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Abstract

Background: Dietary interventions, particularly inter-
mittent fasting (IF) and energy restriction (ER), have
emerged as effective strategies for managing weight.

Objective: We aimed to conduct a systematic review and
meta-analysis exploring the effects of IF and ER on body
weight and cardiometabolic factors.

Methods: PRISMA compliant methods were used, and
PubMed and the Cochrane CENTRAL Library were
systematically searched for relevant randomized
controlled trials (RCTs) from database inception to
September 27, 2023. A bibliographic and gray literature
search was also performed to identify unpublished liter-
ature. Effect sizes were pooled with random effects
models in the R package “meta” and are reported as
mean differences with 95 % confidence intervals. The
quality of the included studies was assessed with The
Cochrane Risk of Bias assessment tool.

Results: A total of 2931 records were identified through a
database search. The study included 17 publications: 16
RCTs identified after two stages of screening and an
additional publication identified from a bibliographic
search. All trials were published between 2011 and 2022,
and included a total of 1258 participants (24—209 per
study). Pooled analysis revealed that IF led to a more
significant decrease in BMI than ER (—0.44 [-0.88 to
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—0.01]; p < 0.01). Additionally, IF resulted in a slightly
greater, but statistically nonsignificant, decrease in
weight, triglyceride levels, fasting plasma glucose, and
diastolic blood pressure than ER. However, similar de-
creases in SBP, LDL, and HDL levels were observed
between IF and ER, which showed no major differences.
The ER group experienced a higher frequency of head-
aches than the IF group, whereas the IF group reported a
greater occurrence of dizziness than the ER group.

Conclusion: IF appears to be slightly advantageous over
ER in terms of body weight, cardiometabolic factors, and
plasma glucose levels.

Keywords: Cardiometabolic factor; Energy-restricted diets;
Intermittent fasting; Plasma glucose levels; Weight loss

© 2025 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Dietary interventions have emerged as effective strategies
for weight management, among which intermittent fasting
(IF) and energy restriction (ER) are widely used techniques.
IF is a frequently used and effective dietary intervention
involving regular periods with no caloric intake.! This
approach is simple to follow, and promotes weight loss and
overall health.” IF has two main types. The first type is a
time-restricted diet followed daily. Variations include 16-h
fasts with 8-h feeding times (16:8), or 12:12, 14:10, 18:6, or
20:4 schedules. The second type is alternate-day fasting
(ADF), which consists of a 24-h fast followed by a 24-h
eating period. ADF can be performed several times per
week; for example, a 5:2 strategy consists of two fasting days
followed by five non-restrictive days.l’3 Beyond weight loss,
IF helps restore hormonal equilibrium by elevating SBH
and decreasing androgens in obese premenopausal women.
Furthermore, IF significantly improves glycemic control
and insulin sensitivity; decreases cardiovascular risk by
decreasing resting heart rate, BP, fat mass, total
cholesterol, triglycerides, and LDL cholesterol; and also
positively influences markers of oxidative stress and
inflammation in obese patients with asthma.*>

ER is another compelling caloric restriction approach
characterized by controlled caloric intake without inducing
malnutrition, by prioritizing adequate nutrition while
limiting overall energy intake.*” A calorie-restricted diet rich
in fiber, with >50 % total energy intake from carbohydrates
and limited fat, has been generally accepted and is recom-
mended by guidelines,7 because of its ability to consistently
decrease the biological rate of aging, improve metabolic
health, maintain glucose homeostasis, and facilitate obesity
managementj*g

ER is the primary treatment modality for individuals with
overweight and obesity.'’ Some randomized controlled trials
(RCTs) have indicated that ER has positive effects on various
cardiometabolic risk factors—such as anthropometric

measurements, body composition, blood pressure, HDL-
cholesterol, LDL-cholesterol, triglycerides, insulin resis-
tance, glucose control, metabolic syndrome, and chronic in-
flammatory tone—and also increases adiponectin levels,
thereby aiding in healthy weight loss. These findings indicate
the profound effects of controlled energy intake in enhancing
overall health and mitigating cardiovascular risk factors.' "1

Parvaresh et al.'’ have reported that IF has superior
efficacy to ER in the management of body weight, waist
circumference, blood pressure, and fasting plasma glucose.
Several studies'*!” have additionally indicated that IF
excels in lipid and glycemic control. However, other
research'®!”  has suggested no significant differences
between treatment groups, indicating comparable efficacy.
Therefore, determining the differences in effectiveness
between IF and ER is important.

