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Abstract: Obesity is a disease defined by an elevated body mass index (BMI), which is the result
of excessive or abnormal accumulation of fat. Dietary intervention is fundamental and essential
as the first-line treatment for obese patients, and the main rule of every dietary modification is
calorie restriction and consequent weight loss. Intermittent energy restriction (IER) is a special type
of diet consisting of intermittent pauses in eating. There are many variations of IER diets such as
alternate-day fasting (ADF) and time-restricted feeding (TRF). In the literature, the IER diet is known
as an effective method for bodyweight reduction. Furthermore, IER diets have a beneficial effect
on systolic or diastolic pressure, lipid profile, and glucose homeostasis. In addition, IER diets are
presented as being as efficient as a continuous energy restriction diet (CER) in losing weight and
improving metabolic parameters. Thus, the IER diet could present an alternative option for those
who cannot accept a constant food regimen.

Keywords: obesity; intermittent fasting; weight loss

1. Introduction

Obesity is a disease defined by an elevated body mass index (BMI), which is the result
of excess or abnormal accumulation of fat [1]. The data show that more than 600 million
people worldwide were obese in 2015 [2]. The problem with excessive body weight is still
growing, and in 2019, about 52.7% of the European Union’s population was overweight [3].
Obesity can lead to many chronic diseases such as type 2 diabetes, hypertension, and
obstructive sleep apnea and can increase the risk of cardiovascular events. As well as this,
it increases the risk of cancer for at least 13 parts of the body [4–6]. According to global
data, in 2017, obesity was a cause of premature death for 4.7 million people [7]. Moreover,
today, obesity has become the most important factor increasing mortality among patients
with SARS CoV-2 infection [8].

Adipose tissue is known as an endocrine organ, consisting mainly of adipocytes,
progenitor cells, and interstitial fibroblastic cells [9]. On the basis of different characteristics,
adipose tissue is divided into subgroups. White adipose tissue (WAT) stores excess energy
as fatty acids, while brown adipose tissue (BAT) is responsible for thermogenesis and
has an influence on insulin sensitivity and glucose homeostasis [10,11]. “Beige” adipose
tissue is another type, in which brown adipocytes arise within white adipose depots with
thermogenic properties [12]. One of the most important factors derived from adipose
tissue is adiponectin, which is responsible for the homeostasis of glucose and fatty acids.
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Adiponectin decreases glucose blood level by stimulation of glucose uptake by muscles,
improvement of insulin sensitivity, or a reduction in hepatic glucose production [13]. In
addition, regulation of lipid profile occurs through increasing the high-density lipoprotein
(HDL) concentration and decreasing triglycerides [14]. Obesity is associated with an
excessive amount of lipids, which are stored in adipocytes, resulting in their enlargement.
Adipocyte capacity is limited, and exceeding the threshold results in molecular changes,
dysfunction in adipocytes, and impaired production of factors derived from adipocytes [15].
Obesity triggers alterations in the quantity and quality of various types of cells that reside in
adipose tissue, including adipose stem cells (ASCs). These alterations in the functionalities
and properties of ASCs impair adipose tissue remodeling and adipose tissue function,
which induces low-grade systemic inflammation, progressive insulin resistance, and other
metabolic disorder [16].

Dietary intervention is fundamental and essential as the first-line treatment for obese
patients, and the principal rule of every dietary modification is caloric restriction and
consequent weight loss [17]. Yet, there are a wide variety of different diets, varying by the
content of macronutrients; one universal diet does not exist. Intermittent energy restriction
(IER) is a special type of diet consisting of intermittent pauses in eating (intermittent fasting
(IF)). IER differs from continuous energy restriction (CER) by the specific time spent on
fasting. There are many variations in IER diets such as alternate-day fasting (ADF) (Figure 1)
and time-restricted feeding (TRF) (Figure 2); the main differences between them are the
different times spent fasting and spent without restriction [18,19]. ADF consists of alternate
fast days, three to four times a week, while TRF is characterized by food consumption in
restricted hours with different variations in the duration of fasting time.
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Fasting induces the expenditure of glucose circulating in the bloodstream and glycogen
in the liver, along with a change in energy intake from glucose metabolism to fat-derived
ketone bodies and free fatty-acid metabolism [20]. During fasting, fatty acids and glycerol
are the main sources of energy. The liver is responsible for transforming fatty acids into
ketone bodies, which are the main metabolic substrate of the brain. Ketone bodies play an
important role in maintaining health and delaying aging processes, while they induce the
production of many proteins, which regulate many signaling pathways such as polymerase
1 (PARP1), nicotinamide adenine dinucleotide (NAD+), peroxisome proliferator-activated
receptor γ coactivator 1α (PGC-1α), and peroxisome proliferator-activated receptor α

(PPAR-α). As a result, ketone bodies improve glucose regulation with abdominal fat loss
and regulate cardiological parameters such as blood pressure and heart rate [20]. Moreover,
fasting increases the antioxidant concentration and mitochondrial stress resistance. It is
also responsible for inhibiting the mammalian target of the rapamycin (mTOR) protein-
synthesis pathway. As a result, damaged cells, proteins, and mitochondria are more
efficiently recycled [21].

If implemented among rodents with metabolic syndrome, it induces increased insulin
sensitivity and a reduction in abdominal fat, blood pressure, and inflammation [22,23].
Moreover, in addition to normalization of the insulin level, among rodents with metabolic
syndrome, the effect on leptin and adiponectin levels reverses their abnormalities [24]. In
addition, IF has a beneficial effect on the gut microbiota, which can be essential to protect
against the occurrence of metabolic syndrome [25]. Animal model studies with an IF diet
group (especially ADF and TRF) and a control group fed ad libitum revealed lower body
weights among the experimental group [26]. Furthermore, the IF diet had other health
benefits among rats, such as prolonging their lives [27] and maintaining cognitive function
during aging [28].

In humans, IF regimens have a beneficial effect on body weight and metabolic pro-
file. In addition, fasting improves the availability of endogenous neurotransmitters and
stimulates the exertion of endogenous cannabinoids and endorphins [23]. IER reduces
proinflammatory and oxidative stress factors, and additionally, it improves insulin sensi-
tivity and glucose uptake by cells [20]. The reduction in body fat was observed not only
among obese participants but also among normal-weight men and women after three
weeks of ADF [29].

2. The Influence of IER on Humans
2.1. The Influence on Body Mass, Fat Mass, and Ectopic Fat

Body weight loss should be achieved mainly by reducing fat mass (FM) with the
preservation of fat-free mass (FFM), which is metabolically active [30]. Yet, excessive
reduction in FFM contributes to decreasing metabolism activity and, consequently, slowing
body weight loss, potentially triggering a gain in weight [31].

In the literature, the IER diet is known as an effective method of body weight reduction
(Table 1). The available trials are characterized by different durations, with the dietary
intervention ranging from two weeks to as many as two years; however, most of the studies
last 10–12 weeks. The reduction of circa 5 kg among IER diet groups is most commonly
reported after 10–12 weeks of a trial [32–34], while shorter or longer durations of study
have resulted in, respectively, smaller or greater weight losses [35,36]. There have been a
few surveys in which an IER intervention did not induce a reduction in body mass weight;
however, the possible explanation for obtaining such a result could be the short interval
of the experiment or the small number of participants [37–39]. The participants in the
mentioned studies presented BMI values that ranged from normal to overweight or obese.
Surprisingly, the IER diets did not provoke compensatory food overintake on nondiet days;
instead, they induced a consequent reduction of calorie intake by about 25% on nonfasting
days [40,41].
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Table 1. Characteristics of included studies on body weight changes among patients on diets based on
intermittent energy restriction (IER) such as alternate-day fasting (ADF) and time-restricted feeding (TRF).

ADF

Characteristic of
Group

Dropout
Rate Composition of Diet Time of

Therapy
Effect on Body

Weight

Heilbronn
et al., 2005

[25]

16 patients
with BMI ranging

from 20 to 30 kg/m2
-

Fasting days had 0% of energy
intake, doubling the energy

need on nonfasting days
3 weeks Reduction of FM and

FFM

Halberg et al.,
2005 [27] 8 overweight males -

Fasting days had 0% of energy
intake for 20 h, with ad

libitum intake on feeding
days and at all other

times

2 weeks Lack of bodyweight
reduction

Varady et al.,
2009 [31]

16 obese patients:
12 females; 4 males -

Fasting days met 25% of energy
needs, and the following days

were ad libitum
8 weeks Reduction of BW of

5.8 kg +/−1.1 kg

Varady et al.,
2013 [32]

12 overweight/obese
males and females;

15 controls

7% IER
7% control

Fast days had 25% of energy
intake, and the following days

were ad libitum
12 weeks

Reduction of body
weight and FM, FFM

with no change

Harvie et al.,
2013 [22]

75 overweight/obese
females (IER-A: 37;

IER-B: 38)

11% IER-A
26% IER-B

IER-A: fasting days had 30%
intake of energy needs for 2

days/week and CER diet for 5
days/week

IER-B: fasting days had 30% of
energy intake plus 250 g of

protein-rich food and CER diet
for 5 days/week

17 weeks
Similar reductions of

body weight, FM, and
FFM in both groups

Bhutani et al.,
2013 [23]

