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Background: Alternate-day fasting (ADF) method is becoming more and more popular
among adults. This meta-analysis aims to evaluate the effects of ADF on adults.

Methods: Randomized controlled trials (RCTs) of ADF were searched using PubMed
(1988 to March 2020), EMBASE (1995 to March 2020), and the Cochrane Controlled
Trials Register. A systematic review was carried out using the Preferred Reporting Items
for Systematic Reviews and Meta-analyses. The datum was calculated by RevMan
version 5.3.0. The original references for relating articles were also reviewed.

Results: Seven randomized controlled trials involving 269 participants (152 in the ADF
group and 117 in the control group) were studied. In this meta-analysis, compared with
the control group, the ADF group showed statistically significant reductions in weight
(o < 0.00001) and body mass index (p < 0.00001). Besides, the ADF group showed
significant differences in terms of total cholesterol (p = 0.001), low-density lipoprotein
(o = 0.01), triglycerides (p = 0.02), fat mass (p = 0.002), lean mass (p = 0.002), systolic
blood pressure (p = 0.003), diastolic blood pressure (o = 0.007), and total calorie intake
(o = 0.007). At the same time, the analysis demonstrated that the ADF group had a same
effect compared with control group in aspects of high-density lipoprotein (o = 0.27),
homeostasis model assessment-insulin resistance (p = 0.55), and fasting blood
sugar (o = 0.09).

Conclusions: This meta-analysis suggests that ADF is a viable diet strategy for weight
loss, and it has a substantial improvement in risk indicators for diseases in obese or
normal people.

Keywords: alternate day fasting, calorie restriction (CR), body weight, weight loss, meta-analysis, randomized
controlled trials (RCT)

INTRODUCTION

It is well-established that obesity is a risk factor in some metabolic diseases, such as atherosclerosis,
dyslipidemia, and nonalcoholic fatty liver disease, and the factor could be modified (1). The energy
imbalance caused by increased calorie intake and decreased physical activity is an important reason
for adult obesity (2). Among them, the long-term excessive carbohydrate intake has the most
serious negative impact on the human body (3). Therefore, restricting calorie intake and increasing
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energy consumption are among the main methods to manage
obesity. Meanwhile, people are investigating many manners
of diet and exercise continuously for obese and overweight
individuals (4-9). Some data showed that dietary restriction and
physical exercise could maintain lean and weight loss. Of course,
restrictive diets alone can also reduce lean body weight (4, 10, 11).
Daily calorie restriction therapy is one of the most widely used
diets for obese patients. This method can reduce energy intake
by 15-40% every day (12, 13). Many people have lost weight
successfully by using daily calorie restriction regimens; however,
many obese people find it is difficult to insist on this approach
because food intake must be limited every day. So, traditional
daily calorie restriction therapy has poor compliance and long-
term compliance (14, 15).

A recent study showed that caloric restriction could extend
lifespan in rhesus monkeys (16, 17). In clinical trials, calorie
restriction could reduce the risk factors of diseases and improve
patient’s health. However, a link has been found between
continuous caloric restriction and harmful factors about human
health (18). Overall, calorie restriction has many limitations,
particularly on healthy humans. Alternate-day fasting (ADF), as
a new calorie restriction method for obesity patients, has been
proved to improve human health-related outcomes (9, 19-21).
ADF involves a “fast day” where individuals consume 25% of
energy needed, alternated with a “feed day” where subjects eat
ad libitum, with days of eating freely and to appetite (ad libitum)
(22). ADF may be an effective alternative for weight loss because
this diet only requires calorie counting every other day (21, 23).
In long-term human trials (2-3 months), ADF apparently lost
body weight by about 3-7% and decreased the risk of artery
disease and other biochemical indexes of the human body [low-
density lipoprotein (LDL) cholesterol, triglycerides (TGs), and so
on] (19, 24, 25).

According to relevant reports, obese patients with 25% calorie
intake on fast days have been proved to be safe for at least 2
months; the characteristics of few adverse incidences have also
been recognized by many people (26). In principle, some reports
showed that adverse effects of ADF were minimal, such as mild
headache or substantial hunger and light-headedness (27).

