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Abstract: Background: The concept of time-restricted eating (TRE) or time-restricted feeding (TRF)
promotes daily periods of feeding and fasting to determine whole-body physiology. Chronic misa-
lignment of circadian rhythms or chrono-disruption is related to an increased risk of diverse meta-
bolic disorders. The progression of non-communicable diseases seems to be affected by the timing
of meals. As a result, intermittent fasting is a promising approach for their management. The aim of
the present literature review is to examine and scrutinize the TRE protocols in the fields of preven-
tion and management of metabolic disorders. Methods: This is a thorough literature review of the
reported associations among circadian rhythm, metabolic disorders, diabetes mellitus, obesity, TRE,
TREF, dietary habits, circadian disruption, cardiovascular diseases, atherosclerosis, and non-alco-
holic fatty liver to find the already existing clinical studies from the last decade (2014-2024) in the
most precise scientific online databases, using relevant specific keywords. Several inclusion and ex-
clusion criteria were applied to scrutinize only longitudinal, cross-sectional, descriptive, and pro-
spective clinical human studies. Results: The currently available clinical findings remain scarce and
suggest that chrononutrition behaviors such as TRE or TRF may promote several metabolic benefits,
mainly in body weight control and fat loss. Improvements in glucose levels and lipid profiles are
currently quite controversial since some clinical studies show little or no effect. As far as liver dis-
eases are concerned, the efficacy of intermittent fasting seems to be stronger in the management of
non-alcoholic fatty liver disease due to body weight decline and fat loss. Conclusions: Even if there
has been a gradual increase in clinical studies in the last few years, providing promising perspec-
tives, currently, there is no conclusive evidence for the role of chrononutrition in metabolic disor-
ders. Future studies should be well-designed with longer duration and larger sample sizes. Moreo-
ver, it is important to examine the best timing of the eating window and its feasibility.

Keywords: chrononutrition; metabolic diseases; time-restricted eating; time-restricted feeding;
circadian rhythms

1. Introduction

Chrononutrition is a field of research in nutritional sciences that investigates the
health impact of three different dimensions of feeding behavior: regularity of meals, fre-
quency, and timing of food intake [1]. These are distinguished into early chronotypes and
late chronotypes. The evening type has been associated with unhealthy food choices,
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night binge eating, and multiple metabolic disorders, whereas morning individuals are
associated with better mental health [2]. In humans, all the physiological functions are
adapted to the light/dark cycles [2]. The periodicity of this clock is approximately 24 h,
and it is therefore called a circadian rhythm. The suprachiasmatic nucleus (SCN) of the
hypothalamus functions as a “central clock” and coordinates “peripheral clocks” through
diverse hormonal and neuronal signals, sustaining the rhythmic gene expression of oscil-
lating genes [3]. At the heart of the molecular complex are the core transcription factors
circadian locomotor output cycles kaput (CLOCK) and brain and muscle Arnt-like pro-
tein-1 (BMALL1) [4]. CLOCK and BMAL1 drive the transcription of their own repressors,
period (PER) and cryptochrome (CRY), leading to a strongly self-regulated feedback loop.
Circadian rhythm alterations could have metabolic consequences in subjects carrying spe-
cific single nucleotide polymorphisms in other genes related to the circadian clock, such
as PNPLA3, PPARY, STAT3, and PPARGCu [4].

In the last few decades, it has been widely recognized that nutritional components,
including macro- and micro-nutrients and naturally occurring bioactive compounds, can
(directly or indirectly) regulate central and peripheral clocks. For example, high-fat diets
and the daily allocation of macronutrients appear to act like disruptors, exerting detri-
mental effects on several metabolic health factors [2,5]. Moreover, it is important to orient
the meal timing, the frequency, and the patterns of energy intake within the day/night
cycle [2]. During the day, genes related to glycogenesis and lipogenesis are active, while
during the night, genes related to growth, repair, glycogenolysis, and lipolysis are trig-
gered [6]. Remarkably, any trouble in these time ranges could be associated with impair-
ment of energy metabolism [3,7].

Currently, it is well established that the global prevalence of diabetes, obesity, ather-
osclerosis, and non-alcoholic fatty liver disease has become a major public health problem
and a burden on healthcare systems [8-10]. Their epidemic proportions urgently require
new and effective approaches for their management worldwide. In this aspect, chronic
misalignment of circadian rhythms or chrono-disruption has been related to an increased
risk of metabolic disorders due to extended exposure to artificial light, increased shift
work, sedentarism, untimely and frequent snacking, and jetlag, as well as industrializa-
tion [11,12]. Currently, and in view of the above considerations, there is no simple solution
to address the escalating risk of these diseases.

