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Abstract
Current guidelines for obesity treatment recommend reducing daily caloric intake for weight loss. However, long-term weight
loss continues to be an issue in obesity management. Alternative weight loss strategies have increased in popularity, such as
intermittent energy restriction (IER), a type of eating pattern with periods of fasting alternating with unrestricted eating. The
effects of IER on weight loss, cardiovascular risk factors, inflammation, and appetite are not clear. The purpose of this systematic
review was to analyze short- (<24 weeks) and long-term (≥24 weeks) effects of IER on anthropometric, cardiometabolic,
inflammatory, and appetite outcomes in adults with overweight/obesity. PubMed, CINAHL, Embase, and PsycInfo were
searched from inception to July 2020. Human randomized controlled trials (RCTs) on IER with participants with a body mass
index ≥25 kg/m2 were included in this review. A total of 42 articles (reporting on 27 different RCTs) were included. In short-
term studies, IER showed pre-to-post treatment improvements in eight of nine studies that assessed weight. Weight outcomes
were sustained in the long-term. However, no significant long-term between group differences were observed in fat mass, other
anthropometric, cardiometabolic, inflammatory, or appetite outcomes. Compared to continuous energy restriction (CER), IER
showed no significant long-term differences in anthropometric, cardiometabolic, inflammatory, or appetite outcomes in in-
cluded studies. More long-term studies are needed to assess the benefits of IER on health outcomes.
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Guidelines for behavioral obesity treatment prescribe daily,
continuous energy restriction (CER) by reducing baseline
intake by 25-30% or prescribing a goal of consuming 1200–
1800 kcals/day depending on baseline weight (Jensen et al.,
2014). Behavioral interventions using CER produce an av-
erage loss of 5–10% of initial body weight over 6 months,
along with clinically significant improvements in car-
diometabolic risk factors and psychosocial functioning (Look
AHEAD Research Group, 2013, 2014). However, in the
absence of continuing care, adults on average regain one-third
of their lost weight in the year following behavioral treatment,
with increasing regain over time as well as a return in met-
abolic risk and psychosocial impairment (Wadden et al.,
2012). Long-term weight loss is hindered by a complex in-
teraction of behavioral, cognitive, and biological factors
(Montesi et al., 2016). Given the potential health benefits of
long-term weight loss, strategies that can effectively improve
weight management are urgently needed.

Patients often view weight management as a constant and
ongoing process (Metzgar et al., 2015). Many patients with
obesity are unable to sustain the daily demands and burden of
adhering to CER to prevent subsequent weight regain
(Alhassan et al., 2008). Adherence to daily calorie restriction
decreases over time (Dansinger et al., 2005; Moreira et al.,
2011). Novel approaches are needed that minimize the con-
stant burden of CER. Intermittent energy restriction (IER)
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protocols have been designed to address adherence issues by
prescribing restriction during specific time frames, rather than
daily. IER involves fast days (e.g., individuals consume 25%
of energy needs), alternated with feast days (e.g., individuals
are permitted to consume food ad libitum) (Varady &
Hellerstein, 2007). During weight loss induction over
3 months, IER produces a loss of 4–8% of initial body weight
and improvements in cardiometabolic parameters; these re-
sults are comparable to those achieved with CER (Harris et al.,
2018; Trepanowski et al., 2017). IER could also mitigate
biological changes that occur with weight loss that promote
subsequent weight regain.

In addition, some have suggested that the benefits of IER
arise not only from caloric restriction but also from “metabolic
switching” between fed and fasting states (Anton et al., 2018;
de Cabo & Mattson, 2019). Metabolic switching occurs when
the body preferentially switches from utilization of glucose
from glycogenolysis to fatty acid and fatty acid-derived ke-
tones. This has been hypothesized to improve body compo-
sition and may offer benefits during weight loss by preserving
muscle mass and function.

Previous systematic reviews on IER in participants with
overweight/obesity primarily focus on short-term weight loss
(Harris et al., 2018; Lima et al., 2020; Welton et al., 2020) and
cardiometabolic outcomes (Cioffi et al., 2018; Harris et al.,
2018) such as blood pressure, fasting glucose, fasting insulin,
and lipoproteins. Prior systematic reviews primarily investi-
gated randomized controlled trials (RCTs) with defined IER
regimens in comparison to CER and/or control groups. Few
RCTs were included and studies focused on short-term effects.
Longer duration studies were needed to further investigate
long-term effects of IER such as weight loss, cardiometabolic,
and appetite outcomes.