Obese male and
females: 25 IER; 18
IER + EX; 24 EX; 16

controls

36% IER
33% EX

11% IER + EX

IER fasting days met 25% of
energy needs, and the following

days were ad libitum
EX: 3 times/week

12 weeks

Reduction of body
weight in every

intervention group:
IER + EX (6 ± 4 kg) >

IER (3 ± 1 kg) =
EX (1 ± 0 kg)

TRF

Characteristic of
Group

Dropout
Rate Composition of Diet Time of

Therapy Effect

Gill et al.,
2015 [35]

8 participants
overweight/obese:
5 males; 3 females

-
10 h eating period including

nonwater beverages, with 14 h
fasting window per day

16 weeks Reduction of body
weight by about 3.6%

Wilkinson
et al., 2020

[36]

19 participants with
obesity: 6 females;

13 males
- 10 h eating period, with 14 h

fasting window per day 12 weeks Reduction of body
weight by about 3%

Peeke et al.,
2021 [38]

79 participants: 39
on TRF 12:12; 29 on

TRF 14:10

30% Group 1
30% Group 2

Group 1: 12 h eating period,
with 12 h fasting period per day

Group 2: 10 h eating period,
with 14 h fasting period per day

8 weeks

Reduction of body
weight by about 7.1%
among Group 1 and
about 8.5% among

Group 2; the difference
was not statistically

significant

Gabel et al.
[37]

23 participants with
obesity - 8 h eating window, with 16 h

fasting period per day 12 weeks
Reduction of body

weight by about 2.6
+/−0.5%
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Table 1. Cont.

Cienfuegos
et al. [39]

58 obese participants:
19 in Experimental

Group 1; 20 in
Experimental Group
2; 19 in control group

Experimental
Group 1: 5%
Experimental
Group 2: 15%
control group:

26%

Experimental Group 1: 4 h
eating window, with 20 h

fasting period per day
Experimental Group 2: 6 h
eating window, with 18 h
fasting window per day

10 weeks (2
weeks of

body weight
stabilization
and 8 weeks

of TRF)

Significant
reduction of body

weight among
both intervention
groups compared

to controls: 3.2
+/−0.4% weight

loss among Groups
1 and 2

Note: BMI, body mass index; FM, fat mass; FFM, free fat mass; CER, continuous energy restriction; EX, exercise.

The surveys based on implementing ADF among intervention groups consisted of
periods called “fasting days” with severe energy restriction, with a usual intake of 25% of
the energy required, and consequent alternating “feed days”, with no energy restriction
or slight energy restriction and eating “ad libitum”. Varady et al. presented how an eight-
week ADF diet induced a reduction of body weight by about 5.8 +/−1.1% among obese
patients [42]. Moreover, subsequent research by the author reported that a 12-week ADF
diet induced a decrease in FM while preserving FFM, which is essential for maintaining
proper metabolism [43]. According to Soenen et al., the preservation of FFM depends not
on the energy restriction but rather on the protein content of a diet [44]. Reduction of FM
during the ADF diet was also reported by Harvie et al., but in this case, FFM was also
reduced, even with an extra portion of protein-rich food [33]. Bhutani et al. conducted
a trial comparing the effect of an ADF diet and exercise on body weight and different
psychological aspects, in which patients were divided into four subgroups: diet group,
exercise group, mixed group, and control [34]. Twelve weeks of intervention showed the
greatest weight loss among the mixed group, with a similar reduction in body weight
among the exercise and diet groups. Surprisingly, satisfaction and fullness were the highest
among the diet group, while the feeling of hunger was the weakest among the diet group,
with no change among the other groups. In every intervention group, the frequency of
uncontrolled eating decreased.

Recent trials with TRF diets were characterized by a different length of the time-of-
eating window, varying from 4 to 10 h per day in which participants could eat, and then
they fasted for the rest of the day. Fasting periods usually start during the late evening
or nighttime [45]. Implementation of TRF with 10 h of eating for 16 weeks induced 3.6%
weight loss [46] and, for 12 weeks, induced 3.0% weight loss [47] among overweight,
healthy individuals. In addition, according to self-assessment, a significant improvement
in energy level and sleep satisfaction was observed [48]. Peeke et al. performed a trial with
two subgroups on the TRE diet, differing from each other in the duration of the fasting
period; the first combination consisted of 14 h of fasting, starting after dinner and lasting till
8 a.m., and the second had a 12:12 schedule [49]. Comparing two TRE subtypes followed for
eight weeks did not demonstrate significant differences in body weight reduction between
them, but in both groups, weight loss was significant compared to the baseline. In recent
trials with 12 weeks on an 8 h TRF diet, the weight loss among obese women and men was
about 2.6% at the end of the trial [41]. Shortening eating intervals to 4 or 6 h induced a
similar reduction in body weight as in the studies mentioned above, i.e., 3% [50]. Moreover,
according to Cienfuegos et al., there was no difference in body weight reduction between
the groups with the 4 or 6 h TRF diet.

Lately, it has been postulated that intermittent fasting (IF) can have an impact on
ectopic fat, which might contribute to increased atherosclerosis and cardiometabolic risk.
Ectopic fat depositions, defined as the accumulation of triglycerides within cells or some-
times around nonadipose tissues (i.e., liver, skeletal muscle, pancreas, heart), are at the
center of metabolic health derangements [51,52].
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In a study estimating the effects of alternate-day fasting vs. daily calorie restriction,
a reduction in the visceral fat mass after 6 or 12 months of AMDF was shown compared
to a non-food-restricted control group. However, this change was comparable to that of a
continuous daily calorie restriction group [53].

Similarly, in another study [54], it was shown that 12 weeks of twice-weekly fasting
or a low-carbohydrate high-fat diet were superior to the standard of care intervention in
reducing hepatic steatosis in patients with nonalcoholic fatty liver disease, and no differences
between the twice-weekly fasting and low-carbohydrate high-fat diets were observed.

2.2. Insulin Sensitivity and Glucose Tolerance

Obesity and being overweight are connected with increasing insulin resistance. There
are many indicators assessing insulin resistance that are widely available and easily cal-
culate this from the concentrations of fasting glucose and insulin, such as HOMA-IR and
Quicki [55,56]. Insulin resistance is the result of a chronic inflammatory state between
adipose tissue and the liver, with elevated concentrations of IL-6 and TNF-alpha [57].
Furthermore, obesity induces a decrease in the synthesis and release of adiponectin, which
is an insulin-sensitizing factor, while an IER such as ADF increases the concentration of
adiponectin [58,59]. Furthermore, the ADF diet decreases the concentration of leptin, which
is elevated among obese patients [60]. There are mixed results on the influence of IER on
insulin sensitivity. Gabel et al. presented how a 12-week ADF diet lowered fasting hyper-
insulinemia, suggesting a sensitizing effect of diet regimens [48]. A stable or decreased
fasting insulin concentration without changes in the fasting glucose level was presented
among patients with IER regimens in many scientific reports [33,61–63]. In the opposite
case, 12 weeks of the TRE diet induced a reduction in the fasting glucose concentration
without impacting the fasting insulin concentration [64]. Perhaps the greatest differences
are in the results for the different characteristics of experimental groups. In addition, insulin
resistance after one day of fasting depends on the sex; it is higher among women than
men, probably caused by different physiological fasting adaptation processes [64]. It is
believed that the influence of TRE on insulin and glucose levels may depend on the time
of day with an eating gap [45,65]. Insulin resistance and the fasting glucose level were
reduced among resistance-trained males without obesity when the eating gap was in the
middle of the day [46,66]. On the contrary, fasting until the late afternoon or evening among
resistance-trained men induced an increase in glucose concentration after dinner [67].

The IER diet significantly reduces the fasting glucose and HOMA-IR, as was shown in
a meta-analysis including 12 intervention studies of at least one month in duration for a
total of 545 participants [68].

2.3. Lipid Profile

IER regimens induce an improvement in plasma lipids, such as a 15–35% reduction in
triglyceride concentration and a 6–25% reduction in LDL concentration, with only a small
effect on HDL concentration [41,69]. The IER diet has a beneficial effect on LDL by increas-
ing its particle size, which is important for reducing cardiovascular risk, as a small particle
size has more proatherogenic, prothrombotic, and proinflammatory properties [70,71].
Both 10 weeks of TRE among patients with metabolic syndrome [46] and 12 weeks of TRE
among overweight patients [72] decreased the LDL concentration. However, there are
contradicting data; in some cases, IER regimens did not influence the LDL level, as when
Sutton et al. presented the results of a five-week TRE diet among obese or overweight
men with prediabetes [73]. Perhaps the disparity is the result of different times of dietary
intervention or the number of participants in each study. In most cases, IER slightly altered
the HDL concentration; perhaps a longer time of dietary intervention is required, with
additional endurance training, to significantly increase the HDL concentration [74].
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2.4. Gut Microbiota

Some studies have found that after the Muslim holy month of Ramadan, where
no food is consumed from dawn to sunset, subjects have increased levels of beneficial
gut bacteria such as Akkermansia, Butyricicoccus, Bacteroides, Faecalibacterium, Roseburia,
Allobaculum, Eubacterium, Dialister, and Erysipelotrichi. They also have increased microbial
richness and diversity and increased levels of the beneficial short-chain fatty acid, butyric-
acid-producing Lachnospiraceae. High concentrations of Lachnospiraceae are associated with
a reduced risk of cancer, improved inflammatory bowel disease, better mental health,
reduced allergies, and improved cardiorespiratory health [75–77].