The concept of time-restricted eating (TRE) or time-restricted feeding (TRF) promotes
daily periods of feeding and fasting to determine whole-body physiology [13]. TRE, a sub-
type of intermittent fasting (IF) regimen that calls for a set window of time for eating and
fasting within each 24 h period, has attracted the research interest as a successful approach
for the prevention and co-treatment of obesity and metabolic disorders [14]. The window
of eating ranges between 4 and 12 h, without intentional changes in caloric intake [15,16].
An example of such a modification is alternate-day fasting (ADF), which involves eating
one day and then fasting the next day. On the day of fasting, one meal (most often con-
sumed at lunch) is usually eaten, which does not exceed 25% of the daily caloric require-
ment. Another example of IF modification is the introduction of 1 or 2 days of fasting per
week (5:2 days). The fasting day includes either the complete elimination of food or the
reduction in calories to a minimum level [15,16]. However, due to the limited feeding time,
amild caloric deficit is usual. On the other hand, TRF is more than just a caloric restriction;
it also synchronizes the feeding time with the awake/active phase when the body is best
able to metabolize food [2,5,6]. The most common types of the above time-restriction diet
protocols are depicted in Figure 1.

The progression of non-communicable diseases appears to be affected by the timing
of meals. As a result, IF seems a promising approach for their effective management. It
would be worthwhile to mention that in the application of TRE protocols, the implemen-
tation of current guidelines for diet composition and quality of diet, including the intakes
of whole grain, plant-based diets, limiting ultra-processed food, and portion control, is
highly crucial. Chrononutrition behaviors such as TRE or TRF may considerably
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positively improve metabolic disorders. However, the findings from the international sci-
entific bibliography data are still quite scarce and remain conflicting and inconclusive [17].
In this aspect, the aim of the present review is to examine and scrutinize the initial research
interest in TRE as a healthy nutritional intervention among humans that could contribute
to the regulation of circadian rhythm, improving metabolism, and overall metabolic
health in the fields of prevention and management of metabolic disorders.

Time
Restriction

Time-
Restricted
Eating

Intermittent
Fasting

Eating
5:2 Days window
4—-12 hrs

Alternate-Day

Fasting

Figure 1. Types of time-restriction diet protocols.

2. Methods

This is an in-depth, comprehensive literature review of the clinical evidence from the
last decade (2014-2024) concerning the role of chrononutrition and circadian rhythms in
the prevention and management of metabolic disorders. In fact, the most accurate scien-
tific databases, e.g., PubMed, Scopus, and Web of Science, were comprehensively searched

VZa7i

utilizing relevant keywords, such as “circadian rhythm”, “metabolic disorders”, “diabetes

/7 V77

mellitus”, “obesity”, “time restricted eating”, “time restricted feeding”, “dietary habits”,
“circadian disruption”, “cardiovascular diseases”, “atherosclerosis”, “non-alcoholic fatty
liver”, and “thyroid diseases”, to retrieve the clinical studies from the last ten years (2014—
2024). The results were filtered based on relevance, and the most relevant ones were se-
lected and quoted below. Only clinical human studies with a strong protocol design and
written in the English language were included in this review. Review articles, case reports,
and abstracts in conference proceedings were excluded from the final analysis.

The search was supplemented by scanning the reference lists of relevant reviews,
hand-searching key journals, and reviewing commentaries and editorials. The retrieved
surveys were, additionally, comprehensively checked for related studies quoted in their
text. All authors acted as reviewers. To enhance the consistency among reviewers, all of
them screened the retrieved publications, discussed the results, and amended the screen-
ing and data extraction manual before initiating screening for this review. The reviewers
working in pairs sequentially evaluated the titles, abstracts, and then the full text of all
publications identified by our searches for potentially relevant publications. We resolved
disagreements on study selection and data extraction by consensus and discussion with
all the authors/reviewers if required. The findings were selected based on relevance, and
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the most relevant ones were chosen and mentioned below according to the flow chart di-
agram depicted in Figure 2.

Records identified through
searching multiple
databases (n=5603)

Records excluded (n=5443)
Studies not written in English: 544
Abstracts in conference proceedings: 8
Commentaries, letters to the editor: 129
Records screened (n=5603) [ —— Review articles, editorials: 1313
Not human studies: 1739
Articles with more than 10 years publicated: 3236

Full-text articles to be Full-text articles were excluded (n=114)
assessed for eligibility _— Unable to retrieve articles: 10
(n=158) Do not fit into the conceptual framework of the study: 104

|

Studies included in
synthesis (n=44)

Figure 2. Flow chart diagram of study enrollment.