The purpose of this systematic review was to examine
short- (<24 weeks) and long-term (≥24 weeks) RCTs on IER
regimens on weight loss, anthropometric, cardiometabolic,
inflammation, and appetite factors in participants with over-
weight and/or obesity. We examined the effects of IER on
these outcomes by examining various IER regimens when
compared to a no intervention control group, CER, with or
without exercise groups, and other active IER regimens.

Methods

This systematic review follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Page et al., 2021).

Study Inclusion Criteria

Studies were included if they were: a RCTof any duration; had
human participants with overweight/obesity defined by a body
mass index (BMI) ≥ 25 kg/m2; contained an intervention arm
using IER regimen for weight loss; peer-reviewed journal
article; published in English; and assessed weight change. We

included studies that compared an IER intervention arm to a
control, defined as no intervention, or ad libitum dietary
pattern, and/or CER and/or other forms of IER interventions
that include exercise. Trials that assessed cardiometabolic,
inflammatory markers, and appetite and/or hunger outcomes
in addition to weight were also included. No specific inclusion
criteria for IER intervention protocols were pre-determined.
Secondary analyses of primary studies were also included.

Studies were excluded if they did not include participants
with overweight/obesity. Studies were excluded if they ex-
amined religious or cultural fasting intervention arms. RCTs
were excluded if participants studied had other underlying
health conditions (e.g., type 1 diabetes), with the exception of
type 2 diabetes mellitus or metabolic syndrome as these
underlying conditions are often co-occurring with overweight/
obesity. Abstracts, periodicals, reviews, chapters of books,
manuals, theses, dissertations, manuals, magazines, reports,
orals, posters, or articles not in English were excluded.

Search Strategy

A keyword search was performed in PubMed, CINAHL,
Embase, and PsycInfo. Electronic databases were searched
from inception to July 2, 2020. An initial search was conducted
on PubMed to find relevant published studies and reviews on
IER and obesity or weight loss. Relevant IER key terms were
extracted, searched through PubMed, and combined to create
the finalized search syntax (Supplementary Table 1).

Titles and abstracts were screened against the study se-
lection criteria. Potentially relevant articles were retrieved and
evaluated at full text. Reference lists of previously conducted
systematic reviews and records eligible for full text screening
were reviewed for relevant studies to ensure the inclusion of
all eligible records.

Data Extraction

A standardized data extraction form was used to collect in-
formation on methods, study characteristics, and outcome
variables. The following data were extracted from studies that
met inclusion and exclusion criteria: author, year of publi-
cation, location intervention regimens, sample size, partici-
pant characteristics (e.g., number of participants, age, sex,
race/ethnicity, BMI), variables assessed, time of assessment,
outcomes, attrition, and follow-up data provided in secondary
analyses if available. Outcomes assessed include anthropo-
metric (weight, waist circumference, body fat percentage, fat
mass, lean mass, fat-free mass [FFM], resting metabolic rate
[RMR]), cardiometabolic (systolic and diastolic blood pres-
sure, heart rate, fasting glucose, fasting insulin, hemoglobin
A1c [HbA1c], homeostatic model assessment of insulin re-
sistance [HOMA-IR], total triglycerides, total cholesterol, low
density lipoprotein [LDL], high density lipoprotein [HDL]),
inflammatory (high sensitivity c-reactive protein [hs-CRP],
interleukin-6 [IL-6], interleukin-8 [IL-8], interleukin-10 [IL-
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10], interferon-gamma [IFN-γ], tumor necrosis factor-alpha
[TNF-}]), appetite (leptin, resistin, ghrelin, adiponectin,
brain-derived neurotrophic factor [BDNF]), and hunger.
Studies were classified as short-term if weight loss phase
was <24 weeks. Studies were classified as long-term if there
were longer-term weight loss results ≥24 weeks in duration.
Follow-up data was analyzed separately as no intervention
was provided during this period of time.

Study Quality Assessment

A risk of bias assessment was conducted using the Cochrane
risk of bias tool for randomized trials on the primary articles of
RCTs that met inclusion and exclusion criteria (Sterne et al.,
2019). The following domains were assessed: bias arising
from the randomization process, bias due to deviations from
intended interventions, bias due to missing outcome data, bias
in measurement of the outcome, and bias in selection of the
reported result. Each domain was rated low, high, or some

concerns of bias and an overall risk-of-bias judgement was
determined. Two assessors independently rated each article
and disagreements were reconciled by discussion.

