without emphasizing anthropometric measure-
ments. All types of IF, such as alternative day fasting (ADF), time-
restricted eating (TRE), and the 5:2 diet, combined with CR, were
included in the study, provided that both the intervention and control
groups follow an isocaloric diet during the study.

The exclusion criteria for this meta-analysis encompassed non-
randomized clinical trials, as well as review articles, observational
studies, and in vivo or in vitro studies. Non-peer-reviewed articles, ar-
ticles published in foreign languages, and studies with a duration of less
than 3 months were also excluded from the analysis. Additionally,
studies involving participants who were not aiming for weight loss with
IF, those younger than 18 years old, IF not combined with CR, and
studies where there were considerable differences in the amount of CR
between the intervention and control groups were excluded from this
meta-analysis.

2.3. Data extraction

After the selection process of articles, with regard to the inclusion
and exclusion criteria, the following information (first author’s last
name, publication year, study location, sample size, age, population BMI
and health condition, intervention and amount of calorie restriction,
control and amount of calorie restriction, intervention duration, and

Control
Calorie restriction

Intervention

Intermittent fasting

Y ADF
$ &5

Feast (3 or 4 days/

O

Fast (1216 h)
Feast (12-8 h)

| |

/

Feast (5 days/week) Fast (2 days/week)

.

22

!
Isocaloric

Fig. 1. This figure summarizes the different dietary patterns included in the
study examining the evaluate the sustainable health benefits of intermittent
fasting (IF) independent of calorie restriction (CR)-induced weight loss in adults
and elderlies. The trials included had similar dietary factors but varied in
eating windows.
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method of energy intake measurement) were extracted by two inde-
pendent authors (M.H and W.S) from the articles and listed in
(Supplementary Table 2). Adherence-related information was collected
and reported in (Supplementary Table 3).

2.4. Quality assessment

Quality assessment was performed by two independent authors (M.H
and W.S), any disagreement between the authors was solved by third
author (Y.R). The quality of the included studies was evaluated using the
Cochrane Collaboration tool. This tool includes the following key parts:
random sequence generation, allocation concealment, blinding,
incomplete outcome data, and selective reporting. Each item was cate-
gorized as having low, unclear, or high risk of bias. Accordingly, studies
with more than two items of low risk were categorized as studies with
good quality, studies with two items of low risk were considered studies
with fair quality, and those with fewer than two items were considered
studies with low risk of bias [17].

2.5. Certainty of evidence

The strength of the overall body of evidence was assessed for primary
outcomes including BW, BMI, FM (kg), LBM (kg), adherence, adverse
events, and hunger, and secondary outcomes including FBG, FBI,
HOMA-IR, TG, TC, HDL, and LDL using Grading of Recommendations
Assessment, Development, and Evaluation (Grade) methodology [18].

2.6. Statistical analysis

The present meta-analysis was performed using the Cochrane Pro-
gram Review Manager Version 5.4. Variables assessed in three or more
studies were included. In this regard, net changes in the mean + SD of
BW, BMI, FM (kg), FM (%), lean body mass (kg) (LBM), waist circum-
stance (WC), hip circumstance (HC), hunger, dropouts, adverse events,
(FBG), fasting blood insulin (FBI), hemoglobin Alc (Hbalc) (%), HOMA-
IR, triglyceride (TG), total cholesterol (TC), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), C-reactive protein (CRP), leptin,
adiponectin, and insulin-like growth factor-1 (IGF-1) were assessed.
Adherence outcome was not able to be included in the meta-analysis.
Alternatively, relative information was reported narratively in
(Supplementary Table 3). If adherence was measured in the original
article, we reported the adherence results according to the study
adherence successful criteria. Dropouts of the studies were reported as
another adherence indirect indicator. Funnel plots were performed to
assess publication bias in variables that were assessed in 10 studies at
least [19].

Subgroup analysis was performed in all variables based on the
duration of the intervention, which included baseline to 3 months,
baseline to 4-6 months, and baseline to 10-12 months. Sensitivity
analysis was performed by keeping one type of IF in each time (e.g. TRE,
ADF, or 5:2).