3. Results
3.1. TRE or TRF and Obesity

There are several clinical studies that assessed the effects of TRE or TRF on obesity.
The currently existing studies are summarized in Table 1. This table includes nine clinical
studies with adequate, well-organized methodologies.

Table 1. Clinical studies assessing the effect of TRE or TRF on obesity.

Study Type  Author (Country) Study Population Basic Results References

N =26, obese female and
male (ADF group N =34,

Randomlze.d Catenacci et al. 16/8 TRF group No significant difference in weight [18]
controlled trial (USA) loss between groups.
N =33, control group N =
34)
The reductions in body weight,
body mass index, and waist circum-
Randomlze.d Chair et al. (China) N =101, overweight or  ference in the ADF .anc.i .16/8 TRFE [19]
controlled trial obese female and male  groups were more significant than
those in the control group across the
study period.
. N =271, female and male .
Randomized Cai et al. (China) with NAFLD (ADF Both groups decreased body weight [20]

controlled trial after 12 weeks.

group, TRF group)
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Single-arm,

aired-sample Wilkinson et al. N =19, overweight or = Body weight was decreased after [21]
P .. ‘p (USA) obese female and male TRE intervention.
clinical trial
Prospective Gabel et al. (USA) N =14, obese female and Body welght. was deqeased after [22]
study male TRE intervention.
Randomized Schiibel et al. (Ger- N =150, overweight or ICR and CCR are effective methods 23]
controlled trial many) obese female and male for weight loss.
Randomized Sundfer et al. (Nor- N =112, overweight or Both mterm.ltt.e ntand cont.mu?u?
. energy restriction resulted in simi- [24]
controlled trial way) obese female and male .
lar weight loss.
There was a significant decrease in
Ra.n(.:lomiz.ed Lowe et al. (USA) N =116, overweight or weight ir.l the TRE b.ut no signifi.cant [25]
clinical trial obese female and male  change in the consistent meal tim-
ing (CMT) group.
Non-random-
ized clinical Schroder et al. (Bra- N =32, obese women  TRF reduced body weight (~4 kg). [26]

trial zil)

Catenacci et al. compared the effects of ADF, an IF approach in which you can fast
on one day and then you can eat what you want the next day, on changes in body weight
and insulin sensitivity index with changes in a standard weight-loss diet with moderate
daily caloric restriction [18]. The result of ADF intervention was only a 1.1 Kg greater de-
cline, possibly due to under-reported food intake and a decrease in non-resting energy
expenditure in the ADF group. Thus, future studies are needed to explore these mecha-
nisms [18]. Moreover, Chair et al. examined the effects of ADF and 16/8 time-restricted
fasting (16/8 TRF) on weight loss, blood glucose, and lipid profile in overweight and obese
adults with prediabetes [19]. The above intervention lasted 3 weeks. The findings of this
study showed improvements in both body weight and body mass index (BMI) [19]. More-
over, in a randomized controlled trial (RCT), Cai et al. evaluated the effects of ADF/TRF
on the body weight and lipid profile of individuals with non-alcoholic fatty liver disease
(NAFLD) [20]. Anthropometric measurements were collected, and plasma lipids were an-
alyzed enzymatically. ADF/TRF seemed to be an effective intervention for individuals
with NAFLD that can achieve body weight loss. In addition, this study found improve-
ments in total cholesterol in the ADF group. It is important to note that TRF decreased the

BMI, contributing to the deterioration of NAFLD progression [20].

Furthermore, Wilkinson et al. investigated the efficacy of TRE in combination with
pharmacotherapy in individuals diagnosed with metabolic syndrome [21]. It was shown
that ten-hour TRE reduced human body weight. These benefits exerted an additive effect
on the used medications. However, this study had some limitations as it was designed as
an unblinded, single-arm study. Moreover, it had several differences in the use of phar-
macotherapy, and it included a small sample size [21]. In another study, Gabel et al. ex-
amined the effects of 8 h TRF on the gut microbiome in adults affected by obesity [22]. The
findings of this study showed that body weight decreased by 2 + 1 kg. Nevertheless, this
study had certain limitations. In fact, it had a no-intervention control group and included
a small sample size [22]. In addition, Schiibel et al. conducted an RCT to examine whether
intermittent calorie restriction (ICR) could exert stronger effects on adipose tissue gene
expression, anthropometric and body composition measures, and circulating metabolic
biomarkers than continuous calorie restriction (CCR) and a control regimen [23]. Log rel-
ative weight change over the intervention phase was -7.1% # 0.7% with ICR, =5.2% + 0.6%
with CCR, and -3.3% + 0.6% with the control group. Moreover, this study provided evi-
dence for a slight body weight regain after initial weight loss in the ICR group, which was