Although both IF and ER have gained attention as po-
tential strategies for weight management and improving
metabolic health, their relative efficacy remains unclear. To
our knowledge, a comprehensive, up-to-date systematic re-
view directly comparing the effects of IF and ER is currently
lacking in the literature.

To address this knowledge gap, we aimed to conduct a
systematic review and meta-analysis of RCTs comparing the
effects of IF and ER.

Materials and Methods

This meta-analysis is reported according to Preferred
Reporting Items for Systematic Review (PRISMA) guidelines.

Eligibility criteria

The research question was framed in Population, Inter-
vention, Comparison, Outcome, Study Design (PICOS)
format to explore study eligibility for inclusion. Published
and unpublished RCTs evaluating IF versus ER were
included, regardless of the use of other therapies, and par-
ticipants’ age, sex, country, and ethnic group. Non-human
RCTs, in vitro research, phase I clinical trials, case reports,
editorials, conference proceedings, commentaries, expert
opinions, reviews, RCTs not reporting original data, non-
RCTs, non-English publications, and duplicate publica-
tions were excluded.

Search strategy

A comprehensive literature search was performed in the
PubMed and Cochrane Central Register of Controlled Trials
Library electronic databases, to identify relevant RCTs from
database inception until September 27, 2023. The search
terms were “intermittent fasting” OR “fasting” OR “alternate
day fasting” AND “caloric restriction” OR “dietary restric-
tion” OR “ER.” Detailed search strategies are listed in
Supplementary Table 1 and Supplementary Table 2.
Additional reference lists from review articles, Google
Scholar, and bibliographies were also manually searched to
identify published and unpublished trials. No date
restrictions were applied, but the English language
restriction was used in electronic searches for RCTs.
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Study selection

Two reviewers independently performed first-pass
screening by reviewing the titles and abstracts of all
retrieved records to identify articles potentially meeting the
predefined eligibility criteria. For eligible titles, the full texts
were downloaded and reviewed independently by two re-
viewers in the second-pass screening, to determine relevant
inclusion in the final analysis. Disagreements between re-
viewers during both screening stages were resolved through
discussion with a third reviewer.

Data extraction and management

Two reviewers independently performed the data extrac-
tion. All relevant data were extracted from the included
RCTs with data extraction templates. Disagreements during
data extraction were resolved through discussion with a third
reviewer. The following details were extracted: study identi-
fication, authors details, study objectives, study design,
intervention setting, study population, measures, and main
findings (changes in body weight, BMI, waist circumference,
cholesterol levels, triglycerides, and blood pressure). Efficacy
data reported in the final weeks of follow-up were collected.

Methodological quality assessment in the included RCTs

Two reviewers independently used the Cochrane collab-
oration’s Risk of Bias assessment tool,'® which comprises of
six domains: selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other bias. Further results

are presented as low risk of bias, unclear risk of bias, or high
risk of bias, according to recommendations from the
Cochrane handbook.'®

Statistical analysis

All the analyses were performed in R software 4.2.2. Ef-
ficacy estimates are expressed as mean changes and 95 %
confidence interval (CI) from baseline. Standard deviations
(SD) were calculated from the standard error or 95 % CI and
were imputed if not reported, according to the Cochrane
Handbook for Systematic Review of Interventions.'”
Higgins’ I? statistic and Cochran’s Q test were used to
assess potential statistical heterogeneity among trials. The
meta-analysis was conducted with a random-effect model
(restricted maximum likelihood method) based on low het-
erogeneity (<50 %) or high heterogeneity (>50 %). A funnel
plot was generated to address the publication bias for the
outcomes reported in at least ten studies in the meta-anal-
ysis.zo Further sensitivity analyses were conducted to
estimate the influence of individual study variation on
overall outcomes.