The ADF method has gotten more and more popular in the
past decade. Some books of ADF became a bestseller; to some
extent, these books also promote the popularity of weight-loss
methods (28). Hitherto, it has been published more than a million
copies in the United States and the United Kingdom (29). The
body weight fluctuations made a great influence on people’s
physiology indexes. To evaluate the effects of ADF for adults, we
performed a systematic review and meta-analysis of randomized
controlled trials (RCTs).

Abbreviations: ADE, alternate day fasting; RCTs, randomized controlled trials;
TC, total cholesterol; BMI, body mass index; LDL, low-density lipoprotein; LDL,
low-density lipoprotein; TG, triglycerides; SBP, systolic blood pressure; DBP,
diastolic blood pressure; HDL, high-density lipoprotein; HOMA-IR, homeostasis
model assessment-insulin resistance; FBS, fasting blood sugar; MD, mean
difference; OR, odds ratio; CI, confidence intervals; CR, calorie restriction.

MATERIALS AND METHODS
Study Design

A systematic review of RCTs was carried out using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
checklist (30).

Search Strategy

Our study searched PubMed (1988 to March 2020), EMBASE
(1995 to March 2020), and the Cochrane Controlled Trials
Register, looking for studies about the effect of ADF on
the metabolism of the human body. The keywords and
medical subjects are as follows: “alternate day fasting,” “calorie
restriction,” “body weight,” “weight loss,” “obesity,” “non-obese
humans,” “exercise,” “fasting,” “meal replacement,” and “RCT.”
If necessary, we also contacted the author to obtain more
information about their research. Furthermore, we also reviewed

original references for including texts.

Inclusion and Exclusion Criteria
RCTs that met the following criteria were included: (a) the studies
should have a connection with the topic: the effect of ADF on the
metabolism of the human body (obese or nonobese humans), (b)
full text of the study could be provided, or (c) precise data could
be extracted, and there are similar indicators between the ADF
group and the control group in every RCT.

The following studies were excluded: (a) not RCT, such as
abstract, review, or comment or (b) incomplete data study.

Furthermore, we included the most recently published study
if studies described identical experiments. Besides, every study
would be included if different measures were evaluated. Table 1
shows the specific inclusion and exclusion criteria.

Quality Assessment

The Cochrane risk of bias tool was used to determine the quality
of the retrieved RCTs (31). The quality items were selective
outcome reporting, blinding, allocation concealment, incomplete
outcome data, random sequence generation, and other sources of
bias. A graph summarizing the risk of bias was generated based
on discussions among the authors, as shown in Figure 1. Then,
according to the guidelines published in the Cochrane Handbook
for Systematic Reviews of Interventions v.5.3.0, the studies were
classified qualitatively (32). All of the authors participated in
the quality assessment of all RCTs and agreed with the results.
Meanwhile, the differences between each RCT were bridged
through discussion among authors. All reviewers independently
assessed whether the study was suitable or not according to
the criteria.

Data Extraction

The following information was collected: (a) the general data in
the test; (b) name of the first author; (c) time of publication;
(d) the design of study and size of the sample (e.g., the
interventions between the different groups); (e) the efficacious
data that changes in the following parameters, such as weight,
body mass index (BMI), total cholesterol (TC), LDL, TG, high-
density lipoprotein (HDL), fasting blood sugar (FBS), fat mass,
lean mass, systolic blood pressure (SBP), diastolic blood pressure
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TABLE 1 | Criteria for considering studies for the review based on the population, intervention, comparator, outcomes, and study designs (PICOS) structure.

Population Intervention Comparator Outcomes Study designs
Inclusion criteria Patients with BMI more than ADF (4:3):25-30% Controls:Maintain Weight, BMI, TC, LDL, TG, RCT
17.5 kg/m? of daily their present HDL, FBS, fat mass, lean
recommend lifestyle. mass, SBP, DBP, total
energy intake or calorie intake and HOMA-IR.

refrain from calorie
completely on fast

days
Exclusion criteria People with history of Other therapy. Other therapy. Qualitative outcomes such Observational
cardiovascular disease or type 1 as patient feelings; study, letters,
or 2 diabetes, use of medications Inadequate indicators; comments,
that could affect study reviews, and
outcomes, unstable weight for 3 animal experiment.

months prior to the beginning of
the study (>4-kg weight loss or
gain), perimenopause or
otherwise irregular menstrual
cycle, pregnancy, and currently
smoking, etc.