not observed in the CCR group [23].
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Sundfor et al. examined the one-year effects of intermittent versus continuous energy
restriction on body weight loss [24]. Both diets resulted in an equivalent reduction in en-
ergy intake. Regardless of the type of diet chosen, weight loss was similar among partici-
pants in the intermittent and continuous energy restriction groups. Concerning body
weight maintenance after six months of intervention, the energy restriction was not
achieved by most individuals [24]. The main strength of this study is the generalizability
of its results due to the high retention rates in both groups and the inclusion of similar
proportions of men and women. Further long-term studies lasting for at least two years
or more may help determine whether intermittent energy restriction could be more effec-
tive compared with continuous energy restriction [24]. In another RCT, Lowe et al. as-
sessed the effect of TRE on body weight in individuals with increased BMI [25]. This study
found a significant decrease in body weight in the TRE group and a non-significant de-
crease in body weight in the CMT group. However, it should be noted that the main lim-
itations of this study were the self-reported measures and the lack of measurement of
some crucial parameters related to protein intake [25]. Lastly, Schroder et al. aimed to
explore the impact of TRF on body composition and the association of body weight loss
with metabolic and cardiovascular risks in obese middle-aged women [26]. The adopted
TREF protocol was 16 h without any energy intake followed by 8 h of normal food intake.
The findings of this study revealed that TRF may be considered an effective approach to
decrease body weight. However, the main limitations of this study were the lack of ran-
domization in the clinical trial and the absence of specific inclusion criteria concerning the
detailed nutritional aspects of the assigned individuals [26].

3.2. TRE or TRF and Diabetes Mellitus

There are several clinical studies that assessed the effect of TRE or TRF on diabetes
mellitus. The currently existing studies are summarized in Table 2. This table includes 10
clinical studies with adequate, well-organized methodologies.

Table 2. Clinical studies assessing the effect of TRE or TRF in diabetes mellitus.

Study Type Author (Country) Study Population Basic Results References
Improvement in blood glucose and in-
Randomizefsl Che et al. (China) N =104, oYerweight fe.male sulin. serTsitivity, quality of life, and r(:r— 27]
controlled trial and male with type 2 diabetes duction in the dosage of hypoglycemic
drugs.
Greater weight loss and no differences
Randomized N =69, overweight female and in hemoglobin Aic (HbAu1c); no differ-
Pavlou et al. (USA 28
clinical trial aviou etal. ( ) male with type 2 diabetes  ence between the TRE and CR groups (28]
compared with controls.
Single-arm, N =19, overweight or obese fe-
paired-sample Wilkinson et al. (USA) male and male with metabolic Reduction in HbAe. [21]
trial syndrome
N =101, overweight or obese
female and male with predia-
R . Lonifi ions in bl |
andomlze.d Chair et al. (China)  betes (ADF group N =34, 16/8 Significant reductions in blood glucose [19]
controlled trial were observed.
TREF group N = 33, control
group N =34)
No significant differences between
Randomlzefsl Carter et al. (Australia) N =137, female .zmd male with groups in body c.or.nposmon, fasting [29]
controlled trial type 2 diabetes glucose levels, lipid levels, or total
medication effect score at 24 months.
. N =43, overweight or obese fe- .
Randomized Gabel et al. (USA)  male and male with insulin re- Improvements in HOMA-IR due to [30]

controlled trial

. ADF vs. daily CR.
sistance
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Randomized Kunduraci et al. (Tur- N =65, female and male with

No significant differences were ob-
served in fasting plasma glucose, insu- [31]

controlled trial key) metabolic syndrome lin, HbAlc, HOMA-IR in both groups.
Randomized Obermayer et al. (Aus- N =47, female and male The IF group showed a significant 32]
controlled trial tria) with diabetes mellitus HbA1lc reduction.
trolled clini- The diff t
Contro €O M pecke etal. (USA) N =60, obese female and male ed ere.nce.s.be ween groups were [33]
cal trial not significantly different.
Combined with LCD, was associated
Clinical trial Khalfallah et al. (Egypt) N =485, prediabetic female w1t.h lower progre.551.on to dlab.etes . [34]
and male mellitus and lower incidence of impli-
cations.

Che et al. designed an RCT that explored the potential effects of TRF in overweight
patients diagnosed with type 2 diabetes [27]. The findings of this study demonstrated that
the TRF group had significant improvements in hemoglobin Alc (HbA1lc) over 12 weeks.
The main limitations of this study were the short time of intervention and the self-reported
data, which may include recall bias [27]. In addition, Pavlou et al. conducted a 6-month
RCT comparing the effects of an 8 h TRE group (eating ad libitum between 12:00 pm and
8:00 pm), a CR group (25% caloric restriction daily) and a control group (instructed to
maintain their body weight and daily eating habits) [28]. Participants in the TRE and CR
groups did not differ concerning glycemic control. However, the basic limitations of this
study were the short duration of the clinical trial and the lack of blinding of participants
[28]. Another clinical study investigated the potential effects of TRE in individuals diag-
nosed with metabolic syndrome [28]. This study demonstrated that a 10 h TRE interven-
tion over 12 weeks significantly reduced the levels of HbAlc. However, this study had a
severe limitation concerning its design as it was unblinded and included a small sample
size [21].

