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Abstract: Mealtimes and feeding schedules may interfere with the circadian system and impact
sleep. The practice of intermittent fasting (IF) in its different formats is increasing worldwide.
However, most studies addressing the effect of IF on circadian rhythms, daytime sleepiness,
and sleep architecture have been conducted during diurnal IF for Ramadan. In this article, we
analyze the effect of diurnal IF on the circadian clock, sleep, and daytime sleepiness. In free-
living, unconstrained environments that do not control for lifestyle changes such as sleep/wake
schedules, sleep duration, and light exposure, studies have demonstrated sudden and significant
delays in bedtime and wake time during diurnal intermittent fasting for Ramadan. However,
subsequent studies that accounted for lifestyle factors and sleep/wake patterns have reported no
changes in markers of the biological clock, daytime sleepiness, or sleep parameters. Neverthe-
less, several researchers have demonstrated a reduction in the proportion of rapid eye movement
stage sleep as the significant alteration in sleep architecture during fasting.

Keywords: mealtime, Ramadan, chronotype, sleep architecture, alertness, food, light, caloric
restriction

Introduction
Fasting, mealtime, and sleep may interact and impact the circadian rhythm of various
body organs and cells when food is not consumed at a suitable time relative to the timing
of the circadian clock of the body."* Intermittent fasting (IF), in which one voluntarily
refrains from food intake for specific times, is an old tradition that is implemented in
different practices by various societies around the world.>* Several religions practice
periods of fasting in their rituals, including Islam, Christianity, Judaism, Hinduism,
and Buddhism.’ Recently, IF practice has become popular, and there has been great
attention to the physiological and metabolic consequences of IF among researchers.!

IF is different from caloric restriction (CR), in which caloric intake is lowered for
long periods by 20%—40% but meal frequency is preserved.® Several types of IF have
been described in the literature, including complete fasting every other day,” significant
CR every other day,® eating only a small amount of calories (500—700) 2 consecutive
days/week,’ “time-restricted feeding,” where food intake is restricted to a specified
time daily,' fasting 1 or 2 days per week and allowing 5—6 days ad libitum ingestion
of food, and the spiritual diurnal IF practiced during Ramadan, in which there is total
abstinence from food and drink during daytime (dawn to dusk).!"!?

Most of the previous studies on experimental IF have assessed its effect on metabolic
and cardiovascular risks.' Most studies addressing the impact of IF on sleep and circadian
rhythm have been conducted during diurnal IF for Ramadan. Therefore, in this article,
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we address the impact of diurnal IF on some markers of the
circadian clock, sleep parameters, and daytime sleepiness.

IF for Ramadan
Diurnal IF for Ramadan is distinct from other forms of
experimentally studied fasting for several reasons; therefore,
it needs to be treated as a separate entity. Ramadan fasting
comprises diurnal IF from dawn to sunset, where participants
refrain from eating and drinking during the specified period.
Ramadan is a month of the Arabic (Hijri) year and hence
follows the lunar system. This implies that Ramadan comes
during a different season every 9 years, which could affect
the duration of daytime and hence fasting duration, where
daytime is longer during the summer than in the winter.'
Moreover, diurnal IF is practiced for the full month of
Ramadan; this long duration may permit greater adjustment
to the fasting protocol than that typically occurs in other
forms of experimental IF. Furthermore, several studies have
shown that Ramadan is accompanied by lifestyle changes
that may influence sleep and circadian rhythms (Figure 1).

Review method
The literature search started on the May 1, 2018, with the

9

following keywords: “sleep,” “sleep pattern,” “daytime

EEINT3 ELINT3

sleepiness,” “polysomnography,” “sleep architecture,”

“circadian rhythm,” “intermittent fasting,” and “Ramadan,”
using PubMed (80 results), Clarivate (94 results), and Google

Scholar (105 results). In addition, the reference lists of the
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Figure | Lifestyle changes that accompany the month of Ramadan and that may
affect sleep and circadian rhythms.

identified articles were also searched for further references.
The following inclusion criteria for human studies were used:
children, men, and women were accepted as participants,
and both randomized controlled trials and nonrandomized
trials were accepted.

Impact of diurnal IF on the

circadian rhythm

All cells of the human body have circadian clocks, which are
generally classified into peripheral and central clocks based
on their anatomical place. The central master clock is located
in the suprachiasmatic nucleus (SCN) of the hypothalamus.
On the other hand, the peripheral clocks are located in differ-
ent organs and tissues.'* Both central and peripheral clocks act
to preserve the circadian rhythm of different tissue physiology
via controlling “tissue-specific gene expression.”'