In [78], in patients with metabolic syndrome, it was shown that the patients who
had a stronger reduction in blood pressure were those who initially had lower levels of
bacteria that produce the short-chain fatty acid; the change was proportionate, but these
levels increased after fasting. However, by three months post-fasting, the propionate
production had reverted almost to the baseline level, though the improvement in blood
pressure remained, suggesting that the transient improvement in propionate production
decreased hypertension via mechanisms beyond the gut (CD8+ effector T cells, Th17 cells,
and regulatory T cells).

2.5. Biomarkers of Inflammation

In a large meta-analysis of randomized control trials (18 RCTs were included and a
total of 700 participants) evaluating the effects of IF or ERDs on plasma concentrations of
inflammatory biomarkers, it was demonstrated that IF regimens and ERDs may reduce
CRP concentrations, particularly in overweight and obese subjects and with interventions
lasting at least two months. However, neither dietary model affected the concentrations of
tumor necrosis factor-α or interleukin-6 [68].

2.6. Hypertension

It is reported that IER regimens influence blood pressure among obese or overweight
people. Many scientific reports prove that TRE has a particular ability to decrease systolic
and/or diastolic blood pressure (BP) [50,73,79]. Furthermore, Kord-Varkaneh et al., in
their systematic review and meta-analysis investigating the effects of IER on BP levels in
a total population of 1400 participants, showed that both systolic and diastolic BP can be
significantly reduced with IER [80]. Additionally, interventions lasting less than 12 weeks
were found to be more effective than longer-lasting interventions, which could imply that
compliance with IER might gradually fade and probably cannot be maintained for a long
time, thus raising long-term efficacy concerns [81]. However, Chow et al. presented the
opposite outcome, where TRE has no impact on blood pressure [64]. In the case of ADF,
Gabel et al. and Stekovic et al. reported that the diet did not influence the systolic or
diastolic BP [82]. The reduction in BP during IER regimens could be a result of improved
vascular endothelial-dependent vasodilation [83].

2.7. Other Molecular Mechanisms

In [84], it was shown that CR reduces the percentage of ASC in the lin− SVF while
also reducing colony-forming ability. Therefore, it was postulated that CR appears to
have antiproliferative effects on ASCs that may be advantageous from the perspective
of cancer. CR also engages RNA processing of genes associated with a highly integrated
reprogramming of hepatic metabolism [85]. CR reduces microsteatosis, decreases levels of
superoxide anion, and increases protein expression of catalase and superoxide dismutase.
Moreover, CR decreases lipofuscin staining, p21, p53, Acp53, and p16 but increases pRb/Rb
and sirtuin-1 protein expression [86].

3. Adherence to IER Diets

Every effective dietary intervention has to be adherable if participants are to lose
weight and improve metabolic parameters. Although long-term use of IER regimens has not
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been studied well, short-term IER regimens have been reported to have low dropout rates.
TRF with 8–12 h of fasting is reported by many studies to be well-tolerated by patients, and
surprisingly, the greater the adherence rate, the longer the period of fasting [47,50,64,73,79].
Studies reported 65–75% compliance during the trial period [33,50,62]. Most of the reports
present a dietary intervention for 8–12 weeks; thus, further studies with a longer period of
dietary regimens should be conducted. According to Gabel et al., the adherent rate during
12 weeks of TRF with an 8 h feeding period per day among healthy obese individuals
was stable, and patients were able to follow TRF six days a week [79]. Furthermore, it
was reported that TRF induced a significant reduction in daily eating duration from 11 to
8 h, which confirms the theory that IER regimens decrease appetite and calorie intake
throughout the day/period without fasting [79]. As a result, the end of eating decreased
from 7:30 to 6:00 p.m. after 12 weeks of intervention. Cienfuegos et al. reported that patients
undergoing eight weeks of TRF, with a four- or six-hour feeding interval, also complied
with the restriction for six days per week [50]. Yet, the adherence rate is difficult to evaluate;
most of the studies base this on self-reports, which in some cases, could be inaccurate. Using
objective methods of eating-time evaluation revealed mistakes in subjective self-reports [46].
Perhaps further studies with mobile app users should be conducted to avoid such mistakes.
However, some findings using apps could also have limitations as participants are more
likely to report healthy food than unhealthy [87].

4. Side Effects of IER Diets

The adverse effects of IER regimens seem to be rare and harmless, occurring mainly
during the initial days of dietary intervention and affecting single people. Reported
side effects include morning fatigue, headaches, suppressed and increased appetite with
concomitant irritability, and dizziness [67,88]. IER diets are reported to have a mixed
influence on mood and wellbeing. Reduction in mood disorders, anger, and tension [89]
and mood improvement [90] has been reported among participants on IF regimens. On
the other hand, Laessle et al. suggested that IER diets increase irritability and fatigue [39].
In addition, obesity commonly coexists with diabetes type 2. Reduction of caloric intake
among patients with diabetes type 2 can improve glucose homeostasis and decrease body
weight. However, appliance of the IER diet among patients on hypoglycemic drugs,
such as insulin or sulfonylurea, may contribute to the increased risk of hypoglycemia.
Events of hypoglycemia were presented among 35% of patients on insulin/sulfonylurea
therapy [91]. Corley et al. presented that events of hypoglycemia occur mostly during
fasting days or fasting periods, despite the proper reduction of drugs and education about
hypoglycemia [92].

5. Comparison to CER Diet

Previous studies comparing the influence of IER and CER diets were performed mainly
on healthy, but obese, individuals [93]. In most reports with short-term trials of IER diets
or CER diets, both of them seem to have a similar impact on different metabolic parameters
such as decreasing the levels of total cholesterol, LDL, triglycerides, fasting glucose, and
insulin [33,94,95]. Furthermore, CER and IER appear to have had a similar impact on
weight loss, reduction in BMI, and decrease in hip or waist circumferences [33,62,79,96,97].
In many surveys, weight loss between the IER and CER groups was similar, in the region
of 4–8% [32,33,95]. The daily calorie restriction in the CER and IER diets remained similar
in most of the studies mentioned. Calorie consumption on “nonfasting” days in many
surveys ad libitum among IER diets induce equalization of restrictions to CER diets, where
restrictions are present every day. However, there are some studies in which there was a
disproportion between diets. Harvie et al. designed a study as a 25% energy restriction
from estimated baseline energy requirements among both groups; however, the IER group
during “fasting days” was asked to undertake a 75% energy restriction; thus, it seems that
more a restricted diet was used in the IER group [33]. Ash et al. designed a study in which
both IER and diet were isocaloric, averaging 1400–1700 kcal/day [97]. However, in the
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literature, there are a few reports that present different results, where CER induced greater
body weight loss than IER [98]. Opposite results, where the IER diet resulted in a greater
weight reduction among participants [99] were found, where the calorie intake among the
IER group was approximately 130–200 kcal/day less than among the CER group [100]. A
comparison of 8–12 weeks of an ADF diet and a constant calorie restriction diet (CER) for
four weeks revealed a greater reduction in body mass among the CER diet group; however,
FFM was preserved more among the ADF diet group [101]. On the contrary, Soenen et al.
presented the view that the preservation of FFM between CER and IER is similar and
depends not on the energy restriction but rather on the protein content of the diet [44].
Certain data suggest that, despite the lack of differences in summarizing weight loss among
patients on CER and IER diets, the decrease in body fat mass is greater in IF regimens [33].

According to Sundfor et al., a long-term study comparing IER and CER regimens
presented similar effectiveness of both diets in terms of weight loss, improving or main-
taining cardiometabolic factors after one year of the trial, where both diets were based on
similar caloric content [102]. Despite similar weight loss after six months for both groups,
greater weight loss was observed in the IF group than in the CER group. Additionally,
participants of the IER diet presented a stronger feeling of hunger. Keogh et al. conducted
another long-term, one-year, randomized control trial to compare the CER diet with the
IER diet, in which some patients were able to eat for one week ad libitum and others
were restricted [96]. The CER group followed the 5500 kJ energy restriction continuously,
while the IER group performed the same energy restriction for 1 week, followed by 1 week
of usual diet; however, there were no significant differences between both diets [87]. In
both intervention groups, the reduction of body weight was most significant during the
first eight weeks of dietary intervention; however, weight loss was similar among groups,
with no significant difference between them. Furthermore, the continuation of the dietary
intervention until 52 weeks did not induce a further significant reduction in body weight
in the CER and IER diets, and the level of reduction remained comparable in both groups.
The main limitation of the mentioned study was the high dropout rate (40%) among partic-
ipants during the initial eight weeks of the study, which could have impacted the results
and their statistical analysis. Most studies conclude that the impacts of IER and CER on
glucose homeostasis are comparable, while the levels of fasting insulin and fasting glucose
are similar in both groups [33,62,99]. In view of similar caloric restriction in most studies
between CER and IER diets, it seems that the positive impact of IER diets on body weight
could be the result of a change in metabolism.