In any case, reporting the standard error of the mean (SEM), standard
deviation (SD) was calculated using the following formula: SD = SEM x
sqrt (n), where n refers to the number of participants. If change of SD
was not given, SDs of mean differences were calculated by using SD =
square root [(SD pre-treatment)2 +(SD posttreatment)2 — (2R x SD pre-
treatment x SD post-treatment)], where the correlation coefficient (R)
was assumed to be 0.9 [20]. If the upper and lower limits were given
with the mean, the SD was calculated using this formula: SD = /n x
(upper limit — lower limit) /3.92. If the median with upper and lower
limits was given, the estimation was based on the method described here
[21]. In order to apply mean difference in forest plots, units were con-
verted into one measurement by using appropriate equations, when
applicable. The random-effects model was applied for pooling analysis
to compensate for the heterogeneity of the studies [22,23]. Interstudy
heterogeneity was explored quantitatively using Cochran’s Q and I?
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statistics. I* < 50 % and >75 % indicated substantial and considerable
heterogeneity, respectively [20]. P-values were considered statistically
significant at < 0.05.

3. Results
3.1. Literature selection

A total of 1532 citations were obtained from the initial search
(Supplementary Fig. 1). All randomized controlled studies comparing
isocaloric IF and CR were included in this research. 812 articles
remained after excluding duplicates. 769 articles were excluded by the
title or abstract. 43 articles were eligible for inclusion in the systematic
review and meta-analysis. Of the 43 studies of interest, 23 were excluded
for different reasons (Supplementary Fig. 1). The remaining 20 studies
were included in the qualitative and quantitative analysis. Characteris-
tics of the included studies are provided in (Supplementary Table 2).

3.2. Studies’ characteristics

A total of 20 studies were included in this systematic review and
meta-analysis [24-43]. These studies included a total of (1785) partic-
ipants with an age range of 18-75. The type of fasting varied among the
studies, the 5:2 diet was in 9 of them [27,29,30,33,37,39,42], ADF was
in 4 of them [25,32,36,38], and TRE was in 7 of them [24,26,28,31,34,
35,43]. The fasting period in TRE studies varied between 12 and 16 h.
Studies were conducted in various locations, 6 studies in Australia [27,
30,37,38,40,41], 2 studies in UK [39,42], 3 studies in Norway [25,29,
36], 1 study in Germany [33], 3 studies in USA [31,32,43], 1 study in
Brazil [35], 2 studies in China [24,34], 1 study in England [31], and 1
study in Turkey [26]. The duration of trials’ interventions ranged from 3
months to 1 year without follow-up periods. Data of follow-ups aiming
at weight loss, but not weight maintenance, was included in the study.
Four studies included participants with BMI lower than 24.9 [37,39,41,
42]. All the studies included participants who were overweight and
obese. Two studies included patients with type 2 diabetes (T2D) [30,43],
one study was on women with gestational diabetes [40], one study was
on patients with non-alcoholic fatty liver disease [34], one study was on
patients with metabolic syndrome [26], and two studies included pa-
tients at risk of T2D [38,43]. Four studies were exclusive to women [35,
39,40,42]. BW was assessed in 16 studies [24-31,33-35,37,39,40,42,
43], BMI was assessed in 9 studies [24,26,27,29,30,34,35,37,40], FM
(kg) was assessed in 11 studies [24-28,30,31,34,37,39,42], FM (%) was
assessed in 7 studies [24-26,34,35,37,42], LBM (kg) was assessed in 11
studies [24-28,30,31,34,37,39,42], WC was assessed in 9 studies [24,
29,31,33-35,39,42,43], HC was assessed in 3 studies [29,39,42], FBG
was assessed in 14 studies [24,26,27,29,31,33,34,36,38-43], FBI was
assessed in 9 studies [26,31,33,38-43], Hbalc (%) was reported in 7
studies [26,29-31,34,38,40], HOMA-IR was assessed in 10 studies [24,
26,31,34,36,39-43], TG, TC, and HDL were assessed in 13 studies [24,
26,27,29,31,33,34,36,38,39,41-43], CRP was assessed in 5 studies [29,
33,38,41,42], leptin was assessed in 4 studies [33,36,39,42], adipo-
nectin was assessed in 3 studies [36,39,42], IGF-1 was assessed in 3
studies [33,39,42], adherence was reported in 6 studies [24,28,31,34,
39,42], hunger was assessed in 4 studies [28,29,39,41], and adverse
events were reported in 5 studies [24,29,34,38,39].