With the aim of ensuring external synchrony between
the body and the surrounding environment, besides internal
synchrony and correct chronological alignment between
the central and peripheral clocks, the timing of the body
circadian system must be calibrated repeatedly.'* The main
entrainment factor (or “Zeitgeber”) for the SCN is light,
while peripheral circadian clocks are affected by “neurohu-
moral modulation.”'® Therefore, certain behaviors such as
the timing of feeding and the timing of abstinence of food
may affect the circadian rhythm.!"!?!¢ Data that address the
impact of IF on the circadian rhythm are limited, and most
of those data address the impact of Ramadan diurnal IF on
the circadian rhythm. However, current evidence shows that
high caloric consumption can lead to alterations in “clock
gene expression” in the SCN and other central nuclei.!”!8
In addition, animal studies have shown that temporal
food restriction and enforced meal times are powerful
synchronizers for body clocks in peripheral tissues, while
maintaining a fixed light—dark cycle exposure.'” Moreover,
it has been shown that mealtime schedules can trigger the
activation of neural circadian clock genes in several species,
which is assumed to be controlled by a “food-entrainable
clock.”2%0

Almost all physiological systems in the body follow a
circadian rhythm, which is reflected by measuring certain
hormones and core body temperature.?! During Ramadan
diurnal IF, 2—3 meals are taken after sunset: breakfast (a light
meal) is taken at sunset, dinner is taken following night prayer
in some countries (~1-3 hour after sunset), and a “predawn
meal” (Suhur), which means that food consumption, is moved
to the hours of darkness. This food intake shift partly inverts
the normal circadian pattern of food intake. In theory, this
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shift in mealtime may disrupt the circadian rhythm and bio-
logical clock of fasting participants.'?

Subjective assessment of chronotype

One study assessed chronotypes using an abridged version of
the Horne and Ostberg questionnaire in fasting and nonfasting
individuals during Ramadan diurnal IF in a “free-living environ-
ment” to define three behavioral groups: morning-type, eve-
ning-type, and neither-type.”>? Interestingly, the study reported
an increase in the evening chronotype among the performers of
fasting at both the beginning and the end of Ramadan month
compared with baseline. Similarly, an increase in evening chro-
notype was also reported in nonfasting people during Ramadan,
which advocates that lifestyle changes other than fasting may
influence the circadian rhythm during Ramadan.? This result
strengthens the hypothesis that lifestyle changes accompanying
Ramadan may affect circadian rhythms.

Effects of diurnal IF on body temperature
Core body temperature increases during the day and
decreases at night. Sleep onset is accompanied by a decrease
in core body temperature, whereas an increase in core body
temperature initiates the wakefulness process.?! Studies that
assessed changes in core body temperature during Ramadan
diurnal IF have reported conflicting results (Table 1). In
general, studies that assessed the circadian rhythm during
Ramadan diurnal intermittent fasting can be divided into two
categories: category 1 encompasses studies that examined
the changes in some markers of the circadian clock in an
unconstrained “free-living environment” without controlling
for confounders and lifestyle changes such as meal composi-
tion, caloric intake, total sleep time, energy expenditure, or
light exposure,?*” and category 2 encompasses studies that
controlled for the above confounders.?®3°
Twenty-four-hour continuous monitoring of rectal tem-
perature in six healthy volunteers during Ramadan revealed
delays in both the “bathyphase” and the “acrophase” of body
temperature (ie, the times at which the calculated minimum
and maximum values of body temperature occur, respec-
tively).?> One more study reported that the circadian rhythm
of body temperature was reversed during Ramadan diurnal IF,
with significant decreases in oral temperature at the follow-
ing times: 09:00, 11:00, 13:00, and 16:00, and considerable
increases in temperature at 23:00 and 00:00 hours.?* Con-
versely, a third paper that assessed the oral temperature of vol-
unteers during the first and third weeks of Ramadan at 08:00,
16:00, and 00:00 using a “high-precision” thermometer while
controlling for the composition of meals and sleep duration

reported no changes in body temperature.® The above studies
did not control for most of the lifestyle changes discussed
earlier that may impact the circadian rhythm regardless of
fasting. To assess the potential effects of lifestyle changes that
accompany Ramadan, a well-designed study recruited young
adults with “delayed sleep phase disorder” (evening chrono-
type) who used to sleep during the daytime and wake up and
eat at night.>* In an unconstrained, free-living environment,
the investigators use a portable armband physiological and
activity sensor to measure circadian alterations in proximal
skin temperature and energy expenditure before Ramadan
and during the first 2 weeks of Ramadan.?* Interestingly, the
study revealed a further delay in the “acrophase” of proximal
skin temperature and energy expenditure denoting a shift in
the circadian pattern. The findings of this study support the
hypothesis that factors other than the sudden shift in meal-
times may influence sleep patterns and circadian rhythms
during Ramadan.* Table 1 summarizes the studies that have
examined the circadian rhythm of body temperature during
diurnal IF for Ramadan.