ADF, alternate day fasting; RCT, randomized controlled trial; BMI, body mass index; TC, total cholesterol; LDL, low-density lipoprotein; TG, triglycerides; HDL, high-density lipoprotein;
FBS, fasting blood sugar; SBR, systolic blood pressure; DBFR, diastolic blood pressure; HOMA-IR, homeostasis model assessment-insulin resistance.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

® ® | ®|®| 610z 1N 1eYOr

® ® ® ® ® slozyvoud
® e e e ®| ®| 0zvAisouweg

Blinding of outcome assessment (detection bias)

Incomplete outcome date (attrition bias)

Selective reporting (reporting bias)

Other bias

QO S S e e ® cozsonoes

® O 0 O e e | ®| cozvieen
QO S S ® S| ®| .0znsmouedal)
® e e e e e ® sozny

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome date (attrition bias)

Selective reporting (reporting bias)

Other bias

25% 50% 75% 100%
[ Lowriskof bias [ ] Unclear risk of bias  [J] High risk of bias

o
X

FIGURE 1 | Risk of bias summary and graph. RCT, randomized controlled trials.
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(DBP), total calorie intake, and homeostasis model assessment-
insulin resistance (HOMA-IR). Meanwhile, our team cross-
checked references and data of each included study to ensure
there is no overlapping data.

Statistical Analysis and Meta-Analysis

The data were carried out using the RevMan version 5.3.0
(Cochrane Collaboration, UK) (32). The changes in the weight,
BMI, TC, LDL, TG, HDL, FBS, fat mass, lean mass, SBP, DBP,
total calorie intake, and HOMA-IR were analyzed concerning the
differences of each RCT between the entry and endpoint. This
meta-analysis used mean difference (MD) to evaluate continuous
data, and the odds ratio with 95% confidence intervals (CIs) was
applied to evaluate dichotomous data. The fixed-effects model
was used and considered to be homogeneous if the result was a
p-value > 0.05. We utilized the I? statistic to analyze inconsistent
results, reflecting the proportion of heterogeneity across trials. In
this meta-analysis, it is unnecessary to have ethical approval and
patient consent because all of the data were acquired from articles
that have already been published. A random-effects model would
be used in the study when the results showed p < 0.05 and I*
> 50%. Moreover, if the results of the study showed p < 0.05,
the result was deemed to be statistically significant. Meanwhile,
a subgroup analysis was conducted according to the lengths of
intervention time (ADFgw and ADFj,y) in patients (Table 2).

RESULTS

Characteristics of the Individual Studies

One hundred and thirty-two articles were discovered by retrieval
in each database. After scrutinizing their abstracts and titles,
101 studies were discontinued. Twenty-four studies were ruled
out for a lack of useful data. Finally, seven articles containing
seven RCTs (9, 19, 33-37) that analyzed the effect of ADF on the
metabolism of the human body were included in our analysis.
A detailed flowchart showing the selection process is shown in
Figure 2. Table 3 shows the baseline characteristics of the studies.

Quality of the Individual Studies

All of the seven studies included in the meta-analysis were RCT.
Figure 1 presents a graphical summary of the risk bias. Besides,
all of the studies described the randomization process. All articles
had an appropriate number of participants to analyze. The
funnel plot displayed the conclusion of a qualitative estimation
of publication bias (Figure 3).

Efficacy

Weight

Seven RCTs involving 269 participants contained meaningful
data on weight (152 in the ADF group and 117 in the control
group). A random-effects model was adopted to evaluate changes
between the two groups, showing an MD of —4.30, 95% CI: —5.54
to —3.05, P < 0.00001. It proved that compared with the control
group (Figure 4), the ADF group showed statistically significant
reductions in weight.

TABLE 2 | Subgroup analysis.