In the literature, there are only a few reports that compare the influences of both CER
and IER regimens on mood and wellbeing, while the comparisons that are available present
incompatible results. A greater number of participants who observed an improved mood
was reported among the CER rather than IER group, with 46% vs. 32% [62]. On the contrary,
the other study presented a lack of difference between the groups in the number of patients
who observed a positive impact of the applied diet on their mood or behavior [33].

Meng et al., in their recent systematic review and meta-analysis estimating the effects
of IER and CER on the lipid profile, postulated that both dietary approaches reduce the
levels of total cholesterol, LDL cholesterol, and triglycerides but have no effect on HDL
cholesterol. CER was associated with greater reductions in the total cholesterol level
compared to IER, and greater reductions in lipid markers were related to higher baseline
levels. Furthermore, when the caloric reduction was greater than 50%, no significant
reductions in total and LDL cholesterol levels were observed [103].

6. Current Limitations of Knowledge on IER Diet and Future Directions

Although there is some evidence to suggest that IER has beneficial effects on human
health, there are still some issues that warrant further investigations. First, high-quality,
strong scientific evidence regarding the long-term effects of IER is limited since the vast
majority of studies had a duration of fewer than 6 months. Second, it is not yet known
whether IER protocols are a safe recommendation for the general population and specific
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populations, including males, the elderly, and patients with morbid obesity and diabetes
mellitus, as well as children or adolescents. Third, what is the impact on people’s health of
long-term use of this diet? Furthermore, the most important concern is to determine who
will benefit the most from an IER intervention, depending on their personality traits and,
most importantly, comorbid health conditions [81,104].

7. Conclusions

The dietary intervention induced by IER involves a significant reduction in body
weight and a decrease in waist and hip circumferences (Figure 3). Furthermore, improve-
ments to the control of cardiovascular risk factors such as lipid profile and blood pressure
are also presented. Beyond this, fasting has beneficial effects on the adipose tissue, while
IF restores the balance between leptin and adiponectin production among obese patients.
The influence of IER on glucose homeostasis is inconsistent; however, it appears to have a
potential influence on glucose and insulin levels. In recent trials, most reports presented
similar effectiveness levels of the IER and CER diets for losing weight and restoring the
metabolic balance; yet, there are no recommendations that suggest choosing any of the
diets over others. IER could represent an effective alternative to dietary interventions for
those who are not able to live with constant dietary austerity. Further, robust studies are
required to confirm the safety and long-term effect of using this diet.
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5. Stanek, A.; Brożyna-Tkaczyk, K.; Myśliński, W. The Role of Obesity-Induced P erivascular Adipose Tissue (PVAT) Dysfunction in
Vascular Homeostasis. Nutrients 2021, 13, 3843. [CrossRef] [PubMed]

6. Avgerinos, K.I.; Spyrou, N.; Mantzoros, C.S.; Dalamaga, M. Obesity and cancer risk: Emerging biological mechanisms and
perspectives. Metabolism 2019, 92, 121–135. [CrossRef]

7. Dai, H.; Alsalhe, T.A.; Chalghaf, N.; Riccò, M.; Bragazzi, N.L.; Wu, J. The Global Burden of Disease Attributable to High BodyMass
Index in 195 Countries and Territories, 1990–2017: An Analysis of the Global Burden of Disease Study. PLoS Med. 2020, 17,
e1003198. [CrossRef] [PubMed]

8. Goumenou, M.; Sarigiannis, D.; Tsatsakis, A.; Anesti, O.; Docea, A.O.; Petrakis, D.; Tsoukalas, D.; Kostoff, R.; Rakitskii, V.;
Spandidos, D.A.; et al. COVID-19 in Northern Italy: An Integrative Overview of Factors Possibly Influencing the Sharp Increase
of the Outbreak (Review). Mol. Med. Rep. 2020, 22, 20–32. [CrossRef] [PubMed]

9. Rosen, E.D.; Spiegelman, B.M. What We Talk about When We Talk about Fat. Cell 2014, 156, 20–44. [CrossRef]
10. Saely, C.H.; Geiger, K.; Drexel, H. Brown versus White Adipose Tissue: A Mini-Review. Gerontology 2012, 58, 15–23. [CrossRef]
11. Kajimura, S.; Spiegelman, B.M.; Seale, P. Brown and Beige Fat: Physiological Roles beyond Heat-Generation. Cell Metab. 2015, 22,

546–559. [CrossRef]
12. Kiefer, F.W.; Cohen, P.; Plutzky, J. Fifty Shades of Brown: Perivascular Fat, Thermogenesis, and Atherosclerosis. Circulation 2012,

126, 1012–1015. [CrossRef] [PubMed]
13. Yanai, H.; Yoshida, H. Beneficial Effects of Adiponectin on Glucose and Lipid Metabolism and Atherosclerotic Progression:

Mechanisms and Perspectives. Int. J. Mol. Sci. 2019, 20, 1190. [CrossRef] [PubMed]
14. Christou, G.A.; Kiortsis, D.N. Adiponectin and Lipoprotein Metabolism. Obes. Rev. 2013, 14, 939–949. [CrossRef] [PubMed]
15. Cotillard, A.; Poitou, C.; Torcivia, A.; Bouillot, J.-L.; Dietrich, A.; Klöting, N.; Grégoire, C.; Lolmede, K.; Blüher, M.; Clément, K.

Adipocyte Size Threshold Matters: Link with Risk of Type 2 Diabetes and Improved Insulin Resistance After Gastric Bypass. J.
Clin. Endocrinol. Metab. 2014, 99, E1466–E1470. [CrossRef] [PubMed]

16. Shin, S.; El-Sabbagh, A.; Lukas, B.E.; Tanneberger, S.; Jiang, Y. Adipose stem cells in obesity: Challenges and opportunities. Biosci.
Rep. 2020, 40, BSR20194076. [CrossRef] [PubMed]

17. Jensen, M.D.; Ryan, D.H.; Apovian, C.M.; Ard, J.D.; Comuzzie, A.G.; Donato, K.A.; Hu, F.B.; Hubbard, V.S.; Jakicic, J.M.; Kushner,
R.F.; et al. 2013 AHA/ACC/TOS Guideline for the Management of Overweight and Obesity in Adults. Circulation 2014, 129
(Suppl. 2), S102–S138. [CrossRef]

18. Dong, T.A.; Sandesara, P.B.; Dhindsa, D.S.; Mehta, A.; Arneson, L.C.; Dollar, A.L.; Taub, P.R.; Ssperling, L.S. Intermittent Fasting:
A Heart Healthy Dietary Pattern? Am. J. Med. 2020, 133, 901–907. [CrossRef]

19. Thom, G.; Lean, M. Is There an Optimal Diet for Weight Management and Metabolic Health? Gastroenterology 2017, 152, 1739–1751.
[CrossRef]

20. Longo, V.D.; Mattson, M.P. Fasting: Molecular Mechanisms and Clinical Applications. Cell Metab. 2014, 19, 181–192. [CrossRef]
[PubMed]

21. de Cabo, R.; Mattson, M.P. Effects of Intermittent Fasting on Health, Aging, and Disease. N. Engl. J. Med. 2019, 381, 2541–2551.
[CrossRef]

22. Castello, L.; Froio, T.; Maina, M.; Cavallini, G.; Biasi, F.; Leonarduzzi, G.; Donati, A.; Bergamini, E.; Poli, G.; Chiarpotto, E.
Alternate-day fasting protects the rat heart against age-induced inflammation and fibrosis by inhibiting oxidative damage and
NF-kB activation. Free Radic. Biol. Med. 2010, 48, 47–54. [CrossRef]

23. Wan, R.; Camandola, S.; Mattson, M.P. Intermittent food deprivation improves cardiovascular and neuroendocrine responses to
stress in rats. J. Nutr. 2003, 133, 1921–1929. [CrossRef] [PubMed]

24. Singh, R.; Kaushik, S.; Wang, Y.; Xiang, Y.; Novak, I.; Komatsu, M.; Tanaka, K.; Cuervo, A.M.; Czaja, M.J. Autophagy Regulates
Lipid Metabolism. Nature 2009, 458, 1131–1135. [CrossRef]

25. Tremaroli, V.; Bäckhed, F. Functional Interactions between the Gut Microbiota and Host Metabolism. Nature 2012, 489, 242–249.
[CrossRef]