Effects of diurnal IF on melatonin and

other hormones
Melatonin is a useful marker of circadian rhythm because it is
highly precise and accurate.?6*!*2 Therefore, proper measure-
ment of melatonin level is an excellent method to examine
the impact of diurnal IF on the circadian rhythm. One study
assessed the blood levels of melatonin every 4 hours (not
including the 02:00 time point measurement to avoid sleep
disruption) before and at the end of the third week of Rama-
dan.” The study revealed a reduced, delayed night peak and
a flattened slope in serum melatonin concentrations during
Ramadan.”” Another study, which measured the salivary
melatonin levels of eight healthy volunteers (who performed
diurnal IF) over a 24 hours period (08:00, 16:00, and 00:00)
at three time points — 1 week before Ramadan and at the
end of the first and third weeks of Ramadan — while control-
ling for total sleep time, revealed a statistically significant
fall in melatonin concentrations at 00:00 and 16:00 during
Ramadan compared to baseline levels.’® Although the study
reported comparable trends in melatonin circadian pattern
during Ramadan and at baseline, the slope was flatter in the
former case.’® However, the above studies failed to measure
melatonin late at night, neglecting the possibility of a late-
night peak in melatonin concentrations.

None of the above studies accounted for potential
confounders that may accompany Ramadan and affect
the measured melatonin levels. In a subsequent study,
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we attempted to overcome those limitations by assessing
circadian profiles of serum melatonin during diurnal IF
outside Ramadan (to assess the impact of diurnal IF act
in the absence of the lifestyle changes associated with
Ramadan) and during the second week of Ramadan while
controlling for light exposure, sleep pattern, total sleep
time, and meal composition.?® In eight healthy volunteers,
serum melatonin was measured at five time points (22:00,
02:00, 04:00, 06:00, and 11:00) three times: 4 weeks before
Ramadan where volunteers were asked to perform diurnal
IF (fasting outside the month of Ramadan) for 1 week, 1
week before Ramadan during which volunteers were not
fasting and living a routine life, and during the second week
of Ramadan while performing diurnal IF. The trough in
melatonin levels occurred 11:00 during the three studied
periods, which shows that diurnal IF has no significant
effect on the circadian rhythm of melatonin when other con-
founders are accounted for. In addition, a cosinor analysis
of melatonin levels showed no significant changes in the
“acrophase.”?® Therefore, the previously reported changes
in melatonin levels during Ramadan could be related to
the lifestyle changes that accompany Ramadan. Nonethe-
less, more studies with larger sample sizes are required to
evaluate the effects of diurnal IF on melatonin levels and
circadian patterns. Table 2 summarizes the studies that have
objectively addressed changes in the circadian pattern of
melatonin during diurnal IF for Ramadan.?’-?3

Most studies assessing melatonin levels during diurnal IF
have consistently reported a reduction in measured melatonin
levels, even during short-term experimental fasting.*® Several
theories have been suggested to understand the decrease in
melatonin levels during fasting. The nocturnal increase in
cortisol levels during Ramadan is a possible mechanism.>3*
In addition, it has been proposed that a decrease in the glucose
supply during fasting may result in a decrease in melatonin
synthesis,* as it has been shown in rats that mild hypogly-
cemia decreases melatonin levels, and administration of
glucose improves the decrease in melatonin levels.* However,
previous studies have shown that hypoglycemia does not
happen in healthy individuals during diurnal IF.*” Reduction
in tryptophan had been proposed as a possible mechanism
of the reduction in melatonin levels during Ramadan diurnal
IF, as tryptophan is essential for melatonin synthesis. Nev-
ertheless, this proposed mechanism is improbable because
short duration diurnal IF is not likely to cause a reduction
in tryptophan.*

Both leptin and ghrelin hormones are influenced by fast-
ing, mealtime, and sleep. Hence, the abrupt shift in mealtime

during diurnal IF for Ramadan may entrain the circadian
rhythms of both hormones.

Two previous studies have examined the impact of diurnal
IF on the circadian patterns of leptin using a cosinor analysis.
The first study was conducted on free-living participants
and revealed a major shift (~5 hours) in the peak and nadir
serum leptin concentrations in the third week of Ramadan.*
However, the amplitude and 24 hours mean concentrations of
leptin levels revealed no significant changes compared to the
levels before Ramadan. Another study reported a significant
decrease in plasma leptin concentration at 22:00; however, a
cosinor analysis demonstrated no significant changes in the
circadian rhythm of leptin.” The sudden change in mealtime
during Ramadan may explain the nocturnal decrease in
plasma leptin levels. The difference between the findings of
the two studies could be explained by the fact that the second
study controlled for lifestyle changes and environmental
conditions, while the first study did not, which might have
resulted in a delay in the circadian rhythm of leptin in the
first study.

