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Caloric restriction is a popular approach to treat obesity and its associated chronic illnesses but is difficult to maintain for a long time.
Intermittent fasting is an alternative and easily applicable dietary intervention for caloric restriction. Moreover, intermittent fasting
has beneficial effects equivalent to those of caloric restriction in terms of body weight control, improvements in glucose homeostasis
and lipid profiles, and anti-inflammatory effects. In this review, the beneficial effects of intermittent fasting are discussed.
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Introduction

Obesity poses a public health risk worldwide because of its associa-
tion with metabolic dysregulation such as insulin resistance, hyper-
tension, dyslipidemia, and atherosclerosis [ 1,2]. Caloric restriction
(CR) without malnutrition is the cornerstone for the treatment of
obesity and its associated metabolic risk factors. It is well known
that prolonged CR reduces body weight and extends life expec-
tancy [3,4]. Moreover, CR in obese subjects improves cardiovas-
cular risk factors, insulin sensitivity, and mitochondrial function
[5-10]. However, long-term daily CR is difficult to adhere to in
practice [11].

Recently, many studies have reported that intermittent CR (in-
termittent fasting, IF) may improve dietary adherence; thus, IF has
emerged as an alternative intervention for prolonged CR, with
similar benefits in body weight reduction and chronic illness con-

trol [12-19]. IF originated from religious traditions, such as Rama-

dan fasting [20]. Muslims fast during the daytime (approximately
15 hours between sunrise and sunset) for a month during the Ra-
madan period every year. Ramadan fasting has been reported to
improve human health [21]. IF involves reduced or no caloric in-
take in an intermittent pattern, such as short periods of very re-
stricted caloric intake or fasting interspersed with normal caloric
intake. Thus, dieter intake is 0 to 500 kcal/day on fasting days. The
fasting time varies from several hours per day to a complete day.
The most studied IF interventions include 2 days of CR or fasting
per week (S5:2 diet) and alternate-day fasting (ADF) [22]. One of
the most popular variants of IF is time-restricted feeding, in which
energy intake is limited to 12 to 16 hours each day and normal ca-
loric intake during the other hours. In this review, we evaluate the
results mainly from ADF and S:2 diet trials.

Weight reduction is the primary mechanism underlying the ben-
eficial effects of IF. As shown in the results from CR, weight reduc-

tion per se reduces fasting plasma insulin levels, cardiovascular risk
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factors, and body inflammatory status by regulating metabolic sig-
naling pathways, including those involving forkhead box O
(FOXO), mechanistic target of rapamycin (mTOR), AMP-activat-
ed protein kinase (AMPK), and autophagy [ 11]. During the fed
state, signaling pathways for nutrient sensing and cellular growth
(e.g, mTOR) are activated. Stress-responsive signaling pathways
(e.g, FOXO and AMPK) are activated by fasting, resulting in the
protection from cell damage and inhibition of cell proliferation
[23,24].

An additional mechanism of IF is the metabolic switch between
fed and fasting states. Fasting, especially repetitive fasting, induces
organisms to shift their metabolic phase, which improves metabol-
ic conditions and extends health expectancy [18]. de Cabo and
Mattson [25] reported that fasting optimizes cellular use of fuel
sources, favoring ketone bodies and fatty acids over glucose, which
ameliorates the blunting of metabolic flexibility observed in obesi-
ty and type 2 diabetes mellitus (T2DM) [26] and improves mito-
chondrial function [27]. Furthermore, fasting activates autophagy
and defense mechanisms against oxidative and metabolic stress
and suppresses inflammation [28-31]. These effects of IF are simi-
lar to those of aerobic exercise [32,33]. Fasting induces glucose
and amino acid deprivation, stimulating AMPK activity and sup-
pressing mTOR signaling, which are important nutrient-sensing
signaling pathways. These changes inhibit FOXO-dependent gene
transcription, resulting in the induction of autophagy and oxidative
defense mechanisms [34] (Fig. 1). During IF, the body activates
pathways for rejuvenation and repair [19].

Overall, the general effects of IF are beneficial in terms of physio-
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Fig. 1. Possible mechanisms of intermittent fasting on health
improvement. mTOR, mechanistic target of rapamycin; AMPK,
AMP-activated protein kinase; FOXO, forkhead box O; Redox,
reduction-oxidation.

logical functions; however, some participants who participated in
IF trials experienced reductions in bone density and lean body
mass [35-38]. To preserve lean body mass, a protein-rich diet and

accompanying resistance training are recommended [39].