3.3. Risk of bias assessment

Risk of bias assessment was performed in all the included studies.
The assessment revealed that none of the studies were at low risk of bias
(high quality), 10 of the studies were at moderate risk of bias (moderate
quality), and 11 of the studies were at high risk of bias (low quality). The
detailed results of each item are presented in (Supplementary Fig. 2).
Risk of bias summary is shown in (Supplementary Fig. 3).
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3.4. Effect of IF + CR vs CR on anthropometric measurements

In the period of baseline to 3 months, no significant differences were
observed in BW, BMI, LBM, FM (%), WC, and HC between the two
groups, as shown in (Figs. 2-5). The intervention group experienced a
significant reduction in FM (kg) (MD = —0.96 kg, 95 % CL: —1.65,
—0.27, P = 0.006), as shown in (Fig. 4). However, the impact of IF + CR
vs CR on anthropometric measurements in the period of baseline to 4-6
months revealed no significant differences in any variable between the
intervention and control groups, as illustrated in the baseline to 4-6
months analysis. Lastly, in the period of baseline to 10-12 months, a
significant reduction in FM (%) (MD = —1.51 %, 95 % CI: —2.29, —0.73,
P = 0.0002) and WC (MD = —1.96 cm, 95 % CLI: —3.34, —0.59, P =
0.005) was observed in the intervention group, while the results of BW,
BMI, LBM WC and HC were not significant between the two groups.

3.5. Effect of IF + CR vs CR on adherence, hunger, adverse events, and
dropouts

Seven studies were analyzed, with two following the 5:2 diet, three
following the 16:8 TRE regimen, and two following the 14:10 TRE
regimen. Adherence rates were higher in the 5:2 diet group at 3 and 6
months than in the control group. Meanwhile, participants following
16:8 TRE had higher adherence rates at 3, 6, and 12 months. In contrast,
the 14:10 TRE group had lower adherence rates than did the control
group (Supplementary Table 3). Regarding hunger levels, four studies
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used the visual analogue scale (VAS). The results indicated that hunger
levels were significantly lower in the CR group (standardized mean
difference [SMD] = —0.37, 95 % confidence interval [CI]: 0.12, 0.62, P
= 0.003). Quality-of-life was assessed by recording the occurrence of
side effects reported by the participants. There was a significant
reduction in fatigue (odds ratio [OR] = 1.79, 95 % CIL: 1.03, 3.09, P =
0.04) and total events of side effects in the control group compared to
the intervention group (OR = 1.51, 95 % CI: 1.14, 2, P = 0.004) as
shown in (Supplementary Fig. 4). Finally, there was no significant dif-
ference in the number of dropouts at any time point (Supplementary
Fig. 5).

3.6. Effect of IF + CR vs CR on metabolic profile

Over the period of baseline to 3 months, no differences were
observed in any variables, including FBG, FBI, HOMA-IR, Hbalc, TG,
TC, LDL, and HDL, as depicted in (Supplementary Figs. 6-9). In the
period of baseline to 4-6 months, the intervention group exhibited a
significant reduction in FBI (mean difference [MD] = —0.83 pIU/mL, 95
% confidence interval [CI]: —1.59, —0.07, P = 0.03), as shown in
(Supplementary Fig. 6), but no other differences were observed between
the groups. Over the period of baseline to 10-12 months, both FBI and
HOMA-IR demonstrated significant reductions in the intervention group
(MD = —1.07 pIU/mL, 95 % CI: —1.48, —0.66, P < 0.00001) and (MD =
—0.57,95 % CI: —1.10, —0.03, P = 0.04) (Supplementary Figs. 6 and 7),
respectively. In contrast, TG were significantly lower in the CR group