So far, only one study has evaluated circadian rhythm
of ghrelin during Ramadan diurnal IF while controlling
for eating habits and environmental conditions.? A cosinor
analysis revealed no significant changes in the “acrophase”
of the circadian rhythm of ghrelin.?

In summary, the above-reviewed studies suggest that
during Ramadan diurnal IF, there is a delay in the circadian
clock. However, when eating habits and environmental
conditions are accounted for, diurnal IF does not signifi-
cantly affect the circadian rhythm of body temperature and
melatonin.

Effects of diurnal IF on sleep

Subjective assessment of sleep
When assessing the influences of diurnal IF during Ramadan
on sleep, it is essential to consider the accompanying life-
style changes during the holy month. For example, in some
Muslim countries, the beginning of work is delayed and work
duration is shortened during Ramadan. Some of the earlier
studies that assessed sleep patterns during Ramadan used
sleep diaries and self-reported data. Studies that assessed
sleep/wake pattern in three Muslim countries revealed a
significant sudden delay in bedtime and wake time during
Ramadan in performers of diurnal IF.?!:23:30.3940
Interestingly, one study demonstrated bedtime delay dur-
ing Ramadan even in nonfasting subjects.” This documented
delay in bedtime and rise time reflects the delay in the start
of work during Ramadan.
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With regard to sleep duration, conflicting results were
reported during Ramadan. Whereas some studies reported
a reduction of sleep duration during Ramadan,#! others
reported no significant alterations in nighttime sleep duration
during Ramadan.?'?* Nevertheless, in a study that assessed
sleep duration objectively using actigraphy in eight fasting
(diurnal IF) and eight nonfasting volunteers in a free-living
environment during Ramadan, bedtime and wake time were
delayed in the fasting volunteers, and a significant reduction
in total sleep time was observed in the fasting group.*

The discrepancies between the above studies may reflect
cultural and lifestyle variations among countries or the use
of different subjective assessment tools.!>!?

Objective assessment of sleep
Sleep architecture
A few studies have objectively measured sleep parameters
during the month of Ramadan among volunteers practicing
diurnal IF using in-laboratory polysomnography and home-
based ambulatory unattended polysomnography.?330:43.44
Table 3 summarizes the studies that have evaluated sleep
architecture using polysomnography during Ramadan diurnal
IF. In studies that controlled for sleep/wake pattern, diurnal
IF had no effect on nonrapid eye movement sleep stages,
stage shifts, arousal index, or measured cardiorespiratory
parameters.?>3%* One study objectively assessed sleep among
young athletes and revealed no changes in total sleep time
during Ramadan diurnal IF; however, the study reported a
significant increase in the number of awakenings.** Never-
theless, a major limitation of the last study is the fact that
the study athletes suddenly changed their primary sleep
time from night to daytime, and the study did not account
for naps. Therefore, the abrupt changes in bedtime and rise
time may have accounted for the observed changes in sleep
architecture.!74

A recent study controlled for the lifestyle changes asso-
ciated with Ramadan, such as sleep/wake pattern, caloric
consumption, meal composition, and light exposure to
eliminate variables other than meal timing that might affect
sleep architecture; it objectively assessed sleep architecture
at baseline, during diurnal IF outside Ramadan, during
Ramadan, and during a nonfasting period after Ramadan.*
Rapid eye movement (REM) sleep proportion decreased
while fasting during and outside Ramadan compared with the
baseline; however, the proportion of REM sleep reverted to
normal during recovery (after Ramadan).* Three other stud-
ies reported a reduction in REM sleep during Ramadan. 253043
In agreement with the above, studies that assessed the effect

of experimental fasting on animals reported similar changes
in sleep architecture.*® REM sleep disappeared in piglets
following 18 hours of fasting, which reverted to normal
after feeding.*

Several hypotheses have been proposed to account for
the decrease in REM sleep during fasting; however, the
precise mechanisms are unknown.'? In addition, the clini-
cal consequences of reduced REM sleep during fasting are
unknown. Proposed theories to understand the decrease in
REM sleep during fasting include the documented nocturnal
rise in cortisol and insulin,*’*® and the possible increase in
nocturnal body temperature as a result of eating exclusively
at night during diurnal IF.>* Increased nocturnal tempera-
ture could result in a reduction in REM sleep proportion.*->°
Another proposed mechanism is the interruption of sleep in
the early morning (predawn) for the predawn meal (Suhur),
which is the period in which the major fraction of REM
sleep usually occurs.*