Results
Study characteristics

A total of 2931 records were initially identified through
database searching. After removal of 13 duplicate articles,
the remaining 2918 records underwent primary screening.

| Identification of studies via databases

= — i

= Publications identified from: Publications removed before

g Databases (n = 2931) screening: Publications identified from

% PubMed (n=497) Duplicate Publications removed (n = bibliographic search: (n=1)

E Cochrane (n=2434) 13)

-

l Publications excluded: (n=2757)
—_— Intervention not of interest (n= 1926)
Study design not of interest: (n= 182)
Publications screened (n = 2918) P Non-human studies: (n= 82)
Comparator not of mterest: (n= 106)
SR/MA/NMA: (n=44)
l Publication type not of interest
(n=22)
Publications sought for retrieval Protocol: (n=13)

; (n=161) Others: (n=22)

g l Publications excluded: (n= 145)

@ Intervention not of interest (n=84)
Publications assessed for Comparator not of nterest: (n= 18)
eligibility Outcome not of mterest: (n=24)
(n= 161] Publication type not of mterest

(n=7)
SRMA/NMA: (n=1)
Duplicate: (n=35)
Anmmal study: (n=1)
— v
) Publications included m review

E n=17)
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E review (n = 16)

RCTs mncluded n
— quantitative review (n = 14)

Figure 1: PRISMA flowchart of literature search and study selection. *17 publications from 16 RCTs were included (two different
publications reported the data from one RCT).
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Table 1: Baseline characteristics of included RCTs.

Author ID Country  Blinded/ Study No. Fasting duration Setting Type of Age group
open label duration participants center (years)
Catenacci et al., U.S.A. Open 32 weeks 29 Alternate day fasting Community Single 18—55
2016
Conley et al., Australia  Blinded 6 months 24 Alternate days (2 days per =~ Community Single 55-175
201872 week)
Corley et al., New NR 6 weeks NR NR NR NR NR
2019 Zealand
He et al., 2022'* China Open 3 months 169 16 h fast every day Community Single 18—65
Isenma7nn et al., Germany Open 14 weeks 42 16 h fast every day Community Single 20—40
2021~
Keenan et al., Australia  Open 12 weeks 34 Alternate days (2 days per Community Single 18—45
2022'° week)
Liu et al., 2019'® Australia Open 10 weeks 88 24 h fast (3 alternate days per Community Single 49—51
week)
Hutchison et al., Australia NR 10 weeks 88 24 h fast (3 alternate days per NR Single Mean (SD): 50
20187 week) 1)
Liu et al., 2022'7 China Open 12 139 16 h fast every day Community Single 18—75
months
Lowe et al., U.S.A. Open 12 weeks 141 16 h fast every day Community NR Mean (SD):
2020%° 46.5 (10.5)
Parvaresh et al., Iran Open 8 weeks 69 Alternate day fasting Community Single 25—60
2019"
Razavivet al., Iran Open 4 months 80 Alternate day fasting Hospital Single 25—60
202177
Templeman United Open 8 weeks 37 Alternate day fasting Community NR 18—65
etal., 2012°®  Kingdom
Teong et al., Australia  Open 18 209 20 h fast on three consecutive NR NR 58 (10)
2023% months days per week
Tivya S et al., Malaysia  Open 12 weeks 37 Alternate days (2 days per Hospital Single Mean (SD):
2021% 3¢ week) 38.9 (5.9)
Trepanowski U.S.A. Open 12 100 Alternate day fasting Community Single 18—64
et al., 2017°" months
Varadyz et al., U.S.A. Open 12 weeks 60 Alternate day fasting Community Single 35—65
2011°"

% RCTs not included in the meta-analysis.

B Study associated with Liu et al., 2019 (not included in meta-analysis).

After evaluation of titles and abstracts, 2757 articles were
excluded, thus leaving 161 for full-text assessment. Of these,
145 were excluded because of irrelevance, insufficiency, or
ambiguity (Supplementary Table 3). An additional study was
identified through bibliographic searching, thus yielding a
total of 1737172132 publications from 16!3717:21723,25=32
RCTs. Among these, 1413717:21.22.25-29.31.32 R CTs provided
quantitative data used in the meta-analysis (Figure 1).