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Baseline to 3 months
Coutinha et al, 2018 -13.9 594 14 -118 &7 14 0.8% -2.10F6.41,2.21]
Gray etal., 2021 -42 2328 32 -38 248 30 114% -0.40[-1.59, 0.79] — &
Harvie etal., 2010 -4.1 6 42 -3 79 47 1.49% -1.10[4.00,1.80] —
Harvie etal., 2013 -5 6.29 7 37 T4 40 1.7% -1.30[4.36, 1.76] —
Jamshed etal., 2022 -6.3 3.68 45 -4 366 45 6.8% -2.30[3.81,-0.79]
Keenan et al., 2022 (F) -24 305 g -2 312 4 1.8% -0.40[3.34, 2.54] —
Keenan etal,, 2022 (M) -4.7 253 9 -63 167 8 38% 1.60[0.42 3.62] 7
Kunduract & Ozhek, 2020 -8.27 458 32 58 373 33 38% -247[-4.50,-0.44] = %
Maruthur et al, 2024 -2.3 208 21 28 1.7 20 116% 0.30[-0.86, 1.46] — 1%
Schibel etal, 2018 -6.2 T 48 -52 684 49 21% -1.00[-3.74,1.74] —
Sundfar et al., 2018 =71 37 54 -74 38 58 81%  0.30[F1.09,1.69] =
Thomas etal., 2022 -44 28 24 -36 33 23 54% -0.80[2.50, 090 ——
Subtotal (95% CI) 367 376 58.9% -0.52[-1.03,-0.00] &
Heterogeneity: Chi*=17.54 df=11 (P =0.09); F=37%
Test for overall effect: Z=1.97 (P =0.05)
1.1.2 Baseline to 4 - 6 months
Harvie etal., 2010 -5.7 614 42 -45 187 47 1.8% -1.20[4.12,1.73] —
Liu et al., 2022 -94 561 63 -85 561 70 445% -050F2.371.37] — &
Sundfar et al., 2018 -9.1 L 54 -84 53 48 43% 030[1.81,2.21] — =
Weietal, 2023 -9.8 632 45 -ar B 43 24% -0D10[2.67, 2.47] S
Subtotal (95% CI) 210 218 13.0% -0.26[-1.36, 0.84] -‘-
Heterogeneity ChiF=081,df=3 (P=085); F=0%
Test for overall effect: Z=0.47 (P = 0.64)
1.1.3 Baseline to 10 - 12 months
Carteretal, 2018 -6.8 6.69 70 -5 654 67 32% -1.80[4.02042 ~
De Oliveira Maranhdo Pureza etal, 2021 0.58 6.45 31 -0.52 458 27 1.9% -0.06[2.92 2.80]
Gray et al,, 2021 -47 223 32 6.3 247 30 11.3% 1.60([043,277] —
Headland etal., 2018 -5 49 43 -G8 61 53 34% 1.60[-0.54,3.74] 1
Liuetal, 2022 -8 6.19 63 -6.3 6 70 38% -1.70[3.73,033] B
Thamas etal., 2022 -48 43 30 43 53 30 2.21% -0.60[-3.28 2.08] —
Weletal, 2023 -84 6.49 45  -7T8 647 43 12% -0.60[3.25, 2.08] —
Subtotal (95% CI) 326 320 28.1% 0.31]-0.44, 1.05] *
Heterogeneity: Chi*=14.26 df=6 (P = 0.03); F=58%
Testfor overall effect Z=081 (P=042)
Total (95% CI) 903 914 100.0% -0.25[-0.65, 0.14] q
Heterogeneity: Chi®=35.79, df= 22 (P=0.03); F= 39% _‘r4 _52 1 % i
Test for overall effect: Z=1.25 (P=0.21) IF+CR CR

Test for subaroup differences: Chi*= 319, df= 2 (P=0.200, F= 37.3%

Fig. 2. Meta-analysis of change-from-baseline weight (kg). The forest plot shows effect estimates (green blocks) and 95 % confidence intervals (horizontal lines) for
each RCT. Larger green blocks indicate a larger weight has been assigned to that RCT. Left of the 0 line shows a finding in favor of intermittent fasting (IF) in-
terventions, whereas right of the 0 line shows a finding in favor of continuous energy restriction (CER) interventions. The diamond at the base of the plot dem-
onstrates the pooled effect estimates and confidence intervals from RCTs included in the meta-analysis. (For interpretation of the references to colour in this figure