Sleep latency
With regard to sleep latency during Ramadan IF, studies have
reported conflicting results. Roky et al showed a significant
increase in sleep latency and a significant reduction in noc-
turnal sleep time.?® However, in that study, dinner was served
30 minutes before going to bed; the short time between dinner
and bedtime could have affected sleep latency. Later studies
that provided dinner at an earlier time (3-3.5 hours before
bedtime) and controlled daytime naps revealed no change
in sleep latency.!33044

The above-reviewed studies suggest that when dinner is
provided early and daytime naps are controlled for, diurnal
IF does not have major influence in sleep architecture. The
only change in sleep architecture consistently reported is
the reduction in REM sleep.** However, in a free-living
environment that does not control for confounders that usu-
ally accompany Ramadan such as mealtimes or the daytime
naps, sleep latency and sleep architecture may be disturbed.*

Daytime sleepiness

A discussion of the effect of diurnal IF on sleep would not
be complete without reviewing the impact of daytime fast-
ing on daytime sleepiness. Several studies have assessed
the interaction between daytime sleepiness and diurnal
IF during Ramadan both subjectively?!-23:30.39.40424451 apd
objectively.3*#>! However, these studies reported conflicting
results, which may reflect the differences in the used assess-
ment tools, the lack of objective assessment or the failure to
control for potential confounders that could impact daytime
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alertness. Table 4 summarizes the studies that have assessed
daytime sleepiness during diurnal IF in Ramadan.

Subjective assessment

Studies that used the Epworth Sleepiness Scale (ESS) score to
assess daytime sleepiness reported conflicting results. Some
studies reported a significant increase in daytime sleepi-
ness,”!? whereas other studies demonstrated no significant
Changes.23’30’39*52

Objective assessment

In three studies, daytime sleepiness was measured objectively
using the multiple sleep latency test (MSLT) under controlled
conditions.?**>! The first study demonstrated an increase in
daytime sleepiness at the 10:00 and 12:00 naps in the last
week of Ramadan.’! However, the study used an unattended
polysomnography recording device, which necessitated the
end of the test 20 minutes after the beginning of recording
regardless of sleep onset.

To avert the above shortcomings, a subsequent study
used a standard attended MSLT.?® This study measured
sleep latency, sleep onset latency, or wake efficiency on the
first and third weeks of Ramadan and reported no changes
compared with baseline measurements.’® Furthermore,
spectral analysis of electroencephalography waves during
each nap revealed no difference between Ramadan and
baseline.® However, the previous studies did not control
for the possibility of sleep deprivation on the nights prior
to assessing sleep and daytime sleepiness. A recent study
aimed to objectively assess the impact of diurnal IF during
Ramadan on daytime sleepiness in eight healthy subjects
while providing a fixed sleep—wake schedule, fixed caloric
intake, controlled light exposure, and objective monitoring
of sleep duration for several nights before the assessment
of daytime sleepiness.* The assessment was performed on
four occasions using attended MSLT and the ESS. During the
first visit (adaptation night), wrist actigraphy was provided
before the start of the study to monitor sleep pattern while
at home to ensure that they had a fixed sleep—wake pattern.
In subsequent visits, daytime sleepiness was measured
using MSLT and ESS in the following order: 21 days before
Ramadan after 1 week of diurnal IF “baseline fasting,” 7 days
before Ramadan “nonfasting baseline,” on the 24th day of
Ramadan, and 14 days after Ramadan “recovery.” The study
revealed no changes in the ESS across the four study times.
In addition, the MSLT measurements revealed no differences
in sleep latency among the “nonfasting baseline,” “baseline
fasting,” “Ramadan,” and “recovery” time points.

Another study assessed the impact of diurnal IF during
Ramadan on drowsiness under controlled conditions with a
fixed light/dark exposure, caloric intake, sleep/wake sched-
ule and sleep duration via measuring total blink duration
(measured using infrared reflectance (IR) oculography) and
the mean reaction time (MRT).%' The results of this study
showed that diurnal intermittent fasting had no impact on
drowsiness or vigilance.®!

CR has been reported to enhance alertness and to upregu-
late orexin gene expression in animal models.’*** It has
been proposed that mammals, when exposed to a negative
energy balance, respond with enhanced alertness to improve
their capability to find food.>>3¢ It has also been shown in
animals that orexin (an excitatory neurotransmitter) neurons
are important for this adaptive response during fasting.’’
Moreover, orexin neurons interact closely with the “hypotha-
lamic—pituitary—adrenal” (HPA) axis,*® and stimulation of the
sympathetic and HPA tone secondary to fasting may further
induce arousal through the orexin system.* Therefore, a recent
study assessed the effects of diurnal IF during the month of
Ramadan on plasma orexin while controlling for lifestyle
changes that may accompany Ramadan, like sleep duration,
bedtime and wake time, energy expenditure, light exposure,
and food, in eight healthy young men.® The results showed
that plasma orexin levels increased during the fasting hours.