Furthermore, another clinical study examined the potential effects of ADF and 16/8
TRF on body weight, blood glucose, BMI, waist circumference (an index of abdominal
obesity), and lipid profile in overweight and obese individuals with prediabetes [19]. The
above study showed that both the ADF and 16/8 TRF groups achieved significantly favor-
able results in terms of reducing body weight, BMI, and waist circumference across the
study period compared to the control group. The main limitations of this study were the
short follow-up period and the small sample size. Hence, more studies are needed using
a more accurate methodology and longer duration, which are highly recommended to
verify the results and to better understand the underlying mechanisms [19]. Carter et al.
examined the effects of a 2-day intermittent energy restriction diet compared with contin-
uous energy restriction in individuals with type 2 diabetes at a 24-month follow-up and
12 months after the completed intervention [29]. This study indicated that HbAlc levels
did not differ between the two groups [29]. Gambel et al. compared the effects of ADF to
daily CR on body weight and glucoregulatory factors in patients with insulin resistance
and overweight/obesity [30]. This study provided evidence for the positive effects of IF
versus daily CR on glucoregulatory factors. The strengths of this study were the inclusion
of a no-intervention control group and the trial duration. However, this study also had
some limitations concerning the use of homeostatic model assessment for insulin re-
sistance (HOMA-IR) to assess insulin resistance and the lack of assessment of the number
of prediabetic individuals in the study sample [30]. In this aspect, future studies are highly
recommended to confirm the potential beneficial effects of IF in individuals with predia-
betes who implement hyperinsulinemic-euglycemic clamps to assess insulin resistance
and sensitivity [30].

In addition, Kunduraci et al. aimed to examine the effects of TRE on improving gly-
cemic biomarkers among adults with metabolic syndrome [31]. The intervention and con-
trol groups did not differ significantly in glycemic measures [31]. The main limitations of
this study were that the randomization was stratified only by sex and age, as well as the
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sample size, which was quite small. Thus, larger RCTs should further explore the clinical
effectiveness of fasting programs in metabolic syndrome patients [31]. In another study,
Obermayer et al. assessed the efficacy of IF in individuals with type 2 diabetes [32]. This
study found that after 12 weeks of intervention, the IF group exhibited a significant re-
duction in total daily insulin dose of 9 + 10 IU as opposed to the control group, with an
increase of 4 + 10 IU. The major strength of this study was its randomized controlled de-
sign in individuals with type 2 diabetes and the monitoring of the resting metabolic rate
(RMR) and physical activity levels [32]. A limitation of the study was the unblinded use
of a glucose monitoring system (CGM) for the study participants, which may have influ-
enced participants’ dietary habits [32]. Peeke et al. also investigated the effectiveness of a
daily 14 h metabolic fast combined with a commercial body weight management program
on body weight and fasting blood glucose (FBG) in individuals with obesity [33]. Partici-
pants in both groups demonstrated a reduction from baseline in fasting blood glucose.
However, a basic limitation of this study was its virtual design. Moreover, important
drawbacks of this study were the small sample size and its short duration. Thus, it was
suggested that longer and larger studies are highly required to verify the differences be-
tween the group focused on body weight and the group evaluating blood glucose [33].
Lastly, Khalfallah et al. examined the efficacy of both IF and low-carb diet (LCD) on mi-
crovascular and macrovascular outcomes in prediabetic patients [34]. This study demon-
strated a significantly greater reduction in body weight, BMI, waist circumference, and fat
percentage in group I (IF-LCD); however, no significant difference in visceral fat or skel-
etal muscle percentage between the two groups was noted [34].

3.3. TRE or TRF and Cardiovascular Diseases

Some clinical studies have assessed the effect of TRE on cardiovascular diseases. The
currently existing studies are summarized in Table 3. This table includes seven clinical
studies with adequate, well-organized methodologies.

Table 3. Clinical studies assessing the effect of TRE or TRF on cardiovascular diseases.

Study Type

Author (Country) Study Population Basic Results References

Randomized con-

N =59, obese female and Neither intervention had any effect

trolled trial Cienfuegos et al. (USA) male on plasma lipid levels. [35]
Early time-restricted feeding (eTRF)
R . ) . insuli e 1
andomized con Sutton etal. (USA) N =8 men with prediabetes improved insulin sensitivity, B ce [36]

trolled trial

responsiveness, blood pressure, ox-
idative stress, and appetite.