26. Goodrick, C.L.; Ingram, D.K.; Reynolds, M.A.; Freeman, J.R.; Cider, N.L. Effects of Intermittent Feeding upon Growth and Life
Span in Rats. Gerontology 1982, 28, 233–241. [CrossRef]

http://doi.org/10.1016/j.jacc.2017.11.011
http://doi.org/10.1056/NEJMoa1614362
http://www.ncbi.nlm.nih.gov/pubmed/28604169
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Overweight_and_obesity_-_BMI_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Overweight_and_obesity_-_BMI_statistics
http://doi.org/10.1371/journal.pone.0065174
http://doi.org/10.3390/nu13113843
http://www.ncbi.nlm.nih.gov/pubmed/34836100
http://doi.org/10.1016/j.metabol.2018.11.001
http://doi.org/10.1371/journal.pmed.1003198
http://www.ncbi.nlm.nih.gov/pubmed/32722671
http://doi.org/10.3892/mmr.2020.11079
http://www.ncbi.nlm.nih.gov/pubmed/32319647
http://doi.org/10.1016/j.cell.2013.12.012
http://doi.org/10.1159/000321319
http://doi.org/10.1016/j.cmet.2015.09.007
http://doi.org/10.1161/CIRCULATIONAHA.112.123521
http://www.ncbi.nlm.nih.gov/pubmed/22927471
http://doi.org/10.3390/ijms20051190
http://www.ncbi.nlm.nih.gov/pubmed/30857216
http://doi.org/10.1111/obr.12064
http://www.ncbi.nlm.nih.gov/pubmed/23957239
http://doi.org/10.1210/jc.2014-1074
http://www.ncbi.nlm.nih.gov/pubmed/24780048
http://doi.org/10.1042/BSR20194076
http://www.ncbi.nlm.nih.gov/pubmed/32452515
http://doi.org/10.1161/01.cir.0000437739.71477.ee
http://doi.org/10.1016/j.amjmed.2020.03.030
http://doi.org/10.1053/j.gastro.2017.01.056
http://doi.org/10.1016/j.cmet.2013.12.008
http://www.ncbi.nlm.nih.gov/pubmed/24440038
http://doi.org/10.1056/NEJMra1905136
http://doi.org/10.1016/j.freeradbiomed.2009.10.003
http://doi.org/10.1093/jn/133.6.1921
http://www.ncbi.nlm.nih.gov/pubmed/12771340
http://doi.org/10.1038/nature07976
http://doi.org/10.1038/nature11552
http://doi.org/10.1159/000212538


Nutrients 2022, 14, 1509 12 of 15

27. Singh, R.; Manchanda, S.; Kaur, T.; Kumar, S.; Lakhanpal, D.; Lakhman, S.S.; Kaur, G. Middle Age Onset Short-Term Intermittent
Fasting Dietary Restriction Prevents Brain Function Impairments in Male Wistar Rats. Biogerontology 2015, 16, 775–788. [CrossRef]
[PubMed]

28. Michalsen, A. Prolonged fasting as a method of mood enhancement in chronic pain syndromes: A review of clinical evidence and
mechanisms. Curr. Pain Headache Rep. 2010, 14, 80–87. [CrossRef] [PubMed]

29. Klempel, M.C.; Kroeger, C.M.; Varady, K.A. Alternate Day Fasting (ADF) with a High-Fat Diet Produces Similar Weight Loss and
Cardio-Protection as ADF with a Low-Fat Diet. Metabolism 2013, 62, 137–143. [CrossRef] [PubMed]

30. Johannsen, D.L.; Knuth, N.D.; Huizenga, R.; Rood, J.C.; Ravussin, E.; Hall, K.D. Metabolic Slowing with Massive Weight Loss
despite Preservation of Fat-Free Mass. J. Clin. Endocrinol. Metab. 2012, 97, 2489–2496. [CrossRef] [PubMed]

31. Müller, M.J.; Bosy-Westphal, A.; Kutzner, D.; Heller, M. Metabolically Active Components of Fat-Free Mass and Resting Energy
Expenditure in Humans: Recent Lessons from Imaging Technologies. Obes. Rev. 2002, 3, 113–122. [CrossRef]

32. Headland, M.; Clifton, P.M.; Carter, S.; Keogh, J.B. Weight-Loss Outcomes: A Systematic Review and Meta-Analysis of Intermittent
Energy Restriction Trials Lasting a Minimum of 6 Months. Nutrients 2016, 8, E354. [CrossRef]

33. Harvie, M.; Wright, C.; Pegington, M.; McMullan, D.; Mitchell, E.; Martin, B.; Cutler, R.G.; Evans, G.; Whiteside, S.; Maudsley, S.;
et al. The Effect of Intermittent Energy and Carbohydrate Restriction v. Daily Energy Restriction on Weight Loss and Metabolic
Disease Risk Markers in Overweight Women. Br. J. Nutr. 2013, 110, 1534–1547. [CrossRef] [PubMed]

34. Bhutani, S.; Klempel, M.C.; Kroeger, C.M.; Aggour, E.; Calvo, Y.; Trepanowski, J.F.; Hoddy, K.K.; Varady, K.A. Effect of Exercising
While Fasting on Eating Behaviors and Food Intake. J. Int. Soc. Sports Nutr. 2013, 10, 50. [CrossRef] [PubMed]

35. Belza, A.; Toubro, S.; Stender, S.; Astrup, A. Effect of Diet-Induced Energy Deficit and Body Fat Reduction on High-Sensitive CRP
and Other Inflammatory Markers in Obese Subjects. Int. J. Obes. 2009, 33, 456–464. [CrossRef] [PubMed]

36. Heilbronn, L.K.; Civitarese, A.E.; Bogacka, I.; Smith, S.R.; Hulver, M.; Ravussin, E. Glucose Tolerance and Skeletal Muscle Gene
Expression in Response to Alternate Day Fasting. Obes. Res. 2005, 13, 574–581. [CrossRef]

37. Soeters, M.R.; Lammers, N.M.; Dubbelhuis, P.F.; Ackermans, M.; Jonkers-Schuitema, C.F.; Fliers, E.; Sauerwein, H.P.; Aerts, J.M.;
Serlie, M.J. Intermittent Fasting Does Not Affect Whole-Body Glucose, Lipid, or Protein Metabolism. Am. J. Clin. Nutr. 2009, 90,
1244–1251. [CrossRef]

38. Halberg, N.; Henriksen, M.; Söderhamn, N.; Stallknecht, B.; Ploug, T.; Schjerling, P.; Dela, F. Effect of Intermittent Fasting and
Refeeding on Insulin Action in Healthy Men. J. Appl. Physiol. 2005, 99, 2128–2136. [CrossRef]

39. Laessle, R.G.; Platte, P.; Schweiger, U.; Pirke, K.M. Biological and Psychological Correlates of Intermittent Dieting Behavior in
Young Women. A Model for Bulimia Nervosa. Physiol. Behav. 1996, 60, 1–5. [CrossRef]

40. Seimon, R.V.; Roekenes, J.A.; Zibellini, J.; Zhu, B.; Gibson, A.A.; Hills, A.P.; Wood, R.E.; King, N.A.; Byrne, N.M.; Sainsbury, A. Do
Intermittent Diets Provide Physiological Benefits over Continuous Diets for Weight Loss? A Systematic Review of Clinical Trials.
Mol. Cell. Endocrinol. 2015, 418, 153–172. [CrossRef]

41. Anton, S.D.; Moehl, K.; Donahoo, W.T.; Marosi, K.; Lee, S.A.; Mainous, A.G.; Leeuwenburgh, C.; Mattson, M.P. Flipping the
Metabolic Switch: Understanding and Applying the Health Benefits of Fasting. Obesity 2018, 26, 254–268. [CrossRef]

42. Varady, K.A.; Bhutani, S.; Church, E.C.; Klempel, M.C. Short-Term Modified Alternate-Day Fasting: A Novel Dietary Strategy for
Weight Loss and Cardioprotection in Obese Adults. Am. J. Clin. Nutr. 2009, 90, 1138–1143. [CrossRef]

43. Varady, K.A.; Bhutani, S.; Klempel, M.C.; Kroeger, C.M.; Trepanowski, J.F.; Haus, J.M.; Hoddy, K.K.; Calvo, Y. Alternate Day
Fasting for Weight Loss in Normal Weight and Overweight Subjects: A Randomized Controlled Trial. Nutr. J. 2013, 12, 146.
[CrossRef] [PubMed]

44. Soenen, S.; Martens, E.A.P.; Hochstenbach-Waelen, A.; Lemmens, S.G.T.; Westerterp-Plantenga, M.S. Normal Protein Intake Is
Required for Body Weight Loss and Weight Maintenance, and Elevated Protein Intake for Additional Preservation of Resting
Energy Expenditure and Fat Free Mass. J. Nutr. 2013, 143, 591–596. [CrossRef] [PubMed]

45. Regmi, P.; Heilbronn, L.K. Time-Restricted Eating: Benefits, Mechanisms, and Challenges in Translation. iScience 2020, 23, 101161.
[CrossRef]

46. Gill, S.; Panda, S. A Smartphone App Reveals Erratic Diurnal Eating Patterns in Humans That Can Be Modulated for Health
Benefits. Cell Metab. 2015, 22, 789–798. [CrossRef]

47. Wilkinson, M.J.; Manoogian, E.N.C.; Zadourian, A.; Lo, H.; Fakhouri, S.; Shoghi, A.; Wang, X.; Fleischer, J.G.; Navlakha, S.; Panda,
S.; et al. Ten-Hour Time-Restricted Eating Reduces Weight, Blood Pressure, and Atherogenic Lipids in Patients with Metabolic
Syndrome. Cell Metab. 2020, 31, 92–104.e5. [CrossRef]

48. Gabel, K.; Hoddy, K.K.; Varady, K.A. Safety of 8-h Time Restricted Feeding in Adults with Obesity. Appl. Physiol. Nutr. Metab.
2018, 44, 107–109. [CrossRef] [PubMed]

49. Peeke, P.M.; Greenway, F.L.; Billes, S.K.; Zhang, D.; Fujioka, K. Effect of Time Restricted Eating on Body Weight and Fasting
Glucose in Participants with Obesity: Results of a Randomized, Controlled, Virtual Clinical Trial. Nutr. Diabetes 2021, 11, 1–11.
[CrossRef]