BMI Total calorie TC TG LDL HDL FBS HOMA-IR Fat mass Lean mass SBP DBP

Weight

intake

MD —-0.72, MD —2.55, MD —2.54,

MD -2.17,
95%Cl —1.88 95%CI —5.55 95%CIl —0.44 95%Cl —2.96 95%CI| —1.43 95%Cl —4.27 95%CI —3.93

MD —0.38,

MD —0.52, MD —1.90,

MD —7.46,
95%Cl
—28.06 to

MD —1.03,
95%Cl —4.29

MD —12.62,

MD —214.68,

MD —1.20,

95%Cl —1.62 95%Cl —1.44

MD —3.13,

ADFgw

95%Cl
—30.10 to

95%Cl
—464.23 to

to —0.01, to —0.83, to —1.16,

to —1.38,

to 1.19,

to —1.75,

to —0.84,

to —2.23,

to —0.96,

to —2.64,
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132 articles were identified including:
PubMed: 33 articles

EMBASE:55 articles

Cochrane Library databases: 44 articles

e

On the basis of titles and abstracts,

31 relevant articles were including.

101 studies were discontinued.

24 studies were

7 articles containing seven RCTs
that analyzed the effect of alternate day
fasting on metabolism of the human body.

k ruled out for lack of useful data.

FIGURE 2 | Flowchart of the study selection process. RCT, randomized controlled trials.

Body Mass Index

Four RCTs involving 136 participants contained meaningful data
on BMI (82 in the ADF group and 54 in the control group). A
fixed-effects model was adopted to evaluate changes between the
two groups, showing an MD of —1.20, 95% CI: —1.44 to —0.96,
P < 0.00001. The result proved that the ADF group showed
statistical differences in BMI compared with the control group
(Figure 4).

Total Calorie Intake

Four RCTs involving 138 participants contained meaningful data
on total calorie intake (72 in the ADF group and 66 in the control
group). A random-effects model was adopted to evaluate changes
between the two groups, showing an MD of —152.97, 95% CI:
—264.58 to —41.37, p = 0.007. It demonstrated that the ADF
group showed statistically significant reductions in total calorie
intake compared with the control group (Figure 4).

Total Cholesterol

Five RCTs involving 174 participants contained meaningful data
on TC (103 in the ADF group and 71 in the control group). A
random-effects model was chosen to evaluate changes between
the two groups, showing an MD of —11.32, 95% CI: —18.20 to

4.44, P = 0.001. We found significant differences between the
ADF group and the control group in the TC (Figure 5).

Triglycerides

Five RCTs involving 208 participants contained meaningful data
on TG (118 in the ADF group and 90 in the control group). A
random-effects model was chosen to evaluate changes between
the two groups, which showed an MD of —11.27, 95% CI: —20.53
to —2.00, P = 0.02. The result proved that the ADF group showed
significant differences in TG compared with the control group
(Figure 5).

Low-Density Lipoprotein

Four RCTs involving 151 participants contained meaningful data
on LDL (90 in the ADF group and 61 in the control group). A
random-effects model was adopted to evaluate changes between
the two groups, showing an MD of —5.82, 95% CI: —10.45 to
—1.19, P = 0.01. The result proved that the ADF group showed
significant differences in LDL compared with the control group
(Figure 5).

High-Density Lipoprotein
Five RCTs involving 174 participants contained meaningful data
on HDL (103 in the ADF group and 71 in the control group). A
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TABLE 3 | Study and patient characteristics.

Study Country Experimental Control Sample size Time of Inclusion criteria Exclusion criteria
group group therapy
Experimental Control (weeks)

Varady et al. (19)  Chicago ADF (4:3) Permitted to 15 15 12 BMI between 20 and 29.9  NA
eat ad libitum kg/m2; age between 35 and
every 65 years; weight stable for 3

months prior to the
beginning of the study;
non-diabetic; and not taking
weight loss, lipid or
glucose-lowering
medications.

Barnosky et al. American ADF (4:3) Maintain 21 17 24 Men and wome aged 18-65 People with history of

(34) present years with a BMI of 25-39.9 cardiovascular disease,
lifestyle kg/m?. diabetes mellitus, were

taking weight loss
medications, were not
weight stable for 3 months
prior to study initiation.