All included trials were published between 2011 and 2022.
These RCTs included a total of 1258 (range: 24—209) par-
ticipants; all were parallel design, single center RCTs. Most
trials were conducted in Australia (n = 5), followed by the
United States of America (n = 4). Two RCTs each were from
China and Iran, and one study each was from Malaysia, New
Zealand, Germany, and the United Kingdom. Most trials
were community based (n = 12), whereas only two RCTs
were hospital based, and the remaining RCTs did not report
the setting. The mean age of the included participants at
baseline was 50.14 years (range: 18—75 years) (Table 1).

Quality assessment of included RCTs

The overall risk of bias of the eligible RCTs was assessed
with the Cochrane Risk of Bias tool (Figure 2). All RCTs

except Conley et al.”> had an overall high risk of bias,
because of their open-label nature. Although Conley
et al.”> was a blinded study, it nonetheless had high risk of
bias because of unclear randomization processes and the
presence of attrition bias. In terms of randomization
techniques, half the RCTs explicitly indicated the methods
used, whereas the other half did not clearly describe the
randomization processes, thus indicating a chance of
selection bias. A substantial proportion of RCTs did not
clearly indicate allocation concealment, thus indicating a
potential for selection bias. Almost half the RCTs reported
incomplete outcome data, thus potentially indicating
attrition bias. Notably, we found no evidence of selective
reporting in the included RCTs, thereby eliminating the
possibility of reporting bias.

Meta-analysis

Body weight and BM1

Eleven RCTs'>!%16: were analyzed to compare
the effects of IF and ER on baseline weight change. The
random effects model (Figure 3) illustrated the effectiveness
of IF, revealing a slightly greater, though statistically
nonsignificant, weight decrease than observed for ER (MD

17,21,22,25—-29



Evaluation of the effectiveness of intermittent 163

[95 % CI]: —0.41 [—1.25 to 0.42]; p = 0.33). Furthermore,
sensitivity analysis demonstrated that none of the included
studies affected the overall estimate for this outcome
(Supplementary Fig. 3). Additionally, we reported the effects

of IF on BMI by analyzing data from seven
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Figure 2: Assessment of risk of bias in the included RCTs with the
Cochrane domain-based quality assessment tool.

RCTs! % 1417:21,.25.27.28 reporting BMI changes from baseline.
The efficacy of IF in altering BMI levels was displayed with a
random effects model (Figure 4). Notably, IF exhibited a
significantly greater decrease in BMI than ER (MD [95 %
CI]: —0.44 [-0.88 to —0.01]; p = 0.04). Furthermore,
sensitivity analyses demonstrated that one study (Templeman
et al., 2012) that compared IF (alternate day fasting) and ER
(consumption of 75 % energy needs) significantly affected the
overall estimate (Supplementary Fig. 4).

Triglycerides and total cholesterol

Nine RCTs!?17:21,22.27.29 provided data on the effects of
IF versus ER on triglyceride levels from baseline. The
random effects model indicated the efficacy of IF in
changing blood triglyceride levels (Figure 5), thus
demonstrating a slightly greater, but statistically
nonsignificant, decrease in the IF group than the ER group
MD [95 % CI]: —0.09 [-0.19 to 0.01]; p = 0.09).
Furthermore, sensitivity analysis demonstrated that two
studies (Templeman et al., 2012 and Teong et al., 2023)
that compared IF (alternate day fasting/20 h fast on three
consecutive days per week) with ER (consumption of
75 %]/70 % energy needs) significantly affected the overall
estimate (Supplementary Fig. 5). Similarly, total cholesterol
levels were reported by eight RCTs.' 3717222729 The
efficacy of IF in changing total cholesterol levels from
baseline was illustrated with a random effects model
(Figure 6). IF resulted in a greater decrease in total
cholesterol levels than ER, although these results were
statistically nonsignificant (MD [95 % CI]: —0.07 [-0.26 to
0.13];, p = 0.51). Furthermore, sensitivity analysis
demonstrated that two studies (Templeman et al., 2012 and
Teong et al., 2023) that compared IF (alternate day
fasting/20 h fasting on three consecutive days per week)
with ER (consumption of 75 %/70 % energy needs)
significantly affected the overall estimate (Supplementary
Fig. 6).