50. Cienfuegos, S.; Gabel, K.; Kalam, F.; Ezpeleta, M.; Wiseman, E.; Pavlou, V.; Lin, S.; Oliveira, M.L.; Varady, K.A. Effects of 4- and
6-h Time-Restricted Feeding on Weight and Cardiometabolic Health: A Randomized Controlled Trial in Adults with Obesity. Cell
Metab. 2020, 32, 366–378.e3. [CrossRef]

http://doi.org/10.1007/s10522-015-9603-y
http://www.ncbi.nlm.nih.gov/pubmed/26318578
http://doi.org/10.1007/s11916-010-0104-z
http://www.ncbi.nlm.nih.gov/pubmed/20425196
http://doi.org/10.1016/j.metabol.2012.07.002
http://www.ncbi.nlm.nih.gov/pubmed/22889512
http://doi.org/10.1210/jc.2012-1444
http://www.ncbi.nlm.nih.gov/pubmed/22535969
http://doi.org/10.1046/j.1467-789X.2002.00057.x
http://doi.org/10.3390/nu8060354
http://doi.org/10.1017/S0007114513000792
http://www.ncbi.nlm.nih.gov/pubmed/23591120
http://doi.org/10.1186/1550-2783-10-50
http://www.ncbi.nlm.nih.gov/pubmed/24176020
http://doi.org/10.1038/ijo.2009.27
http://www.ncbi.nlm.nih.gov/pubmed/19238154
http://doi.org/10.1038/oby.2005.61
http://doi.org/10.3945/ajcn.2008.27327
http://doi.org/10.1152/japplphysiol.00683.2005
http://doi.org/10.1016/0031-9384(95)02215-5
http://doi.org/10.1016/j.mce.2015.09.014
http://doi.org/10.1002/oby.22065
http://doi.org/10.3945/ajcn.2009.28380
http://doi.org/10.1186/1475-2891-12-146
http://www.ncbi.nlm.nih.gov/pubmed/24215592
http://doi.org/10.3945/jn.112.167593
http://www.ncbi.nlm.nih.gov/pubmed/23446962
http://doi.org/10.1016/j.isci.2020.101161
http://doi.org/10.1016/j.cmet.2015.09.005
http://doi.org/10.1016/j.cmet.2019.11.004
http://doi.org/10.1139/apnm-2018-0389
http://www.ncbi.nlm.nih.gov/pubmed/30216730
http://doi.org/10.1038/s41387-021-00149-0
http://doi.org/10.1016/j.cmet.2020.06.018


Nutrients 2022, 14, 1509 13 of 15

51. Neeland, I.J.; Ross, R.; Després, J.P.; Matsuzawa, Y.; Yamashita, S.; Shai, I.; Seidell, J.; Magni, P.; Santos, R.D.; Arsenault, B.; et al.
Visceral and ectopic fat, atherosclerosis, and cardiometabolic disease: A position statement. Lancet Diabetes Endocrinol. 2019, 7,
715–725. [CrossRef]

52. Dote-Montero, M.; Sanchez-Delgado, G.; Ravussin, E. Effects of Intermittent Fasting on Cardiometabolic Health: An Energy
Metabolism Perspective. Nutrients 2022, 14, 489. [CrossRef] [PubMed]

53. Trepanowski, J.F.; Kroeger, C.M.; Barnosky, A.; Klempel, M.C.; Bhutani, S.; Hoddy, K.K.; Gabel, K.; Freels, S.; Rigdon, J.; Rood, J.;
et al. Effect of Alternate-Day Fasting on Weight Loss, Weight Maintenance, and Cardioprotection among Metabolically Healthy
Obese Adults: A Randomized Clinical Trial. JAMA Intern. Med. 2017, 177, 930–938. [CrossRef] [PubMed]

54. Holmer, M.; Lindqvist, C.; Petersson, S.; Moshtaghi-Svensson, J.; Tillander, V.; Brismar, T.B.; Hagström, H.; Stål, P. Treatment of
NAFLD with intermittent calorie restriction or low-carb high-fat diet—A randomised controlled trial. JHEP Rep. Innov. Hepatol.
2021, 3, 100256. [CrossRef] [PubMed]

55. Chen, H.; Sullivan, G.; Yue, L.Q.; Katz, A.; Quon, M.J. QUICKI Is a Useful Index of Insulin Sensitivity in Subjects with
Hypertension. Am. J. Physiol. -Endocrinol. Metab. 2003, 284, E804–E812. [CrossRef]

56. Feferman, L.; Bhattacharyya, S.; Oates, E.; Haggerty, N.; Wang, T.; Varady, K.; Tobacman, J.K. Carrageenan-Free Diet Shows
Improved Glucose Tolerance and Insulin Signaling in Prediabetes: A Randomized, Pilot Clinical Trial. J. Diabetes Res. 2020, 2020,
8267980. [CrossRef] [PubMed]

57. Olefsky, J.M.; Glass, C.K. Macrophages, Inflammation, and Insulin Resistance. Annu. Rev. Physiol. 2009, 72, 219–246. [CrossRef]
[PubMed]

58. Yatagai, T.; Nagasaka, S.; Taniguchi, A.; Fukushima, M.; Nakamura, T.; Kuroe, A.; Nakai, Y.; Ishibashi, S. Hypoadiponectinemia Is
Associated with Visceral Fat Accumulation and Insulin Resistance in Japanese Men with Type 2 Diabetes Mellitus. Metabolism
2003, 52, 1274–1278. [CrossRef]

59. Wan, R.; Ahmet, I.; Brown, M.; Cheng, A.; Kamimura, N.; Talan, M.; Mattson, M.P. Cardioprotective Effect of Intermittent Fasting
Is Associated with an Elevation of Adiponectin Levels in Rats. J. Nutr. Biochem. 2010, 21, 413–417. [CrossRef]

60. Duan, W.; Guo, Z.; Jiang, H.; Ware, M.; Mattson, M.P. Reversal of Behavioral and Metabolic Abnormalities, and Insulin Resistance
Syndrome, by Dietary Restriction in Mice Deficient in Brain-Derived Neurotrophic Factor. Endocrinology 2003, 144, 2446–2453.
[CrossRef] [PubMed]

61. Eshghinia, S.; Mohammadzadeh, F. The Effects of Modified Alternate-Day Fasting Diet on Weight Loss and CAD Risk Factors in
Overweight and Obese Women. J. Diabetes Metab. Disord. 2013, 12, 4. [CrossRef]

62. Harvie, M.N.; Pegington, M.; Mattson, M.P.; Frystyk, J.; Dillon, B.; Evans, G.; Cuzick, J.; Jebb, S.A.; Martin, B.; Cutler, R.G.; et al.
The Effects of Intermittent or Continuous Energy Restriction on Weight Loss and Metabolic Disease Risk Markers: A Randomised
Trial in Young Overweight Women. Int. J. Obes. 2011, 35, 714–727. [CrossRef]

63. Wegman, M.P.; Guo, M.H.; Bennion, D.M.; Shankar, M.N.; Chrzanowski, S.M.; Goldberg, L.A.; Xu, J.; Williams, T.A.; Lu, X.; Hsu,
S.I.; et al. Practicality of Intermittent Fasting in Humans and Its Effect on Oxidative Stress and Genes Related to Aging and
Metabolism. Rejuvenation Res. 2015, 18, 162–172. [CrossRef] [PubMed]

64. Chow, L.S.; Manoogian, E.N.C.; Alvear, A.; Fleischer, J.G.; Thor, H.; Dietsche, K.; Wang, Q.; Hodges, J.S.; Esch, N.; Malaeb, S.; et al.
Time-Restricted Eating Effects on Body Composition and Metabolic Measures in Humans Who Are Overweight: A Feasibility
Study. Obesity 2020, 28, 860–869. [CrossRef]

65. Gormsen, L.C.; Jessen, N.; Gjedsted, J.; Gjedde, S.; Nørrelund, H.; Lund, S.; Christiansen, J.S.; Nielsen, S.; Schmitz, O.; Møller, N.
Dose-Response Effects of Free Fatty Acids on Glucose and Lipid Metabolism during Somatostatin Blockade of Growth Hormone
and Insulin in Humans. J. Clin. Endocrinol. Metab. 2007, 92, 1834–1842. [CrossRef]

66. Moro, T.; Tinsley, G.; Bianco, A.; Marcolin, G.; Pacelli, Q.F.; Battaglia, G.; Palma, A.; Gentil, P.; Neri, M.; Paoli, A. Effects of
Eight Weeks of Time-Restricted Feeding (16/8) on Basal Metabolism, Maximal Strength, Body Composition, Inflammation, and
Cardiovascular Risk Factors in Resistance-Trained Males. J. Transl. Med. 2016, 14, 290. [CrossRef] [PubMed]

67. Tinsley, G.M.; Forsse, J.S.; Butler, N.K.; Paoli, A.; Bane, A.A.; La Bounty, P.M.; Morgan, G.B.; Grandjean, P.W. Time-Restricted
Feeding in Young Men Performing Resistance Training: A Randomized Controlled Trial. Eur. J. Sport Sci. 2017, 17, 200–207.
[CrossRef] [PubMed]