Summary

The impact of diurnal IF on circadian rhythm, sleep, and
daytime sleepiness is an exciting topic that deserves future
research. Earlier studies have suggested that diurnal IF dur-
ing Ramadan causes a delay in the circadian rhythm of core
body temperature and hormonal secretion. However, more
recent studies controlling for lifestyle changes that may
influence circadian rhythm showed no effects of diurnal IF
on the circadian rhythm.

In free-living, unconstrained environments that do not
control for lifestyle changes, studies have revealed abrupt
significant delays in bedtime and rise time. Nevertheless,
studies that controlled for environmental conditions and
sleep—wake pattern revealed no significant changes in sleep
architecture, indicating that the earlier reported changes
could be secondary to concomitant lifestyle changes rather
than the fasting act per se. The only consistent change in all
studies that assessed sleep architecture during diurnal IF is
a decrease in the amount of REM sleep.

Although earlier subjective studies reported an increase
in daytime sleepiness during diurnal IE, subsequent studies
that controlled for confounding factors reported no changes.

Nature and Science of Sleep 2018:10

submit your manuscript

447

Dove


www.dovepress.com
www.dovepress.com

Dove

Almeneessier and BaHammam

(panunuoy)

AuAnoe

[ed1sAyd pue uonisodwod
[eaw Joj pa|j0Jauod)
aujjaseq 1e

ueyy uepewey Sulnp ssa)
Jnoy | 1dajs suaa3unjop
usened

>em/das|s Joy pajjo.auod

a3ueyd 30U pIp 44D
uepewey jo 3uiuuidaq

3y e pasea.dul | YW
SSaUIS[e SWNAep paseatda

00:€T PU® ‘00:0T

‘00:91 ‘00:€1 ‘00:11 ‘00:60
:Aep ay3 Jo saW JUIIIYIP 9
Je us)je] sjuswaJdnseaw ||y
440

LA
o|eds Sojeue [ensip

saJanseawl
psaeadad yam Apms
JaA0ssOUD aseD)

0220.0}] :UOI1EI0T
(saeak g7—07 @3¢)
s129lgns

3unoA Ayjeay |

I8 30 Ajoy

JuUdWISSasSE 2A1NIAAqO

JUSWIUOUIAUD SUIAI|
-99.) ‘pauleJISUOdOUN UE Ul
P312NPUOD SEM JUIISSISSY

oaMm 3sJly ay3

Ul UBY3 UBPEBWIEY JO 99M
1s€| 33 Ul Jamo| Apuedyiuis
sem dnou3 Bunsey ayy Suowe
9025 §S3 Y3 USAIMOH
sdno.s

OM3 33 UdaMIaq ssauldas)s

saJdnsesaw _UOHNUQOL

AurwIaL) :uonedo
(4294 86°0FC'9T
:28¢e) (gz=u) dnous
Sunsejuou {(saeak
86'0FC 19T :98¢)
(gz=u) dnoug Sunseq
sinpe

JUSWISSISSE DARDDIgNg swnAep ul 9duaIayIp oN SS3 UM [0.13U0D-35BD) Ayapesy SunoA Suowy %IB 39 BYRJISNN
sajediwg
JUSWIUOIIAUD SUlAl| qedy palu uonedoT
-93.) ‘pauleISUODUN UE Ul saJnseaw (saeak g7—¢| @3¢)
P932NpUOD SEM JUDWISSISSY ssauldas|s psaeadad yam Apms sjuapms
JUDWISSISSE 9ARI3IGNS swnAep ul a8ueyd oN| SS9 JaA0ssO.D aseD) [ea1paw Ayaesy g0 B 39 sijoduel
BIQEJY IPNES :UONEIOT
JUSWIUOIIAUD SUIAI| (saeaf |'7E€’| € 98¢e)
-394 ‘paulesIsuoduUN Ue ul saunseaw s103[qns
P9IONPUOD SBM JUSISSISSY ssauidas|s pareadad yum 8unsejuou pue
JUBWISSISSE dANDIqNg swnAep ul a8ueyd oN| SS3 Apnis |oJ3uod-aseD) 3unsey Ayaeay |0 ¢z|B 39 WewweHeg
JUSWUOUIAUD SUIAI
-99.) ‘paulRIISUOIUN UB U} saunseaw 0320.0|] :UoNEd07
P9I2NPUOD SBM JUDLUSSISSY ssauidas|s pajeadad yum Apnas (saeak 0g—0T :28e)
JUDWISSISSE 9ARIRIGNS SwnAep ul aseaJdu| ss3 JaA0sso.D aseD) s109lqns unoA 97 o€ 39 UnonpRYdUag
JUBWIUOIIAUD BIQEJY IPNES UONEIOT]
pauleJisuodun ue ul saJnseawl (saeak ¢'|F9'7T @93¢e)
PSIONPUOD SBM JUSUSSISSY ssauldas|s paeadad yum Apmas sjuspns
JUSWISSISSE 9ARIAIGNS SwinAep ul asea.du| SS9 JaA0SsOUD 3seD) [ed1paw Ayaesy 99 1z|B 39 WewweHeg