Effects of intermittent fasting on body
weight and composition

The human body has precise regulatory mechanisms to maintain
body weight homeostasis [40]. However, chronic caloric excess re-
sults in excessive accumulation of fat tissue (obesity) and is associ-
ated with various metabolic alterations, such as hypertension, dia-
betes, dyslipidemia, cardiovascular disease, and even some types of
cancer [41,42]; controlling caloric intake may reverse these meta-
bolic alterations. Although the cause of obesity is multifactorial, di-
etary management is a primary approach to control body weight;
thus, optimal dietary treatment should consider safety, efficacy, nu-
tritional balance, cultural acceptance, and economic status [43].
Many studies have indicated that IF is an effective and acceptable
intervention in obese subjects, including obese adolescents
[2,17,44,45].

As described above, CR has long been applied as a primary treat-
ment modality for obesity; recently, IF has appeared as an alterna-
tive dietary intervention to CR because dieters feel that IF is a
more tolerable method than CR [4,17-19,46].

According to previous clinical trials [ 10,47] and reviews [ 14,48-
50], IF (4-24 weeks) induces body weight reductions of 4% to
10% in overweight individuals [51-53]. The varying degree of
body weight reduction depends on the dietary pattern, dietary du-
ration, diet composition, sex, and genetic response. Although
some studies have shown greater body fat reductions with IF than
with CR [14,54], the majority of these studies have shown equiva-
lent effects on reductions in body weight and fat mass following IF
or CR in overweight or obese individuals [33,55].

Considering IF patterns, weight reduction effects are more pro-
found in ADF (average weight reduction of 0.75 kg per week) than
in 5:2 IF (average weight reduction of 0.25 kg per week) because of
different negative energy balances [56,57].

There were mixed results with regard to lean body mass; several
systemic reviews suggested that regular IF decreased fat-free mass
more than CR [50,58]. However, clinical trials [17,57] and other
reviews [47,49,58] indicated that IF and CR produced similar loss
of lean body mass. Moreover, Harvie et al. [ 14] found that IF par-
ticipants maintained a higher lean mass than CR participants. Ste-
kovic et al. [ 18] reported that ADF for 6 months did not reduce
fat-free mass or bone density in healthy nonobese subjects. How-
ever, a recent study showed that IF may be associated with a higher
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rate of weight regain following cessation of the 6-month weight re-
duction phase than CR in patients with complex obesity [S9]. Fur-
ther studies are needed to assess the ability to lose weight without
regaining it.

The basic mechanism of the weight loss by IF involves reduced
caloric intake. However, the change in body weight caused by 40%
CR and 2-day IF per week was not simply double that caused by
20% CR and 1-day IF per week in mice, suggesting an additional
physiological response to fasting [35]. Another mechanism of
weight reduction may be associated with the shift from glucose to
fatty acid metabolism resulting from the fasting-induced elevation
in fat mobilization and utilization [25,31]. The reduction in insu-
lin, an anabolic hormone, by IF may also be responsible for the re-
duction in body fat mass [60].

Effects of intermittent fasting on glucose
metabolism and insulin sensitivity

Obesity is currently a leading cause of the development of T2DM,
which results from insulin resistance and oxidative stress induced
by elevated blood glucose and free fatty acid levels [61]. Weight re-
duction directly improves insulin resistance and reverses these
metabolic alterations [22,62].

Although there are some inconsistent results, most studies indi-
cate that IF decreases insulin concentration and the homeostasis
model assessment for insulin resistance [51,63-65].

An TIF trial for 12 months in T2DM patients showed that body
weights, glycated hemoglobin levels, and fasting levels of glucose
and insulin were reduced with IF [47,66] and that the insulin-low-
ering effect was greater with IF than with CR [67,68]. In the dia-
betic state, IF reduces the plasma concentrations of glucose and in-
sulin and elevates adiponectin levels [2,69]. Although the primary
mechanism of these effects is mediated by weight loss, metabolic
switching following repeated feeding and fasting, and reductions in
inflammatory cytokines, reactive oxygen species, and cholesterol
may be involved [22].

The effect of IF on glucose homeostasis is different in nondia-
betic and nonobese subjects. According to a study by Stekovic et
al. [18], 4 weeks of ADF treatment did not change insulin sensitivi-
ty despite significant body weight reductions in healthy nonobese
individuals, suggesting that these participants were already in an in-
sulin-sensitive state. Moreover, Heilbronn and Ravussin [70]
showed that 3 weeks of ADF treatment suppressed glucose toler-
ance in nonobese women, while insulin sensitivity was improved
in nonobese men. Clayton et al. [71] also reported that 1 day of se-
vere CR impaired glycemic control in young lean men. This sug-
gests different responses to IF in healthy weight and obese sub-
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jects. Overall, IF has benefits on the diabetic state; however, the
risks of hypoglycemia, malnutrition of proteins and vitamins, and
dehydration have also been reported [22,47,72]. Careful monitor-
ing and adjustment of medication regimens are needed for patients
at risk.

In an animal study, IF improved glucose homeostasis by preserv-
ing pancreatic B-cell mass through the autophagy-lysosomal path-
way in diet-induced obese diabetic mice [73].