Results

Study Characteristics

There were 552 records identified through the database search.
Due to the small number of results in PsycInfo, only IER
search terms were utilized to ensure inclusion of all studies
that met our criteria. In total, 380 titles and abstracts were
screened against inclusion and exclusion criteria after the
removal of duplicates. Figure 1 summarizes the screening
process and reasons for exclusion. A total of 42 articles were
included in this systematic review with a total of 27 RCTs.
There were 15 articles that published results from secondary
analyses for eight of these RCTs. Common types of IER diets
were alternate day fasting (ADF), 5:2 diet, week-on-week-off

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses Flow Diagram.
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(WOWO) diet, and time restricted feeding (TRF; Table 1).
Thirteen RCTs focused on a form of the ADF diet regimen,
nine on a form of the 5:2 diet, three on a form of the WOWO
diet, one on a form of TRF, and one RCT focused on a 6:1
(6 days of energy restriction with one fasting day) diet.

RCTs were conducted in eight different countries: United
States (n = 9), Australia (n = 8), Germany (n = 2), Iran (n = 2),
Norway (n = 2), United Kingdom (n = 2), Korea (n = 1), and
New Zealand (n = 1; Table 2). RCTs ranged from a total
duration of 7.5–104 weeks with a range of 22–332 total
randomized participants. In short-term trials, the attrition for
IER ranged from 0% to 37.5%. In long-term trials, the attrition
for IER ranged from 4.1% to 58.5%. The mean age for each
study ranged from 33.5 to 68.0 years. Most participants were
female. Across the 27 RCTs, the mean BMI reported in each
study ranged from 25.8 to 39.5 kg/m2 and weight from 71.1 to
114.0 kg at baseline. Study protocols differed in terms to diet,
physical activity, provision of food, and behavioral support
(Supplementary Table 2).

Anthropometric Outcomes

Intermittent Energy Restriction Versus Control. There were sig-
nificantly greater improvements in weight in IER relative to a
no intervention control group in most studies in the short-term
(8 of 9) and long-term (2 of 2; Table 3). Of the studies that
found significant weight improvements in IER in the short-
term, three studies scored low risk of bias, three studies scored
some concerns, and two studies scored high risk of bias.
Greater improvements in fat mass in IER were reported in
three (#5 a; #11; #21) out of five RCTs over the short-term.
However, no significant between group differences were
found in the long-term. Over the short-term, one RCT (#27)
showed significantly less improvement in lean mass compared
to a control group but no significant long-term differences
were observed. However, greater improvements in long-term
body fat percentage in ADF compared to control was shown
by one study (#8 e). No significant between group differences
were observed in waist circumference or FFM over the short-
or long-term, and no studies examined RMR.

Intermittent Energy Restriction versus Continuous Energy
Restriction. Nine (#2; #3; #4; #6; #9; #16; #18; #19 b; #24) out

of 13 studies found that relative to CER, IER resulted in
similar short-term weight loss (Table 4). Four (#1; #5 a, b; #7;
#23) out of 13 RCTs showed significantly greater improve-
ments in weight in IER compared to CER over the short-term
(Table 4). No significant between group differences in weight
loss was observed over the long-term between IER and CER.
Significantly greater weight improvements in IER than CER
during follow-up were observed in one (#23) out of five RCTs.

Results for waist circumference and fat mass were mixed
though most studies showed no benefit of IER relative to CER
on changes in body fat percentage (#2; #16; #15 a), lean mass
(#3; #8 a, c, d; #25 a), FFM (#2; #4; #5 a; #6; #7; #8 b; #14;
#15 a; #16, #23), or RMR (#2; #3; #4; #14; #19 a) in the short-
or long-term. Significantly greater improvements in waist
circumference were observed in IER in two (#1; #7) out of five
RCTs when compared to CER over the short-term. Two (#5 a;
#7) out of eight RCTs showed greater improvements in fat
mass in IER. However, no significant between group differ-
ences in waist circumference (#14; #17; #18; #19 a; #24) or fat
mass (#8 a, b, c, d; #14; #15 a; #25 a) was observed over the
long-term. One study (#23) observed greater IER improve-
ment in RMR in comparison to CER after adjusting for FFM
and fat mass over the short-term. No significant between group
differences were found for waist circumference, body fat
percentage, fat mass, lean mass, FFM, or RMR between IER
and CER during follow-up. However, one study (#3) observed
significantly greater improvements in lean mass percentage
and fat mass percentage in IER when compared to CER during
follow-up.