JudWISSasse 9AI3Igng

sire3ap Apmis

s3uipuiy

]O003 JusaWISsassy

uSissp Apmyg

uonendod Apmyg _

Apms

uepewey o} 3ulIse) JUSIIWLIAIUI [euINIp SulINp ssaulJafe dwnAep pue ssauldas|s awnAep passasse Jeyl SIpMIS Y3 JO AJBWWNS Y § d|qe |

Nature and Science of Sleep 2018:10

submit your manuscript

448

Dove


www.dovepress.com
www.dovepress.com

Intermittent fasting, sleep, and circadian rhythm

Dove

(panunuoy)

Apnas 01 Jold

s3y3iu ul uonealudsp dasjs
9|qissod Ino s|n.J 30U pIg
uonisodwod pue a|npayds
PaXlj B PaMO||0} UBpEWEY
pue auljaseq 3ulInp s[eajy
Su||9sEq JB UBY) UBpRWEY
Burnp Jamo| Apuesiiudis
sem uoneanp daa|g
8uipaodau

JO s:nuIW QT J49yE 3591
pus o1 pawuwedSo.d

{pasn 221A9p 9|qeriod

uepewey jo g7 Aep pue

| | Aep uo paseaudap sem
Aouare| dag|s ‘| SN Y2 UO
G Aep uo a3ueyd

J0U pIp INq UBPEWEY JO | |
Aep uo Q:7| & pasea.tdap
ssaulIa[e 9ANd3IgNg
ssauidas|s

SwnAep ul asea.du|

9|eds 3ojeue [BNSIA
LIS 1983104

saJnseaw
psaeadad yam Apms
JaA0SsOUD 3seD)

0220.0}] :UOI1E307
(saeak g7—07 @3¢)
s129lgns

3unof Ayeay g

1sle 39 Djoy

uepewey dpisIno
pue 3ulInp sowi JUSISYIP
18 P21ONPUOD DISM $IS3 |
sunoy

$T @43 BuLinp passasse
J0u sem uopenp dasjg

Aep ay1 jJo pus a3 18 1say3ly
sem AdeJanddE ‘Uepewey Jo
>99M 1s8| 33 Ul ‘aulaseq
YaIm paJsedwod uepewey
J21je pue Sulnp paseaJoul
Aoeandde dAY ‘|[BI9AO

Aep jo awn Jo

Sunsey 3usnWLIRIUI UBPRWRY
Aq pa3daye J0u sem |1 Y
SSoulJa|e ul aseaJddap ON

sI159)
dAY PUE ‘| 1Y ‘GVINVO

saJnseaw
paleadad yum Apnmas
J2A0SSOUD 358D

Je1ed) :uoneson
(s4eafk g'pF9°| T :93¢e)
S1S1240 paure.nn
Ayaeay 8unoA | |

o2 39 LieweyD

Apnis ay3 o3 Jold sAep

u uoneJnp daa|s ayenbape
aJnsse 01 Ayde.3noy
sJnsodxe

1y31| pue ‘aumipuadxa
A3uaus ‘@>e3ul dLIO[ED
‘uoneanp desajs ‘s|npayds
oyem/das|s Joj pajjo.auo)

SSaulJa|e ul aseaJddap ON

1S9

SWI UONDEA [BNSIA B PUE
uone.np >ul|q [2303 o} |
aJeag ssauismo.q suyof

saJnseaw
pareadad yam Apms
J9A0SSOUD 3seD)

BIQEJY IPNES :UONEIOT]
(saeak ¢'7FE ST 93e)
s123lgns

sjew 3unoA Ayaeay g

15lB 39 WewweHeg

JUSWUOIIAUD
pauleJasuodun ue ul
P9I2NPUOD SBM JUBLUSSISSY
dno.3

Sunsej ay1 ul uepewey
3urnp uoneanp das|s u
uononpaJ juedyiudis e
SEM 243y °, PUBRqULIY
0.d JBIAAISUSS a3
Buisn AjpAndalqo
uone.np das|s passassy

ssauidas|s
swnAep ul a3ueyd oN
SSOULIJE Ul 9SBIIIIP ON|

SS9

159) SWI) UONDEA [BNSIA
ssauidas|s ssasse

01 3[edg ssauismo.q suyof

sa.nseaw pajeadad
M |013U0D-35BD)