68. Wang, X.; Yan, Q.; Liao, Q.; Li, M.; Zhang, P.; Santos, H.O.; Kord-Varkaneh, H.; Abshirini, M. Effects of intermittent fasting diets
on plasma concentrations of inflammatory biomarkers: A systematic review and meta-analysis of randomized controlled trials:
Fasting and inflammation. Nutrition 2020, 79–80, 110974. [CrossRef] [PubMed]

69. Varady, K.A.; Hellerstein, M.K. Alternate-Day Fasting and Chronic Disease Prevention: A Review of Human and Animal Trials.
Am. J. Clin. Nutr. 2007, 86, 7–13. [CrossRef]

70. Verhoye, E.; Langlois, M.R.; Asklepios Investigators. Circulating Oxidized Low-Density Lipoprotein: A Biomarker of Atheroscle-
rosis and Cardiovascular Risk? Clin. Chem. Lab Med. 2009, 47, 128–137. [CrossRef]

71. Ferretti, G.; Rabini, R.A.; Bacchetti, T.; Vignini, A.; Salvolini, E.; Ravaglia, F.; Curatola, G.; Mazzanti, L. Glycated Low Density
Lipoproteins Modify Platelet Properties: A Compositional and Functional Study. J. Clin. Endocrinol. Metab. 2002, 87, 2180–2184.
[CrossRef] [PubMed]

72. Antoni, R.; Robertson, T.M.; Robertson, M.D.; Johnston, J.D. A Pilot Feasibility Study Exploring the Effects of a Moderate
Time-Restricted Feeding Intervention on Energy Intake, Adiposity and Metabolic Physiology in Free-Living Human Subjects. J.
Nutr. Sci. 2018, 7, E22. [CrossRef]

http://doi.org/10.1016/S2213-8587(19)30084-1
http://doi.org/10.3390/nu14030489
http://www.ncbi.nlm.nih.gov/pubmed/35276847
http://doi.org/10.1001/jamainternmed.2017.0936
http://www.ncbi.nlm.nih.gov/pubmed/28459931
http://doi.org/10.1016/j.jhepr.2021.100256
http://www.ncbi.nlm.nih.gov/pubmed/33898960
http://doi.org/10.1152/ajpendo.00330.2002
http://doi.org/10.1155/2020/8267980
http://www.ncbi.nlm.nih.gov/pubmed/32377523
http://doi.org/10.1146/annurev-physiol-021909-135846
http://www.ncbi.nlm.nih.gov/pubmed/20148674
http://doi.org/10.1016/S0026-0495(03)00195-1
http://doi.org/10.1016/j.jnutbio.2009.01.020
http://doi.org/10.1210/en.2002-0113
http://www.ncbi.nlm.nih.gov/pubmed/12746306
http://doi.org/10.1186/2251-6581-12-4
http://doi.org/10.1038/ijo.2010.171
http://doi.org/10.1089/rej.2014.1624
http://www.ncbi.nlm.nih.gov/pubmed/25546413
http://doi.org/10.1002/oby.22756
http://doi.org/10.1210/jc.2006-2659
http://doi.org/10.1186/s12967-016-1044-0
http://www.ncbi.nlm.nih.gov/pubmed/27737674
http://doi.org/10.1080/17461391.2016.1223173
http://www.ncbi.nlm.nih.gov/pubmed/27550719
http://doi.org/10.1016/j.nut.2020.110974
http://www.ncbi.nlm.nih.gov/pubmed/32947129
http://doi.org/10.1093/ajcn/86.1.7
http://doi.org/10.1515/CCLM.2009.037
http://doi.org/10.1210/jcem.87.5.8466
http://www.ncbi.nlm.nih.gov/pubmed/11994361
http://doi.org/10.1017/jns.2018.13


Nutrients 2022, 14, 1509 14 of 15

73. Sutton, E.F.; Beyl, R.; Early, K.S.; Cefalu, W.T.; Ravussin, E.; Peterson, C.M. Early Time-Restricted Feeding Improves Insulin
Sensitivity, Blood Pressure, and Oxidative Stress Even Without Weight Loss in Men with Prediabetes. Cell Metab. 2018, 27,
1212–1221.e3. [CrossRef] [PubMed]

74. Kelley, G.A.; Kelley, K.S.; Roberts, S.; Haskell, W. Comparison of Aerobic Exercise, Diet or Both on Lipids and Lipoproteins in
Adults: A Meta-Analysis of Randomized Controlled Trials. Clin. Nutr. 2012, 31, 156–167. [CrossRef] [PubMed]

75. Ozkul, C.; Yalinay, M.; Karakan, T. Structural changes in gut microbiome after Ramadan fasting: A pilot study. Benef. Microbes
2020, 11, 227–233. [CrossRef] [PubMed]

76. Özkul, C.; Yalınay, M.; Karakan, T. Islamic fasting leads to an increased abundance of Akkermansia muciniphila and Bacteroides
fragilis group: A preliminary study on intermittent fasting. Turk. J. Gastroenterol. 2019, 30, 1030–1035. [CrossRef] [PubMed]

77. Su, J.; Wang, Y.; Zhang, X.; Ma, M.; Xie, Z.; Pan, Q.; Ma, Z.; Peppelenbosch, M.P. Remodeling of the gut microbiome during
Ramadan-associated intermittent fasting. Am. J. Clin. Nutr. 2021, 113, 1332–1342. [CrossRef]

78. Maifeld, A.H.; Löber, U.; Avery, E.G.; Steckhan, N.; Markó, L.; Wilck, N.; Hamad, I.; Šušnjar, U.; Mähler, A.; Hohmann, C.; et al.
Fasting alters the gut microbiome reducing blood pressure and body weight in metabolic syndrome patients. Nat. Commun. 2021,
12, 1970. [CrossRef]

79. Gabel, K.; Hoddy, K.K.; Haggerty, N.; Song, J.; Kroeger, C.M.; Trepanowski, J.F.; Panda, S.; Varady, K.A. Effects of 8-Hour Time
Restricted Feeding on Body Weight and Metabolic Disease Risk Factors in Obese Adults: A Pilot Study. Nutr. Healthy Aging 2018,
4, 345–353. [CrossRef] [PubMed]

80. Kord-Varkaneh, H.; Nazary-Vannani, A.; Mokhtari, Z.; Salehi-Sahlabadi, A.; Rahmani, J.; Clark, C.C.T.; Fatahi, S.; Zanghelini, F.;
Hekmatdoost, A.; Okunade, K. The Influence of Fasting and Energy Restricting Diets on Blood Pressure in Humans: A Systematic
Review and Meta-Analysis. High Blood Press Cardiovasc. Prev. 2020, 27, 271–280. [CrossRef]

81. Katsarou, A.L.; Katsilambros, N.L.; Koliaki, C.C. Intermittent Energy Restriction, Weight Loss and Cardiometabolic Risk: A
Critical Appraisal of Evidence in Humans. Healthcare 2021, 9, 495. [CrossRef]

82. Stekovic, S.; Hofer, S.J.; Tripolt, N.; Aon, M.A.; Royer, P.; Pein, L.; Stadler, J.T.; Pendl, T.; Prietl, B.; Url, J.; et al. Alternate Day
Fasting Improves Physiological and Molecular Markers of Aging in Healthy, Non-Obese Humans. Cell Metab. 2019, 30, 462–476.e6.
[CrossRef]

83. Razzak, R.L.A.; Abu-Hozaifa, B.M.; Bamosa, A.O.; Ali, N.M. Assessment of Enhanced Endothelium-Dependent Vasodilation by
Intermittent Fasting in Wistar Albino Rats. Indian J. Physiol. Pharmacol. 2011, 55, 336–342. [PubMed]

84. Schmuck, E.G.; Mulligan, J.D.; Saupe, K.W. Caloric restriction attenuates the age-associated increase of adipose-derived stem cells
but further reduces their proliferative capacity. Age 2011, 33, 107–118. [CrossRef] [PubMed]

85. Rhoads, T.W.; Burhans, M.S.; Chen, V.B.; Hutchins, P.D.; Rush, M.; Clark, J.P.; Stark, J.L.; McIlwain, S.J.; Eghbalnia, H.R.; Pavelec,
D.M.; et al. Caloric Restriction Engages Hepatic RNA Processing Mechanisms in Rhesus Monkeys. Cell Metab. 2018, 27, 677–688.e5.
[CrossRef]

86. Yzydorczyk, C.; Li, N.; Rigal, E.; Chehade, H.; Mosig, D.; Armengaud, J.B.; Rolle, T.; Krishnasamy, A.; Orozco, E.; Siddeek, B.;
et al. Calorie Restriction in Adulthood Reduces Hepatic Disorders Induced by Transient Postnatal Overfeeding in Mice. Nutrients
2019, 11, 2796. [CrossRef] [PubMed]

87. Kantartzis, K.; Machann, J.; Schick, F.; Rittig, K.; Machicao, F.; Fritsche, A.; Häring, H.-U.; Stefan, N. Effects of a Lifestyle
Intervention in Metabolically Benign and Malign Obesity. Diabetologia 2011, 54, 864–868. [CrossRef] [PubMed]