LDL and HDL

The effects of IF versus ER on LDL levels from baseline
were analyzed across eight RCTs. [3717.22.28.29 The efficacy of
IF was displayed with a random effects model (Figure 7),
which revealed similar decreases in LDL levels between the
IF and ER groups (MD [95 % CI]: —0.02 [—0.16 to 0.12];
p = 0.80). Furthermore, sensitivity analysis demonstrated

Intermittent fasting Enegry restriction

Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl Weight
Liuetal, 2019 22 -270 05000 24 -390 0.4000 = 120 [0.94; 146] 118%
Isenmann et al, 2021 18 -3.80 21000 17 -4.00 2.3000 — 020 [-1.26; 1.66] 8.8%
He et al, 2022 55 -350 04000 55 -2.00 0.3000 -1.50 [-1.63;-1.37] 11.9%
Conley et al, 2018 11 -5.30 25000 12 -5.50 2.8000 020 [-1.97; 237] 66%
Catenacci et al, 2016 13 -5.70 15000 12 -5.00 1.6000 —— -0.70 [1.92; 0.52] 95%
Liu et al, 2022 69 -8.00 67000 70 -6.30 66000 —W—— -1.70 [-l391; 051] 65%
Lowe et al, 2020 59 -1.17 26000 57 -0.75 2.6000 —— -0.42 [-1.37, 0.53] 10.4%
Parvaresh et al, 2019 35 -410 36000 34 -170 14000 —W— -240 [-3.68;-1.12] 9.3%
Razavi et al, 2021 38 643 43000 37 -411 42000 ——— 232 [-424,-040] 7.3%
Templeman et al, 2012 12 -0.52 11000 12 -1.91 1.0000 —— 1.39 [0.55; 2.23] 10.7%
Teong et al, 2023 85 -436 66000 83 -519 6.8000 = 083 [-1.20; 286] 7.0%
Random effects model 417 413 | ; = ; | -0.41 [-1.25; 0.42] 100.0%

Heterogeneity: /> = 97%, t° = 1.5158, p < 0.01

Figure 3: Changes in weight from baseline.
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Intermittent fasting Enegry restriction

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Isenmann et al, 2021 18 -1.30 0.7000 17 -1.30 0.7000 000 [-0.46; 046] 157%
He et al, 2022 55 -140 03000 55 -0.90 0.2000 -0.50 [-060;-040] 189%
Catenacci et al, 2016 13 -3.20 0.5000 12 -2.40 0.6000 -0.80 [-1.23;-0.37] 16.0%
Liu et al, 2022 69 -2.90 25000 70 -2.30 2.3000 ] -0.60 [-1.40; 0.20] 11.6%
Parvaresh et al, 2019 35 -1.60 2.0000 34 -0.80 0.9000 + -0.80 [-1.53;-0.07] 12.5%
Razavi et al, 2021 38 -3.10 29000 37 -1.40 27000 —@——; -1.70 [297,-043] 7.3%
Templeman et al, 2012 12 -020 04000 12 -0.60 0.2000 i 040 [0.15; 065 17.9%
Random effects model 240 237 -0.44 [-0.88; -0.01] 100.0%

Heterogeneity: 12 = 89%, 2 = 0.2589, p=0.01

Figure 4: Changes in BMI from baseline.