Trepanowski et al.  American ADF (4:3) Maintain 34 31 48 Men and women between  People with history of

©) present 18 and 65 years of age, with cardiovascular disease or
lifestyle a body mass index between type 1 or 2 diabetes, use of

25.0 and 39.9. medications that could
affect study outcomes,
unstable weight for 3
months prior to the
beginning of the study.

Minsuk et al. (36) Korea ADF (4:3) Permitted to 13 10 8 Aged 18-64 years; BMI NA
eat ad libitum over 23.0 kg/m?; no weight
every day variation > 5kg during the

previous 3 months; not
diagnosed with type 1 or2
diabetes mellitus; AST or
ALT levels < 200 mg/dl.

Cho et al. (35) Canada  ADF (4:3) Maintain 8 5 8 Age 20-65 years; BMImore NA
present than 23.0 kg/ m?; stable
lifestyle weight for 3 months prior to

the study; no secondary
obesity; non-diabetic; AST
or ALT levels < 200 mg/dL;
serum creatinine level < 2.0
mg/dL and so on.

Johari et al. (33) Malaysia ADF (4:3) Maintain 33 10 8 ALT > 41 and or AST > 34  People with significant
present IU/L, age that ranged from  alcohol consumption,
lifestyle 18 to 70 years old, BMI pregnancy, and involvement

between 17.5 and 40 in an active weight loss
Kg/m2 and no evidence of  program or taking weight
other forms of liver diseases. loss medications.

Stekovic et al. (37) France ADF Maintain 28 29 4 Age between 35 and 65 History of metabolic
present years; BMI between 22.0 disorder, history of
lifestyle and 30.0 kg/m2, both cardiovascular disease,

inclusive; Stable weight for 3
months prior to the study;
Stable weight for 3 months
immediately prior to the
studly.

acute or chronic
inflammatory disorder,
known malignancy.

random-effects model was chosen to evaluate changes between
the two groups, which showed an MD of —1.05, 95% CI: —2.92
to 0.83, P = 0.27. The result showed that it was no statistical
difference in terms of HDL between the two groups (Figure 5).

Fasting Blood Sugar
Four RCTs involving 144 participants contained meaningful data
on FBS (88 in the ADF group and 56 in the control group). A
random-effects model was chosen to evaluate changes between
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the two groups, showing an MD of —3.02, 95% CI: —6.52 to
0.28, P =0.09. The model showed no marked differences between
the ADF group and the control group in the change of FBS
(Figure 5).

Homeostasis Model Assessment—Insulin Resistance
Three RCTs involving 101 participants contained meaningful
data on HOMA-IR (55 in the ADF group and 46 in the control
group). A random-effects model was used to evaluate changes
between the two groups, showing an MD of —0.72, 95% CI: —3.07
to 1.63, p = 0.55. Compared with the control group, the ADF
group showed no meaningful difference in HOMA-IR (Figure 5).

Fat Mass and Lean Mass

Six RCTs involving 226 participants contained meaningful data
on fat mass (119 in the ADF group and 107 in the control group).
In terms of lean mass, five RCTs had an appropriate sample size of
172 patients (89 in the ADF group and 73 in the control group).
A random-effects model showed statistical differences between
the ADF group and the control group in the change of fat mass
(MD —4.96, 95%CI —8.08 to 1.85, p = 0.002) and lean mass (MD
—1.38,95%CI —2.26 to —0.49, p = 0.002) (Figure 6).

Systolic Blood Pressure and Diastolic Blood Pressure
Four RCTs involving 175 participants contained meaningful data
on SBP and DBP (90 in the ADF group and 85 in the control
group). A random-effects model was chosen to estimate changes
between the two groups. The result demonstrated that the ADF
group showed statistical differences in SBP (MD —4.42, 95%CI
—7.35to —1.49, p = 0.003) and DBP (MD —3.41, 95%CI —5.91
to —0.92, p = 0.007) compared with the control group (Figure 6).