Intermittent Energy Restriction versus Exercise. Three (#9; #10 a,
b, c; #11) studies that compared ADF to an exercise-alone
intervention group found no between group differences in
weight loss (#9; #10 a, b, c; #11), waist circumference (#10 a,
b, c), body fat percentage (#11), fat mass (#10 a, b, c; #11), or
FFM (#10 a, b, c). Two (#10 a, b, c; #11) RCTs that compared
ADF with exercise with an ADF, exercise-alone, or
control group found mixed results. One RCT (#10 a, b, c)
found significantly greater improvement in weight, waist
circumference, and fat mass in the ADF with exercise
group than the ADF, exercise-alone, or control group.
However, one study (#11) found no significant between
group differences in weight, body fat percentage, and fat

Table 1. Common Types of Intermittent Energy Restriction Diets.

Type of Intermittent Energy
Restriction Diet Description

Alternate Day Fasting (ADF) A type of eating pattern with alternating fasting (none or little energy intake) and feasting (full energy or
ad libitum intake) days

5:2 A type of eating pattern with two consecutive or nonconsecutive fasting days and 5 days of full energy
or ad libitum intake

Week-On-Week-Off (WOWO) A type of eating pattern with alternating weeks of energy restriction and full energy or ad libitum intake
Time Restricted Feeding (TRF) A type of eating pattern with a restricted ad libitum eating period throughout the day
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mass when ADF with exercise is compared with the ADF
or exercise-alone group.

Comparisons of Different Types of Intermittent Energy Restriction
Diets. Five RCTs (#5 a, b; #12; #13 a, b, c, d; #22; #26 a, b)
examined modified IER diets over the short-term. No sig-
nificant between group anthropometric differences were ob-
served when comparing different mealtimes (#12), high- or
low-fat diet (#13 a, b, c, d), or consecutive versus noncon-
secutive fasting days (#22). When comparing an ADF group
that provided 70% of energy needs and an ADF group pro-
viding 100% of energy needs, greater improvements in weight
(#5 a, b), waist circumference (#5 b), and fat mass (#5 a, b)
were observed in the ADF group that provided 70% of energy
needs. No significant between group differences were found
for FFM (#5 a). One study (#26 a, b) observed that a 6-day
liquid diet with one fasting day had significantly greater
improvement in weight (#26 a, b) and waist circumference
(#26 b) than a 6-day food diet with one fasting day regimen.
No significant between group differences were found in FM
and FFM (#26 a, b).

Cardiometabolic

Intermittent Energy Restriction versus Control. Most studies
found no significant differences in systolic and diastolic blood
pressure (#5 a; 8 a, d; #10 a, c; #18; #20; #27), heart rate (#8 a,
d; #10 a, c; #20), fasting glucose (#5 a; #8 a, b, d, e; #10 a, c;
#11; #18; #21; #27), fasting insulin (#8 e; #10 a, c; #11; #18;
#27), HbA1c (#27), triglycerides (#5 a; #10 a, c; #11; #18;
#27), total cholesterol (#5 a; #8 a, d; #9; #10 a, c; #18; #20),
LDL (#5 a; #10 a, c; #11; #18; #20; #27), and HDL (#5 a; #9;
#10 a, c; #11; #18; #20; #27) outcomes when IER is compared
to a no-intervention control group in the short- or long-term
(Table 3). One (#8 e) out of seven RCTs found greater im-
provement in fasting glucose when compared to a control
group over the short-term but no long-term effects were ob-
served. Significantly greater improvement in fasting insulin
was observed in one (#20) out of seven RCTs in IER when
compared to a control group over the short-term but one (#5 a)
RCT found significantly less improvement in fasting insulin in
IER. Over the long-term, one (#8 a, b, c, d, e) out of two RCTs
found significantly greater fasting insulin improvements in
IER. Two (#8 e; #20) out of six RCTs found significantly
greater improvement in HOMA-IR in IER when compared to
a control group over the short-term but no significant between
group differences are observed in the long-term. One (#9) out
of six RCTs in the short-run and one (#8 a) out of two RCTs in
the long-run found significantly greater improvement in tri-
glycerides in IER when compared to control. One (#9) out of
seven RCTs found significantly greater improvement in IER
LDL outcomes in the short-term and one (#8 a) out of two
RCTs found significant improvements over the long-term.
Greater improvement in HDL was observed in one (#8 a) out
of two RCTs when compared to a control group in the long-

term. No significant between group differences are observed in
systolic or diastolic blood pressure, heart rate, HbA1c, and
total cholesterol over the short- or long-term. One study ex-
amined follow-up outcomes and found no significant between
group differences in systolic or diastolic blood pressure,
fasting glucose, fasting insulin, triglycerides, total cholesterol,
LDL, or HDL outcomes.