Intermittent fasting Enegry restriction

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Liuetal, 2019 22 -028 01200 24 -0.16 0.0500 -0.12 [-0.17,-0.07] 725%
Keenan et al, 2022 17 0.01 1.8000 17 -0.03 2.0000 0.04 [1.24; 1.32] 06%
He et al, 2022 55 -0.30 1.3600 55 -0.15 1.2000 = -0.15 [063; 0.33] 43%
Conley et al, 2018 11 -0.30 1.8000 12 -0.20 2.0000 -0.10 [-1.65; 145] 0.4%
Catenacci et al, 2016 13 028 1.0400 12 0.66 0.9400 -0.38 [1.16; 040] 17%
Liu et al, 2022 69 -1.41 39200 70 -1.08 3.8400 -0.33 [1.62; 0.96] 0.6%
Parvaresh et al, 2019 35 -2.88 50200 34 -2.22 43300 -066 [-2.87; 1.55] 02%
Templeman et al, 2012 12 -0.02 0.2600 12 -0.04 0.2800 - 0.02 [-0.20; 0.24] 17.8%
Teong et al, 2023 85 0.26 2.6500 83 -0.44 22300 0.70 [-0.04; 1.44] 1.9%
Random effects model 319 319 -0.09 [-0.19; 0.01] 100.0%
Heterogeneity: 1> = 0%, t° = 0.0030, p = 0.53
2 4 0 1 2
Figure 5: Changes in triglycerides levels from baseline.
Intermittent fasting Enegry restriction
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Liu et al, 2019 22 -0.37 0.1500 24 -0.24 0.1000 -0.13 [-0.20;-0.06] 23.5%
Keenan et al, 2022 17 -0.63 0.8000 17 020 1.0000 —&#— -0.83 [-144,-022] 7.3%
He et al, 2022 55 0.03 0.1700 55 0.19 0.1200 -0.16 [[0.21;-0.11] 23.9%
Conley et al, 2018 11 0.00 0.8000 12 0.20 1.0000 = -0.20 [-0.94; 0.54] 55%
Liu et al, 2022 69 -040 16400 70 -0.51 1.5700 — i 011 [042; 064 87%
Parvaresh et al, 2019 35 -0.61 1.3600 34 -0.44 1.7200 = -0.17 [-0.90; 0.56] 5.5%
Templeman et al, 2012 12 0.01 04200 12 -0.22 0.3200 il 023 [-0.07; 0.53] 156%
Teong et al, 2023 85 022 15100 83 -0.17 1.6100 H—— 0.39 [-0.08; 0.86] 10.1%
Random effects model 306 307 ﬁ -0.07 [-0.26; 0.13] 100.0%
Heterogeneity: /= 59%, t° = 0.0412, p = 0.02
-1 05 0 05 1

Figure 6: Changes in total cholesterol levels from baseline.

that none of the included studies affected the overall estimate
for this outcome (Supplementary Fig. 7) Additionally, HDL
levels were assessed in same eight RCTs.' 3717222829 The
efficacy of IF in changing total HDL levels from baseline
was illustrated with a random effects model (Figure 8). The
results for HDL, similarly to those for LDL, indicated
similar decreases between the IF group and the ER group
(MD [95 % CI: —0.01 [-0.02 to O]; p 0.03).
Furthermore, sensitivity analysis demonstrated that two
studies (Liu et al., 2019 and He et al., 2022) that compared
IF (24 h fasting/16 h fasting) with ER (consumption of
70 %)/75 % energy needs) significantly affected the overall
estimate (Supplementary Fig. 8).

Fasting plasma glucose and HbAIC
. 3— 9 .
Eight RCTs!? 1721222 examined the effects of IF versus
ER on changes in fasting plasma glucose levels from baseline.

A random effects model (Figure 9) demonstrated that the IF
group exhibited a slightly superior decrease in plasma
glucose levels to the ER group, although this difference
was statistically non-significant (MD [95 % CI]: —0.09
[—0.20 to 0.02]; p = 0.09). Furthermore, sensitivity analysis
demonstrated that one study (Templeman et al., 2012) that
compared IF (alternate day fasting) and ER (400 kcal/day
decrease from estimated energy requirements) significantly
affected the overall estimate (Supplementary Fig. 9).
Additionally, HbAIC levels were evaluated in only two
RCTs.'*? The efficacy of IF in changing HbAI1C levels
from baseline was illustrated with a random effects model
(Figure 10), which revealed similar changes between the IF
and ER groups (MD [95 % CI]: —0.01 [-0.02 to O];
p = 0.78). Furthermore, a sensitivity analysis demonstrated
that none of the included studies affected the overall
estimate for this outcome (Supplementary Fig. 10).
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Blood pressure

Seven RCTs!!416:17:22,26.29 compared IF and ER effects
on SBP levels from baseline. IF’s efficacy was displayed
with a random effects model (Figure 11). The RCTs
indicated similar decreases in SBP levels between IF and
ER (MD [95 % CI]: —0.04 [—1.78 to 1.69]; p = 0.96).