legend, the reader is referred to the Web version of this article.)
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Fig. 3. Meta-analysis of change-from-baseline BMI and LBM (kg). The forest plot shows effect estimates (green blocks) and 95 % confidence intervals (horizontal
lines) for each RCT. Larger green blocks indicate a larger weight has been assigned to that RCT. Left of the 0 line shows a finding in favor of intermittent fasting (IF)
interventions, whereas right of the 0 line shows a finding in favor of continuous energy restriction (CER) interventions. The diamond at the base of the plot
demonstrates the pooled effect estimates and confidence intervals from RCTs included in the meta-analysis. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)
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Fig. 4. Meta-analysis of change-from-baseline FM (kg) and FM (%). The forest plot shows effect estimates (green blocks) and 95 % confidence intervals (horizontal
lines) for each RCT. Larger green blocks indicate a larger weight has been assigned to that RCT. Left of the 0 line shows a finding in favor of intermittent fasting (IF)
interventions, whereas right of the 0 line shows a finding in favor of continuous energy restriction (CER) interventions. The diamond at the base of the plot
demonstrates the pooled effect estimates and confidence intervals from RCTs included in the meta-analysis. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)

than in the IF group (MD = 0.10 mmol/L, 95 % CI: 0.01, 0.19, P = 0.03)
(Supplementary Fig. 8).

3.7. Effect of IF and CR on inflammatory markers

Over the period of baseline to 3 months, IF combined with CR
demonstrated a statistically significant decrease in serum levels of
interleukin-6 (IL-6) (MD) = —0.13 pg/ml, 95 % confidence interval (CI):
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Fig. 5. Meta-analysis of change-from-baseline WC and HC. The forest plot shows effect estimates (green blocks) and 95 % confidence intervals (horizontal lines) for
each RCT. Larger green blocks indicate a larger weight has been assigned to that RCT. Left of the 0 line shows a finding in favor of intermittent fasting (IF) in-
terventions, whereas right of the 0 line shows a finding in favor of continuous energy restriction (CER) interventions. The diamond at the base of the plot dem-
onstrates the pooled effect estimates and confidence intervals from RCTs included in the meta-analysis.

—0.19, —0.08, P < 0.00001) (Supplementary Fig. 10). However, in the
period of baseline to 4-6 months, no significant difference was observed
in IL-6 and CRP levels between the two groups. Regarding the effect of
IF + CR versus CR on leptin, adiponectin, and IGF-1 levels, studies
revealed no discernible difference between the groups (MD = —0.44 ng/
ml, 95 % CI: —1.49, 0.61, P = 0.41), (MD = 0.33 pg/ml, 95 % CI: —0.31,
0.98, P = 0.31), and (MD = —5.29 pg/L, 95 % CI: —13.34, 2.75, P =
0.20) respectively (Supplementary Fig. 11).

3.8. Sensitivity analysis

Sensitivity analysis was conducted based on various patterns of IF.
Across the ADF and 5:2 IF pattern, the direction of the effect was
consistent. However, some variations were observed in TRE. In the
period of baseline to 3 months intervention, four studies were included
for BW, demonstrating an average decrease of —0.94 kg (95 % CI: —1.69,
—0.18, P = 0.001). Additionally, three studies were included for FM

(kg), showing an average decrease of —1.04 kg (95 % CI: —1.92, —0.16,
P = 0.02). In the period of baseline to 4-6 months intervention, three
studies were included for FBG, revealing an average decrease of —2.35
mg/dl (95 % CI: —4.31, —0.40, P = 0.02). Lastly, in the period of
baseline to 10-12 months intervention, two studies were included for
FM (%) and WC, demonstrating an average decrease of —1.66 % (95 %
CL: —2.54, —0.79, P = 0.0002) and —2.23 cm (95 % CI: —3.81, —0.66, P
= 0.005), respectively.