Subgroup Analysis

In subgroup analyses, both ADFgw and ADF,w improved
anthropometric outcomes, such as body weight (ADFgw:
p < 0.00001; ADFjw: p < 0.00001), fat mass (ADFgw:
p < 0.00001; ADF ow: p = 0.02), and SBP (ADFgy: p = 0.004;
ADFjpw: p = 0.003). Meanwhile, comparing ADFgw and
ADFjyw with control, ADFgy performed slightly better than
ADFjyw for total calorie intake (ADFgw: p = 0.09; ADFjow:
p = 0.56) and DBP (ADFgw: p = 0.0003; ADFjow: p = 0.19),
ADFjyw performed slightly better for TC (ADFgw: p = 0.16;
ADFjow: p = 0.009), lean mass (ADFgw: p = 0.05; ADFjow:
p < 0.00001), and LDL (ADFgy: p = 0.35; ADFj2y: p = 0.0005).
No subgroup differences were observed for HDL (ADFgw:
p=0.45; ADF5w: p = 0.82) and TG (ADFgw: p = 0.53; ADFow:
p =0.08) (Table 2).

DISCUSSION

Recently, the most commonly used diet strategy for weight loss
is calorie restriction. In many parts of the world, ADF is an age-
old way that includes many forms. For example, Ramadan is a
form of ADF and abided by Muslims all around the world (38).
If someone wants to lose weight, it is generally recommended to
restrict diets and exercises in clinical practice guidelines (39, 40).
The traditional methods of losing weight (such as the daily calorie

restriction), although the effect is affirmative, the control and
compliance are poor (41). Based on this foundation, intermittent
fasting regimens, especially ADF protocols, are being proposed in
many pieces of literature (9, 19, 33-37). The important unsolved
issue is whether the effects of ADF can play a role for people who
want to lose weight.

This quantitative meta-analysis summarized the evidence
from RCTs. We performed this meta-analysis from seven
studies, including 269 participants, to evaluate the effect of
ADF on weight loss for at least 1 month. In this meta-analysis,
compared with the control group, the ADF group showed
statistically significant reductions in weight (p < 0.00001) and
BMI (p < 0.00001). In this case, we selected some meaningful
indexes of many diverse indicators to illustrate this difference
between the two groups. Here, the ADF group showed significant
differences in terms of TC (p = 0.001), LDL (p = 0.01), TG
(p = 0.02), fat mass (p = 0.002), lean mass (p = 0.002), SBP
(p=0.003), DBP (p = 0.007), and total calorie intake (p = 0.007)
compared with the control group. At the same time, the analysis
demonstrated that the ADF group had a similar effect compared
with the control group in aspects of HDL (P = 0.27) and FBS
(P =0.09). Based on our results, ADF was the positive influential
method on the physiology, body composition, and parameters for
obesity or a normal human.

For the first time, this meta-analysis suggested that ADF
is a potentially superior alternative to daily calorie restriction
in normal-weight and overweight subjects. Just the way we
assumed, the ADF strategy was effectively reduced body-related
biomarkers, such as weight, BMI, and so on. Compared with the
complete calorie restriction method, ADF had a lower capacity
for weight management. In animal experiments, weight loss can
redistribute fat in the ADF group without losing lean mass (42).
New research showed that exercise plus ADF would experience
the largest reductions in cardiometabolic risk factors, with the
least decrease in lean mass compared with ADF alone (36).
Also, it could be suggested as an alternative option for daily
calorie restriction (CR) in treating nonalcoholic fatty liver disease
(33). On the one hand, the decrease of liver enzymes might be
explained by an improvement in visceral fat or steatosis of the
liver in animal and human experiments. On the other hand,
the liver enzymes have an increased anomaly in “fast days” and
reduced in “feast days,” so this is an irreversible process (43).
The phenomenon showed that ADF could promote hepatocyte
restorative process when transient autophagy occurred to liver
cells (44). However, the exact molecular mechanisms that
underlie fasting and liver autophagy need to be further studied
and established (45).