Effects of intermittent fasting on lipid
profiles and cardiovascular disease

A feature of metabolic syndrome is the clustering of metabolic al-
terations such as abdominal obesity, insulin resistance, dyslipid-
emia, atherosclerosis, and hypertension, which are associated with
the risk of cardiovascular diseases [45,74,75].

Randomized clinical trials have indicated that IF improves lipid
profiles related to weight reduction [5-10]. Klempel et al. [8]
showed that ADF decreased total cholesterol, low-density lipopro-
tein (LDL) cholesterol, and triglycerides. Trepanowski et al. [ 10]
also observed the cardioprotective effects of 6-month ADF in
obese adults. These cardioprotective effects of IF have also been
observed in obese adolescents [ 17] and nonobese subjects. Moro
et al. [38] observed lipid profile enhancement (increased
high-density lipoprotein [HDL] and decreased LDL levels) in a
2-month trial of IF in healthy men. Stekovic et al. [18] observed
that a 6-month trial of ADF in healthy nonobese subjects lowered
levels of total cholesterol, LDL, very-low-density lipoprotein
(VLDL), and triglycerides compared with the corresponding lev-
els in controls. Moreover, the authors observed a decrease in sys-
tolic blood pressure, which is consistent with studies conducted on
obese subjects [ 14,48].

The effects of IF on HDL levels have been varied. Meng et al.
[76] did not show any change in HDL cholesterol. In contrast,
Bhutani et al. [77] observed an elevation in HDL cholesterol.

The mechanisms of improving cardiovascular disease risks by IF
may result from obesity control, improved lipid profiles, elevated
adiponectin levels [69], and a suppressed inflammatory state
[78,79]. Additionally, increased hepatic fatty acid oxidation in the
fasting state results in reduced hepatic accumulation of tri-
glycerides, which sequentially decreases the hepatic production of
VLDL and plasma levels of VLDL [22,80]. Adiponectin is an adi-
pose tissue-derived adipokine that has anti-atherosclerotic and an-
ti-inflammatory effects [81]. Adiponectin was shown to be elevat-
ed by IF intervention in obese subjects [70]. In an animal study, IF
protected the heart from oxidative damage via activation of antiox-
idant defenses [82].
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Effects of intermittent fasting on
inflammation and redox balance

Macrophages infiltrate hypertrophied adipose tissue and produce
proinflammatory cytokines, including interleukin (IL)-6 and tu-
mor necrosis factor-alpha (TNF-a) [83-85], which induce insulin
resistance and atherosclerosis and are linked to low-grade systemic
inflammation [86,87]. The plasma concentrations of these inflam-
matory cytokines parallel the degree of obesity and are positively
correlated with insulin resistance [85]. Systemic inflammation is
linked to the pathogenesis of T2DM, cardiovascular diseases, and
some types of cancers [88,89]. Thus, systemic inflammatory mark-
ers can predict the development of these metabolic disorders [85].

Body weight reduction decreases adipose tissue macrophages
[90], reduces proinflammatory cytokines [83,88,91-95], and im-
proves insulin resistance and systemic inflammatory status [86].
Several clinical trials have shown that IF intervention improves in-
flammatory status in obese subjects and is associated with reduc-
tions in plasma levels of IL-6, TNF-a, C-reactive protein (CRP),
and interferon-y [60,96]. Wang et al. [42] revealed that IF inter-
vention decreased CRP levels without changes in IL-6 and TNF-a
compared with the corresponding levels in controls in a systematic
review of 18 randomized controlled trials. However, there have
been some inconsistent studies. Liu et al. [96] reported that IF in-
creased macrophage infiltration in adipose tissue by fasting in over-
weight or obese women, which may be associated with elevated
adipose tissue lipolysis. Schiibel et al. [33] did not observe any
changes in IL-6 and TNF-a levels after 12 weeks of IF in random-
ized controlled trials with obese women.

Conclusion

IF has emerged as an alternative dietary intervention to CR, with
equivalent benefits in body weight reduction, improvements in
glucose homeostasis and lipid profiles, and anti-inflammatory ef-
fects. The beneficial effects of IF are mediated by reductions in
body weight. Weight loss per se improves insulin resistance, cardio-
vascular risks, and systemic inflammatory status because obesity
functions as a common pathophysiology of these metabolic alter-
ations, the “common soil hypothesis” [97]. Moreover, the insu-
lin-lowering effect is greater in IF than in CR resulting from fasting
physiology, in which repetitive metabolic switching between feed-
ing and fasting states improves the metabolic flexibility that is
blunted in obesity and T2DM.

Although the general effects of IF are beneficial in terms of meta-
bolic functions, some participants who participated in IF trials ex-
perienced reductions in bone density and lean body mass. Thus,

careful monitoring, a protein-rich diet, and accompanying isomet-
ric resistance training are recommended to preserve lean body

mass and bone density.
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