Clinical trial

Chow et al. (USA)

Diastolic blood pressure, LDL cho-
lesterol, HDL cholesterol, triglycer-
ides, and homocysteine were not [37]
significantly different from controls
after 12 weeks.

N = 46 obese female and
male

Randomized con-

N =22, non-obese, healthy No significant differences in cardi-

trolled trial Martens et al. (USA) female and male ometabolic risk factors. (8]
Lower diastolic blood pressure and
Randomizeq con- Jamshed et al. (USA) N =90, obese female and no differences in systolic blogd. [39]
trolled trial male pressure, heart rate or plasma lipid
levels.
Randomized con- N =271, female and male Intermittent fasting led to improve-
Cai et al. (China) with NAFLD [20]

trolled trial

(ADF group vs. TRF group) ments in NAFLD due to fat loss.

Cienfuegos et al. compared the effect of two popular forms of TRF (4 h and 6 h) on
body weight and cardiometabolic risk factors in adults with obesity versus a control group
that had no meal timing restrictions [35]. Reductions in insulin resistance and oxidative
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stress were noted, highlighting these regimens in preventing cardiometabolic disease.
However, this study had some limitations concerning the small size of the sample, the
indicators of oxidative stress, and the lack of cross-over design [35]. In addition, Sutton et
al. determined whether early TRF could reduce cardiovascular health markers and the
independent health effects of IF [36]. Early TRF was found to improve insulin levels and
blood pressure. However, early TRF did not affect HDL or LDL cholesterol levels. The
most important limitations of this study were the small sample size that completed the
trial and the lack of 24 h glucose levels and 24 h blood pressure measurements. Hence,
further studies are needed to clearly investigate the best feeding time window [36].

Furthermore, Gabel et al. assessed the potential effects of an 8 h time-restricted feed-
ing regimen versus a no-intervention control group on body weight and metabolic disease
risk factors in obese adults [37]. This study did not find any significant differences between
groups for diastolic blood pressure, heart rate, total, LDL and HDL cholesterol, triglycer-
ides, glucose, insulin, HOMA-IR, and homocysteine. However, this study suffered from
some limitations concerning the lack of a randomized design in the clinical trial, the short
duration of the intervention, and the self-reported data, which increased the possibility of
recall bias [37]. Accordingly, Martens et al. evaluated the feasibility of 6 weeks of time-
restricted vs. normal feeding for improving cardiovascular function in healthy midlife and
older adults under free-living conditions [38]. However, the findings did not support any
improvement in the primary outcome of vascular endothelial function [38].

Furthermore, Jamshed et al. investigated TRE with eating over a window of 12 or
more hours. This study demonstrated that the intervention reduced diastolic blood pres-
sure over a period of 12 or more hours at 14 weeks [39]. However, early TRE did not affect
most fasting cardiometabolic risk factors. Thus, it was suggested that future clinical trials
should enroll more participants and should carefully examine the eating window [39]. As
we mentioned before, Cai et al. also suggested that ADF could be an efficient approach for
the effective management of NAFLD with moderate caloric restriction [20].

3.4. TRE or TRF and Non-Alcoholic Fatty Liver Disease (NAFLD)

There are certain clinical studies that assessed the potential effect of TRE on non-
alcoholic fatty liver disease (NAFLD). The currently existing studies are summarized in Table
4. This table includes five clinical studies with adequate, well-organized methodologies.

Table 4. Clinical studies assessing the effect of TRE or TRF on NAFLD.

Study Type Author (Country) Study Population Basic Results References
Single-blind ran- . . . N
=28, female and male with Int ttent fast ficantly de-
domized controlled Feehan et al. (Australia) N'=28, female and male wi ntermitient fas 1ng‘s1gn1 1caT1 yde [40]
trial NAFLD creased hepatic steatosis.
Intermittent fasting led to improvements
Clinical trial Badran et al. (Egypt) N =98, NAFLD female and male in ultrasonographic, biochemical, and an- [41]
thropometric parameters of NAFLD.
Randomized con- N =271, female and male with Intermittent fasting led to improvements
trolled trial Cai etal. (China) NAFLD (ADF group vs. TRE in NAFLD due to fat loss. [20]
group)
Randomized con- Ezpeleta et al. (USA N = 80, obese female and male Irclitrah;}?atlc trlbg.lycirlde (IHTG;SCDO; :ent 0
trolled trial zpeleta et al. ( ) with NAFLD reduced in combination group ( ex- [42]
ercise).
TRE did not produce additional benefits
Randomized con- Wei et al. (China) N = 88, obese female and male  for reducing IHTG content, body fat, and [43]

trolled trial

with NAFLD metabolic risk factors compared with ha-
bitual meal timing.