3.9. Certainty of the evidence

The GRADE approach was employed to assess the certainty of evi-
dence for the primary outcomes, as presented in (Supplementary
Table 4). The results demonstrated that the evidence for BW, BMI, FM
(kg), and LBM (kg) was moderate, indicating that further research is
likely to have a significant impact on our confidence in the estimate of
effect and may alter the estimate. The certainty of the evidence for
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adherence was very low, indicating that any estimate of effect is highly
uncertain. The certainty for adverse events was low, suggesting that
further research is very likely to have a significant impact on our con-
fidence in the estimate of effect and is likely to change the estimate. The
certainty for hunger was moderate, indicating that further research is
likely to have a significant impact on our confidence in the estimate of
effect and may change the estimate. The certainty of the evidence for
secondary outcomes, as presented in (Supplementary Table 5), was also
evaluated. The results showed low certainty for FBG and FBI, very low
certainty for Hbalc, and moderate certainty for TG, TC, HDL, and LDL.

3.10. Publication bias

We ran funnel plots, Begg’s tests and Egger’s tests. No publication
bias was found in our research (Supplementary Figs. 12-19).

4. Discussion

To the best of our knowledge, this meta-analysis is the first to
compare the effects of IF and CR in the isocaloric state. Our findings
suggest that there is no evidence to support the superiority of IF over CR
in enhancing human health, either in the short- or long-term. However,
there are some exceptions, such as the reduction in FM (kg) in the period
of baseline to 3 months and the reduction in FM (%) and WC in the
period of baseline to 10-12 months. Our results do not align with sys-
tematic reviews and meta-analyses that have compared IF with a regular
diet or no intervention [44-49], but they do align with some studies that
have compared IF with CR [50-55]. Most previous meta-analyses that
compared IF and CR did not divide the intervention into time periods,
which could have influenced the results [44-53,55]. A study conducted
by Silverii [54] on obese subjects at different time points found no sig-
nificant effect of IF compared with CR on BW and BMI. Sensitivity
analysis showed that TRE was more effective than CR in reducing BW
and FM (kg). Our study aligns with a recent meta-analysis that
concluded that subjects with TRE achieved higher reductions in
anthropometric measurements, especially when participants were
assigned ad libitum rather than prescribed energy intake [55]. In
contrast, under an isocaloric state, in the 5:2 IF pattern, participants
overcompensated on non-fasting days, leading to higher energy con-
sumption [56]. Notably, none of the previous meta-analyses matched
the CR intervention and control groups.

4.1. Primary outcomes

Our findings indicate that the combination of IF and CR was more
effective in reducing visceral FM in the period of baseline to 3 months by
0.96 kg and in the period of baseline to 10-12 months by 1.51 % and WC
by 1.96 cm. However, there were no significant differences in the other
anthropometric measurements at any time point. Although IF showed a
significant reduction in FM at 3 months, this effect diminished over time,
suggesting that both interventions had similar long-term effects. The
significant reduction in FM, but not in other anthropometric measure-
ments, such as BW, BMI, and lean body mass (LBM), is primarily due to
the small number of studies that assessed FM. Additionally, despite the
absence of significant changes in BW and BMI, there was a trend towards
BW reduction in the intervention group (P = 0.05) and BMI reduction in
the control group (P = 0.07), which was also due to the difference in the
number of studies. It is worth noting that the self-reported caloric intake
in the included studies showed that participants in the IF group
consumed slightly fewer calories than those in the CR group [24,29,
31-33,38]. A possible explanation for this is expectation bias, as
mentioned previously [53]. One of the challenges of these studies is the
inability to blind the participants to the intervention. Despite the pres-
ence of a control group (CR), the population tends to anticipate more
promising results from the intervention group (IF) than CR, potentially
increasing adherence in completers (e.g., lower caloric intake) [57].
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Furthermore, our study aimed to directly and indirectly compare the
adherence levels in these studies in an isocaloric state. A direct com-
parison was done narratively due to intervention differences, and the
successful adherence criteria of the studies were considered. No signif-
icant differences were found between studies. However, factors that
affect adherence such as hunger rate, VAS revealed that individuals in
the IF group felt hungrier compared to those in the CR group.
Conversely, Elsworth et al.,, who assessed hunger among the in-
terventions, found no significant differences between groups. The main
difference in our results could be attributed to the higher number of
studies included in the comparison [53]. Dropouts and adverse events
were similar in both groups, except for fatigue, which was lower in the
CR group. These data suggest that adherence to both dietary in-
terventions is comparable.