The research suggested that ADF had effects on cardiovascular
improvements. As is known to all, alterations in cholesterol
metabolism were known to be powerful predictors of developing
cardiovascular events, even in the early stages of atherosclerosis
(46). For instance, abnormal cholesterol metabolism, including
low intestinal cholesterol absorption and elevated cholesterol
biosynthesis, played an important role in metabolic syndrome,
obesity, and diabetes (47). This diet strategy may also
have cardioprotective effects in participants by reducing
triacylglycerol and increasing LDL particle size and adiponectin
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FIGURE 6 | Forest plots showing changes between two groups in (A) fat mass, (B) lean mass, (C) systolic blood pressure (SBP), (D) diastolic blood pressure (DBP);
total calorie intake; SD, standard deviation; IV, inverse variance; Cl, confidence interval; df, degrees of freedom.

concentration. To our knowledge, the Mediterranean and certain
low carbohydrate diets help maintain a healthy weight and reduce
the risks of coronary heart disease. If ADF were combined
with a Mediterranean diet or a low-carbohydrate diet, it would
be meaningful to observe how it affects weight loss and
cardiovascular outcomes in future studies (48, 49). To improve
lipid, the combination of diet and exercise is more effective than
diet or exercise alone (50). This diet strategy may also have
cardioprotective effects in participants by reducing triacylglycerol
and increasing LDL particle size and adiponectin concentration.
Previous research has already demonstrated that glucose and
insulin have been associated with obesity. Thus, it is important
to manage and control glucose levels and insulin resistance (51).
At the same time, the significant decrease in fasting insulin may
potentially be attributed in part to the decline in body weight

and the reduction in total body fat (52). We found a significant
reduction in lean mass in the ADF group. This serves as a
caution for patient populations at risk for sarcopenia because
ADF could exacerbate muscle loss. Some studies have shown that
adequate/excessive protein consumption during weight loss can
mitigate losses in lean mass (53).

Some studies indicated that ADF is the most beneficial diet
strategy for lowering fasting insulin, glucose, and HOMA-IR.
However, there was no significant difference in insulin resistance
between the two groups. It suggested that ADF plus exercise
might reduce insulin resistance, which needs to be further
elucidated (36). Meanwhile, ADF did not result in a decline in
bone mineral density or white blood cell count. It might even
have a trend to increase bone mineral density values for a long
period (54-56). It was worth mentioning that no effect was found
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in some studies: (a) the weight of participants lost <10%; (57, 58)
(b) the sample size of RCTs that we selected was weak; (c) the
duration of the maintenance phase was absent; (d) others, such
as the time for blood sampling and so on. In a recent study
we founded, ADF likely makes little differences compared with
continuous energy restriction, but ADF probably slightly reduces
body weight and fat mass. In additional analyses, no important
differences were detected when comparing different types of ADF
(4:3 vs. 5:2; consecutive vs. nonconsecutive days) (59).

Randomized control trials suggested that ADF is effective
for weight loss, weight maintenance, and improving certain
metabolic disease risk factors such as LDL cholesterol, blood
pressure, and fasting insulin after 6 months (60). However, all
studies were limited by a lower number of included RCTs and
were often limited by also including short-term trials (<12
weeks) (61, 62).

ADF had some physiological benefits with similar daily calorie
restriction (63). Recently, true ADF that had a limited capacity
intake completely on a fast day was demonstrated and reduced
fat cell size by 35-55% in both visceral and subcutaneous adipose
tissue depots after 4 weeks in mice (64). ADF might lead to fat
redistribution from visceral to subcutaneous depots in female
mice (42). Evidence suggested that plasma adiponectin was
inversely proportional to visceral fat accumulation (65, 66). Thus,
the redistribution in body fat by ADF may be linked to increases
in plasma adiponectin observed. All in all, ADF may improve
body fat distribution and circulating adiponectin; conversely, the
diet strategy may take precautions against the development of
obesity-related diseases whether these effects can be reproduced
in clinical trials.

Several adverse events were reported in the study. Its
incidences were significantly low and slight. A small number of
participants experienced mild headaches or light-headedness in
the early days of the trial. Others reported constipation during
weeks 1 and 2 of the trial (27). This phenomenon may or may not
be linked with dietary therapy. The participants were proposed
to be consuming more fruits and vegetables on feed days. Those
clinical manifestations would gradually disappear in the course
of the experiment.

This meta-analysis included seven RCTs and concentrating
on the efficacy of ADF in participants. Compared with previous
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