Intermittent Energy Restriction versus Continuous Energy
Restriction. Most studies found that IER, relative to CER,
resulted in similar changes in systolic (#5 a; #8 a, d; #17; #18)
and diastolic (#1; #5 a; #6; #8 a, d; #14; #17; #18; #19 a) blood
pressure, heart rate (#8 a, d; #19 a), fasting glucose (#3; #5 a;
#6; #8 a, b, d; #14; #17; #18; #25 a), fasting insulin (#1; #3; #5
a; #6; #8 a, b; #14; #18), HbA1e (#15 a; #16), HOMA-IR (#1;
#5 a; #6; #8 a; #14; #18), triglycerides (#1; #3; #8 a, d; #14;
#15 a; #17; #18; #19 a; #25 a), total cholesterol (#1; #3; #8 a,
d; #9; #14; #15 a; #17; #18; #19 a; #25 a), LDL (#1; #3; #6; #9;
#15 a; #17; #18; #19 a; #25 a), and HDL (#1; #3; #6; #8 a, d;
#9; #14; #15 a; #17; #18; #19 a; #25 a) (Table 4). One (#1) out
of four RCTs showed significantly greater improvement in
systolic blood pressure IER when compared to CER over the
short-term. Over the long-term, one (#14) out of three RCTs
showed significantly greater systolic blood pressure im-
provements. IER showed significantly greater improvements
in fasting glucose in one (#1) of five RCTs when compared to
CER over the short-term. However, (#18) found significantly
less improvements in IER when compared to CER over the
short-term and no long-term effects were observed. One (#9)
out of six RCTs showed significantly greater improvements in
triglycerides in IER when compared to CER over the short-
term. However, two (#5 a; #6) RCTs showed significantly less
improvement in IER when compared to CER but no long-term
effects were observed. One (#5 a) of five RCTs found sig-
nificantly greater improvements in total cholesterol in IER
when compared to CER over the short-term with no long-term
effects. One (#5 a) out of six RCTs showed significantly less
improvement in HDL in IER when compared to CER over the
short-term. One (#5 a) out of six RCTs showed significantly
greater improvements in LDL in IER when compared to CER
over the short-term. Over the long-term, one (#8 a) out of six
RCTs found greater LDL improvements in IER. No between
group differences were observed in diastolic blood pressure,
heart rate, fasting insulin, HbA1c, and HOMA-IR over the
short- or long-term. No significant between group differences
were observed for follow-up.

Intermittent Energy Restriction versus Exercise. Mixed results
were observed in triglycerides, HDL, and LDL between three
RCTs (#9; #10 a, b, c; #11) that compared ADF to an exercise-
alone intervention group.When comparing ADFwith exercise
and an ADF, exercise-alone, or control over the short-term,
mixed results were observed for HDL outcomes. One (#9) out
of three RCTs found significantly greater improvement in
triglycerides and one study (#11) found significantly less
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improvement in ADF when compared to an exercise-alone
group. One study (#9) also found significantly greater im-
provement in LDL and significantly less improvement in HDL
in a ADF group when compared to an exercise-alone group.
No significant between group differences were observed in

systolic or diastolic blood pressure, heart rate, fasting glucose,
fasting insulin, HOMA-IR, or total cholesterol. Two (#10 a, c;
#11) of two RCTs found significantly greater HDL im-
provements in ADF with exercise group when compared to a
control group. One (#10 a, c) of two RCTs also found greater

Figure 2. Risk of Bias Assessment.
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improvements in HDL when ADF with exercise is compared
with an ADF or exercise-alone group. No significant between
group differences were found in systolic or diastolic blood
pressure, heart rate, fasting glucose, fasting insulin, HOMA-IR,
triglycerides, total cholesterol, or LDL between an ADF with
exercise group and an ADF, exercise-alone, or control group.