Feehan et al. examined whether IF could ameliorate NAFLD progression and im-
prove symptoms’ severity [40]. The TRF group showed significant improvements in he-
patic fibrosis predictors like histology. However, the most important drawbacks of this
study were the small sample size and the method of NAFLD diagnosis, with ultrasound
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being the most accurate [40]. In addition, Badran et al. determined the potential short-
term effects of Ramadan fasting (RF) as a sort of IF on the biochemical parameters of pa-
tients with NAFLD [41]. More to the point, IF significantly reduced liver transaminases,
improved lipid profile, and decreased fibrosis score [41]. As we mentioned before, Cai et
al. found significant improvements in NAFLD progression [20]. In addition, Ezpeleta et
al. conducted a 3-month clinical trial to assess the differences between the intrahepatic
triglyceride content of ADF combined with aerobic exercise and ADF alone, exercise
alone, and a control group in adults affected by obesity and NAFLD [42]. This study re-
vealed that ADF combined with exercise significantly reduced intrahepatic triglyceride
content. However, to the best of our knowledge, there is no other study examining the
impact of aerobic exercise on types of diets such as IF, and therefore, future clinical trials
should be performed to verify these results over longer durations of time [42]. Accord-
ingly, Wei et al. aimed to compare the potential effects of TRE vs. habitual meal timing on
intrahepatic triglyceride content and metabolic risk factors among patients affected by
obesity and NAFLD [43]. The 8 h TRE diet was no more effective in reducing the intrahe-
patic triglyceride content and in achieving resolution of NAFLD among patients with
NAFLD than daily CR (habitual meal timing) with the same caloric intake restriction. The
main limitation of this study was the use of intrahepatic triglyceride content instead of
biopsy. Moreover, since this study began in January 2020, it was impacted by the COVID-
19 pandemic [43].

4. Discussion

According to the research literature, chrononutrition investigates the alignment of
food intake with circadian rhythms, which exhibits promising benefits for body weight
reduction and other cardiovascular risk factors [44]. Thus, based on the existing evidence,
chrononutrition could be considered a crucial agent for promoting the prevention and
effective management of several metabolic disorders (Figure 3). In this aspect, IF consti-
tutes an umbrella of different diets that involve eating at specific times. Also, it is becom-
ing a promising approach to achieving effective management and prevention of chronic
metabolic diseases [45,46]. A growing body of evidence indicates that TRE can produce
several metabolic benefits, mainly in body weight and fat loss [47]. To summarize the
available evidence, ADF has been associated with a mean weight loss of 0.75 kg per week,
whereas the form 5:2 has been associated with a mean weight loss of 0.25 kg per week [48].

In general, the mean duration of the existing studies was approximately 12 weeks
with or without simultaneous exercise intervention, which is usually associated with a
high degree of diet compliance. In this period, there may be a higher risk of hypopro-
teinemia/loss of muscle mass; thus, it is important to design and perform future studies
[49]. Based on the limited available data, more research will be needed before any solid
conclusions can be obtained. The improvements in glucose levels and lipid profile remain
controversial since some studies show little or no effect [50]. As it concerns liver diseases,
eating patterns, liver homeostasis, circadian clock function and metabolic health are all
fundamentally linked to each other. The efficacy of IF was stronger in the management of
NAFLD due to body weight and fat loss [51]. Moreover, most of the currently available
studies had adequate, well-organized methodologies. The majority of the existing studies
have been focused on individuals affected by obesity or diabetes mellitus, while a lower
number of studies have been performed on patients with cardiovascular diseases and
NAFLD. In addition, favorable effects of IF were observed in religious periods such as
Ramadan [41]; however, in specific periods like winter holidays, body weight fluctuations
are more commonly observed [52].