BIQEJY IPNES UONEBdOT]
(seah €€ €FSLPE
:93e) 3unsejuou g
(s1eah 94 HFST9€

:a3e) Sunsey g
s123(qns 3unsejuou
pue 3unsey 9|

I 39 WewweHeg

sire3ap Apnis

s3uipuiy

]003 JULdWISSasSy

udisap Apmyg

uope|ndod Apnmig

Apms

(panunuo)) § ajqe L

449

submit your manuscript

Nature and Science of Sleep 2018:10

Dove


www.dovepress.com
www.dovepress.com

Dove

Almeneessier and BaHammam

‘Buissado.y uonew.ou| [ensiA pidey ‘dAY Xapu| awi] uondeay ‘1Y ‘AydesSouwosLjod
‘DSd 3591 Aouare| dosjs 3|dnINW ‘] S|4 DWII UOIIIEBS JUSWSAOW ‘| Y| 92UBIID|JoJ PadJejul ‘Y| 9[edS ssauldas|s yaromds ‘SS3 ‘uoisny oyl [ea11ID ‘44D ‘Auslreg pajewoiny 1s9] [ediojoydAsdoana a8pliquied ‘gy | NVD SuoieiAiqqy

sanoy g sholaaud ayy

uj uopyeunp doaajs pue 3a1p
Suipaedau saJreuuonsanb
paJamsue syuedidnaey
Apnas siya

Ul J0j P3||0JIUOD J0U DUIM
‘Suluademe Jo awn Yy

se ||om se ‘sdeu awnkep
pue das|s sysiu snoiaaug
au||9sEq JB UBY) UBpRWEY
Sulnp Ja1ioys Apuediyiudis
sem uoneanp daa|g

1oy} pajjo.auod

JOU DJOM SUOISSIS 353
UaaM1ag-ul Sujulesy pue
9}fasay| sauedidney
papiaoad

9J9M S[eaW pazipJepuelg

JUS|IS9J SIOW SEM SIINSEIW
Aoeandoe Juspuadap
-paadsuou Ul JUBWL.IOLIDY
UOOUIDJE 31E|

Sy ui pauipap pue Suluiow
a3 ul 1s3q sem sasuodsau
pideu pauieasns Suriinbau
SUOIIdUNY U] 9OUBWLIONS

Sunsa) |edi8ojoydAsdoanau
paziieandwon)

saJnseaw
pajeadad yum Apnas
J9A0SS0.D 35D

aJodeduig :uoneso
(saeak g7—/ | 98e)
S9139|y3e SjBW G|

25l® 39 UBl|

(Aydea3noe)

SJUSWRINSEAW dAND3[qO 4q
awoy 3e uaym pue Apnis
o3 Joud syy3iu ur uoneanp
daa)s Joy pajjoauo)
uepewey

Spisino pue Sulnp Sunsey
JuanIwIUl Suiwaoyiad
SU9M SU32IUNJOA Y3 B|IYyM
passasse sem ssauldas|g

Sunsey JusnwRIUl
siwejs| uinp ssauidaa)s
swnAep ul a8ueyd oN|

Apnas aya
03 Jolud sAep ur uoneanp
dasjs ssasse 01 Aydednoy

LTSI PJepuels pue 553

saJnseaw
pareadad yam Apms
J9A0SSOUD 3seD)

BIqRJY/ IPNES (UONEIOT
(saeak ¢'pF9'97 93e)
s123lgns

SunoAf Ayjesy g

4»|B 70 WewweHeg

SSd

AJ1orea0qe|-ul Y3IUISAC Ue
Aq papadaud sem ]S
Apm3s 01 Joud

s3y3iu ur uonealudap daa|s
3|qissod Ino 3jnJ J0u pIg

ssauidas|s
swnAep ul a3ueyd oN

LTSI PJepues pue 553

saunseaw
pajeadad yam Apnas
JaA0SSOUD aseD)

BIqRJY/ IPNES (UONREIOT
(s1eaf 738’ | £ :938)
s123lgns

3unof Ayeay g

ocl® 39 Wewwepeg

sire3ap Apmis

s3uipuiy

]O003 JuSaWISSassy

uSisap Apmig

uonendod Apmyg

Apms

(panunuop) p ajqe L

Nature and Science of Sleep 2018:10

submit your manuscript

450

Dove


www.dovepress.com
www.dovepress.com

Dove

Intermittent fasting, sleep, and circadian rhythm

Larger studies that control for potential confounding
factors, such as environmental and cultural conditions
(the delay in the start of work and school, light exposure,
exercise, and meal composition), are warranted to assess
the impact of diurnal IF on circadian rhythms, sleep, and
daytime sleepiness.
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