Comparisons of Different Types of Intermittent Energy Restriction
Diets. Differences in cardiometabolic outcomes were observed
between modified IER regimens. One study (#12) found greater
improvements in heart rate in an ADF diet that consumed a
fasting meal at lunch in comparison to consuming small meals
throughout the fasting day. No significant between group dif-
ferences between an ADF regimen with a small meal at lunch,
dinner, or throughout the fasting day were observed in systolic
and diastolic blood pressure, fasting glucose, fasting insulin,
HOMA-IR, triglycerides, total cholesterol, HDL, or LDL out-
comes. Another study (#22) found significantly less improve-
ment in total cholesterol in a consecutive fasting 5:2 diet
compared to a nonconsecutive fasting 5:2 diet. However, sig-
nificantly greater improvements in LDL were observed in
consecutive fasting days in comparison to nonconsecutive
fasting days. No between group differences were observed in
systolic and diastolic blood pressure, fasting glucose, HbA1c,
triglycerides, or HDL outcomes. No between group differences
were observed when comparing a high- and low-diet regimen
(#13 a, b, c).When comparing an ADF group that provided 70%
of energy needs and an ADF group that provided 100% of
energy needs, greater improvements in fasting glucose, HbA1c,
triglycerides, total cholesterol, and LDL were observed in the
ADF group provided with 70% of energy needs. No significant
between group differences were observed in systolic or diastolic
blood pressure and HDL outcomes (#5 a). One study (#26 a, b)
found significantly greater improvements in heart rate, total
cholesterol, and LDL outcomes in a 6-day liquid diet with 1 day
fasting group in comparison to a 6-day food diet with 1 day
fasting group. However, no significant between group differ-
ences were found in systolic and diastolic blood pressure, fasting
glucose, fasting insulin, triglycerides, and HDL outcomes.

Inflammatory

Of the 42 studies reviewed, 13 examined the effects of IER on
inflammatory markers. Ten (#5 a; #6; #7; #8 a, d; #10 a; #11;
#18; #19 a) of the 13 studies examined the effect of inter-
mittent fasting on hs-CRP (Table 3 and Table 4). Of the 10
studies, only one study (#7) reported between group differ-
ences. The study found that adherence to the ADF diet led to a
significant reduction in serum hs-CRP concentrations (mg/L)
from baseline, compared to the CER diet (�2.06 ± 1.18
vs. �0.97 ± 0.82; p = 0.03) in the short-term. There were no
between group differences found for IL-6, IL-8, IL-10, IFN- γ,
or TNF-α across studies comparing IER and CER in the short-
and long-term. No between group differences were observed
when comparing IER and a no intervention control group.

Appetite

Intermittent Energy Restriction versus Control. Few studies as-
sessed hormones and appetite outcomes (Table 3). Mixed
results were reported for leptin. One (#10 c) out of two RCTs
found greater improvements in IER when compared to a
control group in the short-term. Long-term effects were ob-
served in one (#8 b) of two studies. Studies reported no
significant between group differences for resistin, BDNF, and
adiponectin.

Two (#5 a; #18) of four studies found significantly less
energy intake in IER group in comparison to a control group.
However, two studies (#10 b; #11) found no significant be-
tween group differences in energy intake in the short-term.
One study (#5 a) measured hunger and reported lower hunger
scores during IER feed day in comparison to control during the
first week and greater hunger scores during IER fast days in
comparison to control during the last week of the study.

Intermittent Energy Restriction versus Continuous Energy
Restriction. No significant between group differences in leptin
(#3; #8 b; #18), ghrelin (#3; #4), resistin (#8 b), BDNF (#3;
#18), and adiponectin (#8 b; #18) were reported between IER
and CER in the short- or long-term (Table 4). One study (#3)
found significantly less improvement in BDNF in IER group
when compared to CER group during follow-up.

Mixed results were reported for energy intake in the short-
term and most studies report no significant between group
differences in the long-term. One (#5 a) out of six RCTs (#3;
#4; #5 a; #8 c; #18; #19 b) reported significantly lower energy
intake in IER group in comparison to CER group in the short-
term. However, one study (#3) reported significantly greater
energy intake in IER group than CER group. One study (#14)
out of three RCTs (#14; #17; #24) found significantly lower
energy intake in IER group than a CER group in the long-term.
Most studies examined reported no significant between group
differences in hunger (#2; #4), satisfaction (#16), fullness (#2;
#16), and desire to eat (#2; #4) in the short-term and only one
study (#19 a) examined hunger in the long-term. Two (#2; #4)
of three studies reported no significant between group dif-
ferences for hunger. However, one study (#5 a) reported
significantly greater hunger scores during a fast day in
comparison to CER during baseline and significantly less
hunger scores during a feed day in comparison to CER. One
study (#19 a) reported significantly greater scores for the
question “I have often felt hungry while on the diet” in the IER
group in comparison to the CER group.