4.2. Secondary outcomes

Furthermore, we did not detect any variation in FBG, Hbalc, and
HOMA-IR at any point in time. FBI diminished during the 4-6 month and
10 - 12-month periods. The certainty of the evidence for these outcomes
was moderate to low. This is mainly because the studies included diverse
health conditions of participants, some of whom were diabetic [30,43],
at risk of developing diabetes [26,38,40,43], and were athletic [37]. All
of these factors can significantly affect glucose and insulin homeostasis
[58]. Consequently, the indirectness domain is considered serious.
Population health status and type of comparison are critical factors for
blood glucose-related outcomes. For instance, a study revealed im-
provements in glucose metabolism in patients with metabolic syndrome
when compared with pre-intervention [59]. Similarly, patients with
non-alcoholic fatty liver disease showed better glucose metabolism than
those without [45]. It is likely that these effects were caused by
CR-induced weight loss rather than the IF itself. This notion is supported
by a recent meta-analysis that found no effect of IF on glycemic control
in patients with T2D when compared with CR [60]. Additionally,
another recent network meta-analysis discovered that IF is as effective as
CR, and both are superior to conventional diets in patients with T2D
[61]. Therefore, IF could be an alternative approach to limit the total
caloric intake of those who struggle to adhere to a regular CR diet.
However, our results, which align with those of other studies, do not
display superior results from IF compared to CR regarding glucose ho-
meostasis. Furthermore, it was observed that TG levels were lower in the
CR group at the 10-12-month mark, but no other differences were noted
in the lipid profile, CRP, and adipokines such as leptin, adiponectin,
resistin, or IGF-1. Additionally, IL-6 levels were significantly reduced.
However, data from one study were significantly skewed, accounting for
96 % of the weight of the effect [36,39]. As a result, future studies are
critical in determining the efficacy of IF on inflammation. In contrast, a
study by Wang found that IF was effective in reducing CRP, but not IL-6
or tumor necrosis factor-alpha, in overweight and obese subjects [62]. A
recent review of human trials also demonstrated that IF has minimal or
no effect on inflammatory markers. CRP levels were reduced when 6 %
weight loss was achieved in overweight and obese patients [63].

4.3. Strengths, limitations, and future implications

This systematic review and meta-analysis is notable for its strict
eligibility criteria, which ensured that isocaloric intervention and con-
trol groups were included. Additionally, it provides a comprehensive
analysis of different intervention durations, ranging from 3 to 12
months, including a substantial number of studies (n = 20). The research
was conducted across four databases (PubMed, Scopus, Embase, and
Google Scholar) as well as additional resources obtained through a re-
view of previously published systematic reviews. The precision of the
results was enhanced by calculating the change in the mean and SD
(baseline value — certain time-point value) for all collected data.
Furthermore, a grade assessment was performed on primary and
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secondary outcomes to evaluate the certainty of evidence. Despite these
strengths, this study had significant limitations that undermined the
reliability of the evidence. For instance, the variability in the assessment
of anthropometric outcomes in the included studies was inconsistent.
BMI, LBM, FM, WC, HC, and BW, all of which were classified under the
same category, were not adequately measured.

Of the 20 studies examined, 11 measured BW in the period of
baseline to 3 months analysis, while only four measured BMI. This
inconsistency in reporting has led to disparate results. For instance,
scientific evidence suggests that BW reduction should be accompanied
by a reduction in BMI, but this was not observed in this study because of
the limited number of studies reporting BMI. However, we did not find
any evidence of publication bias for any of the variables assessed in this
study. In addition, the age range of participants was between 18 and 75
and health conditions varied among them. Despite this, future research
should focus on conducting longitudinal randomized trials examining
the impact of IF on adherence, hunger, inflammation, and anthropo-
metric measurements in different populations, age groups, and IF pat-
terns due to the lack of knowledge about the long-term effects of IF on
these variables. Additionally, the domain of risk of bias in GRADE was
assessed as serious, which lowered the certainty of the results by one
degree. In conclusion, IF combined with CR is an effective approach for
achieving health benefits such as weight loss but does not provide
additional health benefits beyond those achieved by CR. Stricter RCTs
are necessary to draw stronger conclusions.
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