Furthermore, sensitivity analysis demonstrated that none
of the included studies affected the overall estimate for this
outcome (Supplementary Fig. 11). Additionally, these
RCTs!H14160:17:22.26.29 oxamined DBP levels, as presented
with a random effects model (Figure 12). In contrast to
SBP, DBP displayed a slightly greater decrease in the IF

Intermittent fasting Enegry restriction

Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl Weight
Liu et al, 2019 22 -0.16 0.1300 24 -0.13 0.0800 = -0.03 [-0.09; 0.03] 29.4%
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He et al, 2022 55 0.13 0.1400 55 0.28 0.1300 -0.15 [-0.20;-0.10] 30.0%
Conley et al, 2018 11 -0.09 0.7000 12 -0.45 0.9000 ——=— 036 [0.30; 1.02] 4.0%
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Heterogeneity: /2 = 65%, > = 0.0163, p < 0.01 J I J }

| -05 0 05 1

Figure 7: Changes in LDL levels from baseline.
Intermittent fasting Enegry restriction

Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl Weight
Liu et al, 2019 22 -0.07 0.0600 24 -0.05 0.0200 -0.02 [-0.05; 0.01] 159%
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Figure 8: Changes in HDL levels from baseline.
Intermittent fasting Enegry restriction

Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl Weight
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Figure 9: Changes in fasting plasma glucose levels from baseline.

Intermittent fasting Enegry restriction
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
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Figure 10: Changes in HbAIC levels from baseline.
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Intermittent fasting

Enegry restriction

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
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Figure 11: Changes in SBP levels from baseline.
Intermittent fasting  Enegry restriction
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
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Figure 12: Changes in DBP levels from baseline.

group than the ER group (MD [95 % CI]: —0.75 [-2.05 to
0.54]; p = 0.25); however, the difference was statistically
nonsignificant. Furthermore, sensitivity analysis
demonstrated that only one study (Teong et al., 2023) that
compared IF (alternate day fasting) with ER (consumption
of 75 % energy needs) significantly affected the overall
estimate (Supplementary Fig. 12).

Safety

Three RCTs documented occurrences of adverse events in
populations undergoing either IF or ER. In the study by
Teong et al.,” the incidence of headache was consistent
between arms. However, Liu et al.'” observed a higher
frequency of headaches in the ER group (2.9 %) than the
IF group (1.5 %). Interestingly, that study also reported
greater occurrence of dizziness in the IF group (8.7 %)
than the ER group (7.1 %). In contrast, Conley et al.”?
found no instances of headache or dizziness throughout the
duration of their study.

Discussion

We conducted a thorough systematic review and meta-
analysis comparing IF and ER regimens in terms of
changes in waist circumference, body weight, cardiovascular
factors, and lipid profiles. Although IF showed benefits, the
observed effects were not statistically significant. A well-
studied dietary intervention might have substantial effects
on society.

The analysis of body weight changes from baseline
revealed notable differences between interventions. In a
qualitative study by Tivya et al.,’" the reported change in
body weight revealed a greater decrease in the IF group

than the ER group (5.9 % and 2.3 % decreases from
baseline, respectively). However, our meta-analysis findings
were deemed statistically insignificant, in agreement with the
results reported by Zhang et al..*> However, IF was found to
better at maintaining lean body mass by Varady et al..’!
Additionally, nine RCTs!3!416,17,22,25,27-29 reported waist
circumference. We observed a comparatively greater
decrease in waist circumference with IF than ER, yet these
findings were statistically nonsignificant (MD [95 %
CIl: —0.7 [-1.91 to 0.52]; p = 0.26) (Supplementary
Fig. 1). These results are consistent with those described in
a previously published review by Zhang et al.??