Intermittent Energy Restriction versus Exercise. Greater im-
provements in leptin outcomes were observed when com-
paring ADF with exercise to ADF, exercise, or control group
and no other significant differences were observed for energy
intake or appetite outcomes (#10 c). Greater improvements for
leptin were observed in the ADF with exercise group when
compared to an ADF, exercise-alone, or control group but no
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significant between group differences were observed for
adiponectin (#10 c). No significant between group differences
in leptin or adiponectin outcomes between ADF and exercise-
alone intervention group (#10 c). The same RCT (#10 b) found
no significant between group differences in energy intake
between ADF and exercise, ADF with exercise and ADF,
exercise-alone, or control. No significant between group
differences were found in hunger, fullness, and satisfaction
when comparing ADF with exercise with ADF group in the
short-term.

Comparisons of Different Types of Intermittent Energy Restriction
Diets. Few studies examined hormones and appetite outcomes
between different types if IER diets with varying outcomes.
No significant between group differences were reported when
comparing a high- and low-fat ADF regimen for leptin, re-
sistin, and adiponectin outcomes (#13 c). Greater increase in
fullness and satisfaction were observed over time in the low-
fat ADF diet in comparison to the high-fat ADF diet (#13 c). In
a study comparing consecutive and nonconsecutive fasting
days in a 5:2 diet, no significant between group differences
was reported for energy intake (#22). Another study com-
paring a6-day liquid diet with 1 day fasting group with a 6-day
food diet with 1 day fasting group found no significant be-
tween group differences for leptin (#26 a, b) or adiponectin
(#26 a).

Risk of Bias Assessment

Of the 27 RCTs, seven studies scored low risk of bias, 11
scored some concerns, and nine studies scored high risk of
bias (Figure 2). Most studies scored low risk of bias in bias
arising from the randomization process, measurement of the
outcome, and selection of the reported results. Two studies
(#20; #21) scored some concerns in the randomization process
due to limited information on randomization and allocation
methods reported in the research article. One study (#3) scored
high risk of bias in randomization due to weight differences in
baseline characteristics of the participants. One study (#11)
scored high risk of bias in the selection of the reported result as
only weight outcomes of individuals who have agreed to
complete a sterol examination were reported. Eight studies
(#3; #6; #13 a; #15 a; #16; #18; #19a; #26 a) scored some
concerns and six studies (#1; #4; #5 a; #12; #14; #24) scored
high risk of bias due to deviations from intended interventions.
All participants were aware of their assigned intervention due
to the nature of IER regimens. Studies scored some concerns
or high risk of bias due to the number of participants excluded
from the final analysis, non-adherence to the intended diet,
and/or type of analysis used to estimate outcomes if partici-
pants adhered to the diet. Eight studies (#5 a; #6; #7; #9; #14;
#21; #23; #26 a) scored some concerns and 4 studies (#4; #11;
#15 a; #24) scored high risk of bias due to missing outcome
data based on high attrition and reasonings for participant
drop-out related to the intervention.

Discussion

The aim of this systematic review was to examine short- and
long-term effects of IER in participants with overweight and/
or obesity. Short-term benefits of IER observed include im-
provements in weight and fat mass. However, long-term
benefits were observed for weight only. When compared to
a no-intervention control group, IER resulted in positive short-
term effects in weight and fat mass. Few studies reported
positive outcomes for glucose, insulin, HOMA-IR, triglyc-
erides, LDL, and leptin that were sustained in the long-term.
No significant differences in inflammatory markers were
found. Few studies observed significant differences between
CER and IER in anthropometric, cardiometabolic, inflam-
matory, energy intake, and appetite outcomes. This suggests
similar benefits of CER and IER interventions for participants
with overweight obesity.