The main ways by which IF exerted positive effects on weight loss were reduced en-
ergy intake due to the limited eating window, depletion of liver glycogen, and activation
of fat storage as energy fuel [53]. Moreover, it can contribute to circadian perturbance and
influence the manifestation of metabolic disorders [54]. Indicatively, meal timing and fre-
quency, skipping meals, and fasting are all associated with metabolic syndrome. Eating
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frequent meals and eating in the morning could exert a protective effect on metabolic syn-
drome. On the other hand, eating at night, skipping breakfast, eating one meal per day,
and eating irregularly could facilitate the development of metabolic syndrome risks in
adults [54]. Apart from body weight loss, in the bibliography, there were several cellular
mechanisms that suggested positive effects on glucose regulation [53,55]. Notably, in-
cretin hormones, especially glucagon-like peptide-1 (GLP-1) and glucose-dependent in-
sulinotropic polypeptide (GIP), show diurnal variation and are augmented in the early
part of the day, leading to a more rapid insulin response to nutrient intake in the morning.
Comparing isocaloric meals of identical macronutrient composition consumed at 08.00 h
and 17.00 h, the morning meal led to rapid increases in both GLP-1 and GIP, leading to
rapid insulin response and lower post-prandial total and peak glucose levels [56]. These
variations in morning metabolic physiology could contribute to the ‘second meal phenom-
enon’, which is depicted by an attenuated increase in blood glucose levels in response to
a second meal when preceded by a prior meal earlier in the day [55,56]. However, patients
with type 2 diabetes who take both insulin and oral hypoglycemic medication may be at
higher risk of developing hypoglycemia; thus, it is important to design and perform future
studies to clarify this issue.

Body Weight
management

Improvements in

ultrasonographic, Chrononutrition Cardiometabolic
biochemical, and parameters

anthropometric Benefits improvement
parameters of NAFLD

Improvementin
blood glucose and
insulin sensitivity and
HbA,.reduction

Figure 3. Chrononutrition as a crucial agent for promoting the prevention and effective management
of several metabolic disorders.

Analyzing the concept of chrononutrition, the recent COVID-19 lockdown and its
confinement measures should also be taken into consideration, as the COVID-19 pan-
demic has exerted a significant impact on people’s daily lives worldwide. In this aspect,
an emerging body of research suggests that personality traits capture the individual dif-
ferences observed in health behaviors during the COVID-19 pandemic [57]. A recent ex-
ploratory study has highlighted the substantial impact of the COVID-19 lockdown on the
association between personality and chrononutrition, emphasizing the significance of ad-
dressing differences in how individuals respond to the pandemic and understanding how
personality can predict what and when people eat when faced with a novel environment
[58]. Notably, during the first COVID-19 lockdown in Italy, a cross-sectional study re-
vealed a change in eating habits for 58% of its participants in terms of mealtimes or content
of meals. Being an evening chronotype and experiencing poor sleep implied a higher risk
of changing eating habits, including a delay in the timing of meals [59]. A nested case-
control study also showed that during the COVID-19 pandemic, its participants consumed
their breakfast less regularly than before the COVID-19 pandemic, suggesting that meal
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regularity declined during the COVID-19 pandemic, while meal frequency, especially
snack consumption, increased [60].

There is also recent evidence that chrononutrition behaviors such as TRE or TRF may
have a potential impact on emotional state and mood. In this aspect, Murta et al., have
suggested that IF may exert positive effects for the treatment of mood disorders [61]. How-
ever, most of the available clinical trials have specific limitations, such as small sample
sizes and uncontrolled designs, highlighting the need to perform better-designed studies and
controlled evaluations to assess its efficiency in the treatment of major depression [61].

Collectively, there are some limitations of the studies reviewed. In fact, most of the
studies had a small sample size and a short duration of intervention. Thus, it is important
to design and perform future studies with longer duration and larger population-based
sample sizes [62,63]. Moreover, it is important to determine the best timing of the eating
window and its feasibility [8]. In addition, it is very important to clarify the individuals’
chronotype when choosing the most efficient meal timing [64]. The ideal duration of such
types of nutritional intervention, such as TRE or TRF, should also be specified, after which
a less time-restricted diet could be applied for maintaining body weight loss and the other
beneficial effects of TRE or TRF throughout a lifetime [65]. Additionally, future studies
should take into consideration diverse potential confounding factors that may affect their
final outcomes, such as sociodemographic (age, sex, nationality, education, economic sta-
tus, and family/marital status) and lifestyle (e.g., physical and mental health) factors.

5. Conclusions

In the last few years, there has been a gradually increasing number of clinical studies
evaluating the potential beneficial effects of specific chrononutrition behaviors, such as
TRE or TRF. These studies focus on the prevention or co-treatment of diverse chronic dis-
eases, with a particular emphasis on metabolic disorders. They especially examine the re-
duction of body weight, body composition, blood glucose, insulin, and triglycerides in
individuals with excessive body weight or body weight-related metabolic disorders. Sev-
eral clinical studies revealed promising beneficial effects of the chrononutrition concept
on metabolic disorders, promoting metabolic health. However, several of them have seri-
ous limitations. In this aspect, future well-designed clinical studies with an adequate nu-
tritional intervention duration are highly recommended in order for more precise conclu-
sions to be drawn. The long-term effects of the COVID-19 pandemic and their potential
impact on chrononutrition behaviors should also be taken into account in future studies.
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