88. Bahr, L.S.; Bock, M.; Liebscher, D.; Bellmann-Strobl, J.; Franz, L.; Prüß, A.; Schumann, D.; Piper, S.K.; Kessler, C.S.; Steckhan,
N.; et al. Ketogenic Diet and Fasting Diet as Nutritional Approaches in Multiple Sclerosis (NAMS): Protocol of a Randomized
Controlled Study. Trials 2020, 21, 3. [CrossRef]

89. Hussin, N.M.; Shahar, S.; Teng, N.I.M.F.; Ngah, W.Z.W.; Das, S.K. Efficacy of Fasting and Calorie Restriction (FCR) on Mood and
Depression among Ageing Men. J. Nutr. Health Aging 2013, 17, 674–680. [CrossRef]

90. Johnson, J.B.; Summer, W.; Cutler, R.G.; Martin, B.; Hyun, D.-H.; Dixit, V.D.; Pearson, M.; Nassar, M.; Tellejohan, R.; Maudsley, S.;
et al. Alternate Day Calorie Restriction Improves Clinical Findings and Reduces Markers of Oxidative Stress and Inflammation in
Overweight Adults with Moderate Asthma. Free. Radic. Biol. Med. 2007, 42, 665–674. [CrossRef]

91. Carter, S.; Clifton, P.M.; Keogh, J.B. Effect of Intermittent Compared with Continuous Energy Restricted Diet on Glycemic Control
in Patients with Type 2 Diabetes. JAMA Netw. Open 2018, 1, e180756. [CrossRef]

92. Corley, B.T.; Carroll, R.W.; Hall, R.M.; Weatherall, M.; Parry-Strong, A.; Krebs, J.D. Intermittent Fasting in Type 2 Diabetes Mellitus
and the Risk of Hypoglycaemia: A Randomized Controlled Trial. Diabet. Med. 2018, 35, 588–594. [CrossRef]

93. Rynders, C.A.; Thomas, E.A.; Zaman, A.; Pan, Z.; Catenacci, V.A.; Melanson, E.L. Effectiveness of Intermittent Fasting and
Time-Restricted Feeding Compared to Continuous Energy Restriction for Weight Loss. Nutrients 2019, 11, 2442. [CrossRef]
[PubMed]

94. Varady, K.A. Intermittent versus Daily Calorie Restriction: Which Diet Regimen Is More Effective for Weight Loss? Obes. Rev.
2011, 12, e593–601. [CrossRef] [PubMed]

95. Davis, C.S.; Clarke, R.E.; Coulter, S.N.; Rounsefell, K.N.; Walker, R.E.; Rauch, C.E.; Huggins, C.E.; Ryan, L. Intermittent Energy
Restriction and Weight Loss: A Systematic Review. Eur. J. Clin. Nutr. 2016, 70, 292–299. [CrossRef] [PubMed]

96. Keogh, J.B.; Pedersen, E.; Petersen, K.S.; Clifton, P.M. Effects of Intermittent Compared to Continuous Energy Restriction on
Short-Term Weight Loss and Long-Term Weight Loss Maintenance. Clin. Obes. 2014, 4, 150–156. [CrossRef] [PubMed]

http://doi.org/10.1016/j.cmet.2018.04.010
http://www.ncbi.nlm.nih.gov/pubmed/29754952
http://doi.org/10.1016/j.clnu.2011.11.011
http://www.ncbi.nlm.nih.gov/pubmed/22154987
http://doi.org/10.3920/BM2019.0039
http://www.ncbi.nlm.nih.gov/pubmed/32073296
http://doi.org/10.5152/tjg.2019.19185
http://www.ncbi.nlm.nih.gov/pubmed/31854308
http://doi.org/10.1093/ajcn/nqaa388
http://doi.org/10.1038/s41467-021-22097-0
http://doi.org/10.3233/NHA-170036
http://www.ncbi.nlm.nih.gov/pubmed/29951594
http://doi.org/10.1007/s40292-020-00391-0
http://doi.org/10.3390/healthcare9050495
http://doi.org/10.1016/j.cmet.2019.07.016
http://www.ncbi.nlm.nih.gov/pubmed/23362726
http://doi.org/10.1007/s11357-010-9166-4
http://www.ncbi.nlm.nih.gov/pubmed/20628827
http://doi.org/10.1016/j.cmet.2018.01.014
http://doi.org/10.3390/nu11112796
http://www.ncbi.nlm.nih.gov/pubmed/31744052
http://doi.org/10.1007/s00125-010-2006-3
http://www.ncbi.nlm.nih.gov/pubmed/21174075
http://doi.org/10.1186/s13063-019-3928-9
http://doi.org/10.1007/s12603-013-0344-9
http://doi.org/10.1016/j.freeradbiomed.2006.12.005
http://doi.org/10.1001/jamanetworkopen.2018.0756
http://doi.org/10.1111/dme.13595
http://doi.org/10.3390/nu11102442
http://www.ncbi.nlm.nih.gov/pubmed/31614992
http://doi.org/10.1111/j.1467-789X.2011.00873.x
http://www.ncbi.nlm.nih.gov/pubmed/21410865
http://doi.org/10.1038/ejcn.2015.195
http://www.ncbi.nlm.nih.gov/pubmed/26603882
http://doi.org/10.1111/cob.12052
http://www.ncbi.nlm.nih.gov/pubmed/25826770


Nutrients 2022, 14, 1509 15 of 15

97. Ash, S.; Reeves, M.M.; Yeo, S.; Morrison, G.; Carey, D.; Capra, S. Effect of Intensive Dietetic Interventions on Weight and Glycaemic
Control in Overweight Men with Type II Diabetes: A Randomised Trial. Int. J. Obes. 2003, 27, 797–802. [CrossRef]

98. De Groot, L.C.P.G.M.; Van Es, A.J.H.; Van Raaij, J.M.A.; Vogt, J.E.; Hautvast, J.G.A.J. Adaptation of Energy Metabolism of
Overweight Women to Alternating and Continuous Low Energy Intake. Am. J. Clin. Nutr. 1989, 50, 1314–1323. [CrossRef]

99. Wing, R.R.; Blair, E.; Marcus, M.; Epstein, L.H.; Harvey, J. Year-Long Weight Loss Treatment for Obese Patients with Type II
Diabetes: Does Including an Intermittent Very-Low-Calorie Diet Improve Outcome? Am. J. Med. 1994, 97, 354–362. [CrossRef]

100. Williams, K.V.; Mullen, M.L.; Kelley, D.E.; Wing, R.R. The Effect of Short Periods of Caloric Restriction on Weight Loss and
Glycemic Control in Type 2 Diabetes. Diabetes Care 1998, 21, 2–8. [CrossRef]

101. Alhamdan, B.A.; Garcia-Alvarez, A.; Alzahrnai, A.H.; Karanxha, J.; Stretchberry, D.R.; Contrera, K.J.; Utria, A.F.; Cheskin, L.J.
Alternate-Day versus Daily Energy Restriction Diets: Which Is More Effective for Weight Loss? A Systematic Review and
Meta-Analysis. Obes. Sci. Pract. 2016, 2, 293–302. [CrossRef]

102. Sundfør, T.M.; Svendsen, M.; Tonstad, S. Effect of Intermittent versus Continuous Energy Restriction on Weight Loss, Maintenance
and Cardiometabolic Risk: A Randomized 1-Year Trial. Nutr. Metab. Cardiovasc. Dis. 2018, 28, 698–706. [CrossRef]

103. Meng, H.; Zhu, L.; Kord-Varkaneh, H.; Santos, H.O.; Tinsley, G.M.; Fu, P. Effects of intermittent fasting and energy-restricted diets
on lipid profile: A systematic review and meta-analysis. Nutrition 2020, 77, 110801. [CrossRef] [PubMed]

104. Schubel, R.; Nattenmuller, J.; Sookthai, D.; Nonnenmacher, T.; Graf, M.E.; Riedl, L.; Schlett, C.L.; Von Stackelberg, O.; Johnson,
T.; Nabers, D.; et al. Effects of intermittent and continuous calorie restriction on body weight and metabolism over 50 wk: A
randomized controlled trial. Am. J. Clin. Nutr. 2018, 108, 933–945. [CrossRef] [PubMed]

http://doi.org/10.1038/sj.ijo.0802295
http://doi.org/10.1093/ajcn/50.6.1314
http://doi.org/10.1016/0002-9343(94)90302-6
http://doi.org/10.2337/diacare.21.1.2
http://doi.org/10.1002/osp4.52
http://doi.org/10.1016/j.numecd.2018.03.009
http://doi.org/10.1016/j.nut.2020.110801
http://www.ncbi.nlm.nih.gov/pubmed/32428841
http://doi.org/10.1093/ajcn/nqy196
http://www.ncbi.nlm.nih.gov/pubmed/30475957

	Introduction 
	The Influence of IER on Humans 
	The Influence on Body Mass, Fat Mass, and Ectopic Fat 
	Insulin Sensitivity and Glucose Tolerance 
	Lipid Profile 
	Gut Microbiota 
	Biomarkers of Inflammation 
	Hypertension 
	Other Molecular Mechanisms 

	Adherence to IER Diets 
	Side Effects of IER Diets 
	Comparison to CER Diet 
	Current Limitations of Knowledge on IER Diet and Future Directions 
	Conclusions 
	References