Out of the 27 RCTs included in our review, 19 RCTs were
also studied in previous systematic reviews. Previous sys-
tematic reviews found significant weight loss when comparing
IER with a control group and no significant difference when
comparing IER with CER. Harris et al. (2018) found sig-
nificant weight loss and fat mass reduction in IER when
compared to a control group. Our results also indicate con-
tinuous weight loss over the short- and long-term with
improvements in fat mass in the short-term. However, more
research is needed for long-term effects of IER in fat mass.
Harris et al., 2018 also found no significant improvements in
cardiometabolic outcomes. Previous systematic reviews found
no significant differences in weight loss between IER and CER
regimens (Cioffi et al., 2018; Harris et al., 2018; Lima et al.,
2020) and significant improvement in fasting insulin outcomes
(Cioffi et al., 2018; Harris et al., 2018). Our results also show no
significant differences in both the short- and long-term inweight
loss. However, improvements in fasting insulin were not ob-
served in the short- or long-term. Similarly, anthropometric and
other cardiometabolic outcomes in IER were not significantly
different from CER (Cioffi et al., 2018; Harris et al., 2018).

Adherence to daily calorie restriction decreases over time
(Dansinger et al., 2005; Moreira et al., 2011). Barriers to
dietary adherence are behavioral fatigue and feelings of
deprivation (Bray &Wadden, 2015; Forman & Butryn, 2015).
IER protocols have been designed to address adherence issues
by prescribing restriction on select days, rather than daily.
However, we found little evidence that overall, IER is easier to
adhere to than CER. CER and IER resulted in similar weight
loss when isocaloric energy deficits were prescribed. Attrition
rates were variable in the reviewed studies, ranging from 0.0%
to 58.5% in IER intervention groups. More research is needed
to address the sustainability of IER. Additionally, results
suggest that IER may be beneficial for a certain subset
population as positive outcomes, such as weight loss, is ev-
ident in IER regimens. However, characteristics of this subset
have yet to be identified. Further studies are needed to identify
characteristics of participants who may benefit from IER
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rather than CER. This may include certain genetic, environ-
mental, or behavioral factors that contribute to greater success
in utilizing IER for weight loss for individuals with over-
weight obesity.

“Metabolic switching” is hypothesized to improve body
composition during weight loss in IER. Lean muscle mass
may be preserved as the body switches from utilization of
glucose to fatty acid and fatty acid-derived ketones for
metabolism (Anton et al., 2018). Our findings indicate sig-
nificant reductions in weight and fat mass with no significant
reductions in lean mass or FFM in the short-term in IER when
compared to a control group. This suggests preservation of
lean or FFM with reductions in fat mass over a short-term IER
regimen in individuals with overweight and/or obesity. Chow
et al. 2020 found significant reductions in lean mass in their
TRE group. However, this was the only study that indicated
significant reductions in lean mass or FFM in an IER regimen.
When comparing IER and CER, no significant fat mass, lean
mass, or FFM differences were found. This suggests similar
outcomes in body composition in IER and CER in individuals
with overweight obesity.

Few studies assessed appetite outcomes and more studies
are needed to examine the safety in individuals with certain
medical conditions such as type 2 diabetes. Previous studies
reported concerns of binge eating as a result of switching
between fasting and feed states in IER. Only one study
measured binge eating among participants and found a sig-
nificant decrease overtime in IER and CER groups with no
significant between group differences (Beaulieu et al., 2020).
Assessing appetite and hunger may further help assess the
feasibility and effects of IER regimens. IER may not be
recommended for individuals with a history of binge eating
disorder and more research is needed to assess eating be-
haviors of participants during IER. IER does not seem to
produce severe negative physical adverse effects with reports
of mild symptoms such as headaches, dizziness, fatigue, and
nausea in several studies (Conley et al., 2018; Hirsh et al.,
2019; Schübel et al., 2018; Sundfør et al., 2018), suggesting
the relative safety of IER for weight loss in individuals with
overweight obesity.

The strengths of this review include a comprehensive
synthesis of RCTs on various IER regimens in individuals
with overweight obesity. Anthropometric, cardiometabolic,
inflammatory, and appetite outcomes were examined to assess
the short- and long-term benefits of IER. Limitations include
the heterogeneity of IER regimens and protocols and potential
for publication bias. Authors of studies were not contacted for
additional information and a selective number of databases
were utilized due to resource constraints.

Conclusion

In conclusion, we reviewed a total of 42 articles that reported on
27 RCTs assessing IER for weight loss. We found that IER
showed pre-to-post treatment improvements in 8 of 9 studies

that assessed weight. However, compared to CER, IER showed
no significant long-term differences in anthropometric, car-
diometabolic, inflammatory, or appetite outcomes in included
studies. More long-term studies are needed assess the benefits
of IER on health outcomes.
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