We explored the effects of IF on BMI, and found that IF
exhibited a significantly greater decrease in BMI than ER.
These findings align with those from a Cochrane review by
Allaf et al.** and a meta-analysis study by Guerrero et al..”
However, a separate study by Zhang et al.¥ suggested no
differences in BMI. These differences among studies might
be attributable to the analysis of fewer RCTs and the
inclusion of an intermittent ER arm.

We assessed lipid profiles, including changes in tri-
glycerides, total cholesterol, LDL, and HDL levels. IF
exhibited slightly greater efficacy than ER in decreasing tri-
glycerides and total cholesterol; however, these differences
were not statistically significant. Moreover, no notable dif-
ference in decreasing LDL and HDL levels was observed.
These results align with those from previously published re-
views by Allaf et al.** and Cioffi et al.*

We assessed the diabetic profile according to changes in
fasting plasma glucose and HbA1C levels. The IF group
exhibited a slightly greater decrease in plasma glucose levels
than the ER group, although this difference was statistically
insignificant. Meanwhile, HbA1C levels showed similar
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changes between the IF and ER groups. Our findings align
with those from a previous review by Silverii et al.’’
Interestingly, another study has reported a (IF) significant
decrease in fasting plasma glucose, possibly because of the
inclusion of a mixed population of prediabetic and healthy
individuals.™

Finally, we assessed changes in cardiovascular factors,
including SBP and DBP. Similar decreases in SBP were
observed between the IF and ER groups. In contrast,
although DBP exhibited a slightly greater decrease in the IF
group than the ER group, this difference lacked statistical
significance. Our findings are in agreement with previously
published reviews by Silverii et al.”” and Allaf et al.*

Our meta-analysis has several limitations that require
acknowledgment. Primarily, the IF and ER procedures
varied across the included studies. To minimize the effects of
these differences, we used a random effects model to estimate
the pooled effect and used the mean difference rather than
standardized mean difference. Although this approach did
not resolve the underlying heterogeneity, it incorporated
heterogeneity into the confidence intervals of the effect size
estimates. Additionally, we performed sensitivity analyses
for each outcome to understand the differences in study
protocols for IF and ER. However, caution must be exer-
cised in generalizing these results. Furthermore, the inclusion
of RCTs with small sample sizes contributed to heterogeneity
in the analysis, thereby affecting the overall robustness of our
findings. To increase the accuracy and reliability of our meta-
analysis, larger-scale RCTs on similar protocols are required.

Another notable limitation was the substantial differences
in follow-up times among the included RCTs, some of which
lacked adequate follow-up data altogether. This difference in
follow-up periods might potentially have affected compre-
hensive understanding of the interventions’ long-term effects.
Additionally, all RCTs had high risk of bias because of their
open label nature, which might have distorted the efficacy es-
timates for IF regimens. Furthermore, we evaluated publica-
tion bias for only body weight, because it was the only outcome
reported in more than ten studies, whereas all other outcomes
were reported in fewer than ten studies.”’ Additionally, we did
not search EMBASE and CINAHL, because they are paid
databases; this limitation might potentially have affected the
robustness of our findings. To mitigate this limitation, we
performed a comprehensive search strategy in PubMed and
Cochrane, which are widely recognized for their extensive
coverage of the biomedical literature. Additionally, we
conducted supplementary searches in Google Scholar and
performed a thorough bibliographic search to identify any
additional relevant studies.

In conclusion, our findings indicated that IF is more
effective than ER in BMI lowering, yet no significant weight
decrease was observed. IF, compared with ER, appears to
offer slightly more advantageous or comparable effects on
cardiometabolic factors and plasma glucose levels. Also
weight loss will stop and very likely the patient will gain
weight, if patient stops this dietary modification. Heteroge-
neity significantly affected the reliability of our findings and
emerged as the primary challenge in this review. This limi-
tation must be explicitly acknowledged, because it consid-
erably diminishes the trustworthiness of the results
presented. We anticipate that future long-term RCTs
including large sample sizes will contribute to more

comprehensive evaluation of the clinical effects of IF in di-
etary interventions.
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