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Abstract

Purpose Studies have shown that experimental fasting can
affect cognitive function, sleep, and wakefulness patterns.
However, the effects of experimental fasting cannot be gener-
alized to fasting during Ramadan due to its unique character-
istics. Therefore, there has been increased interest in studying
the effects of fasting during Ramadan on sleep patterns, day-
time sleepiness, cognitive function, sleep architecture, and
circadian rhythm.

Method In this review, we critically discuss the current re-
search findings in those areas during the month of Ramadan.
Results Available data that controlled for sleep/wake sched-
ule, sleep duration, light exposure, and energy expenditure do
not support the notion that Ramadan intermittent fasting in-
creases daytime sleepiness and alters cognitive function.
Additionally, recent well-designed studies showed no effect
of fasting on circadian rthythms. However, in non-constrained
environments that do not control for lifestyle changes, studies
have demonstrated sudden and significant delays in bedtime
and wake time.

Conclusions Studies that controlled for environmental fac-
tors and sleep/wake schedule reported no significant dis-
turbances in sleep architecture. Nevertheless, several stud-
ies have consistently reported that the main change in
sleep architecture during fasting is a reduction in the pro-
portion of REM sleep.

< Ahmed S. BaHammam
ashammam?2 @gmail.com

University Sleep Disorders Center, College of Medicine, King Saud
University, Box 225503, Riyadh 11324, Saudi Arabia

Strategic Technologies Program of the National Plan for Sciences and
Technology and Innovation, Riyadh, Saudi Arabia

Keywords Chronotype - Sleep architecture - Alertness -
Food - Light - Caloric intake - Cognitive function

Introduction

Like many religions and cultures that practice voluntary
fasting, Muslims all over the world fast every year during
the holy month of Ramadan. Fasting during Ramadan is the
fourth pillar of Islam, and approximately 1.6 billion Muslims
worldwide fast during Ramadan every year. During Ramadan
fasting, Muslims are required to refrain from food or fluid
intake between sunrise and sunset. This practice displaces
energy intake and hydration to the hours of darkness and par-
tially reverses the normal circadian pattern of eating and
drinking.

Although previous studies have found that experimen-
tal fasting affects the sleep-wakefulness pattern in differ-
ent species, the results of experimental fasting cannot be
generalized to fasting during Ramadan because of its
unique characteristics. Furthermore, fasting during
Ramadan is intermittent, whereas each experimental
fasting episode is usually more prolonged. Nevertheless,
the long duration of this practice (1 month) may allow for
adaptation to the new regimen compared with experimen-
tal fasting. Moreover, Ramadan follows the lunar system
and therefore occurs during a different season every
9 years; this change can affect the duration of fasting
hours, with longer durations of fasting in the summer than
in the winter [1]. Additionally, several lifestyle changes
that accompany Ramadan may have significant impacts
on sleep, sleepiness, and circadian rhythms (Fig. 1).
Consequently, these factors should be taken into consid-
eration when interpreting the available published data.
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Fig. 1 Factors that may influence sleep, daytime sleepiness, and
circadian rhythms during Ramadan fasting

Review method

The literature search began on the Ist of April 2016 with key-
word searches of “sleep,” “sleep pattern,” *“ daytime sleepiness,”
“cognitive function,” “polysomnography,” “sleep architecture,”
“circadian rhythm,” “intermittent fasting,” and “Ramadan,”
using PubMed (20 results), Google Scholar (47 results), and
Medline (61 results). The reference lists of identified articles were
also searched for any additional sources. Publications were then
filtered on the basis of whether or not they reported original
findings, provided background information, or contained rele-
vant theoretical speculation of the effect of intermittent fasting
during Ramadan on the areas addressed in this review.

Sleep pattern

In some Islamic countries, the start of work is delayed and work-
ing hours are adjusted during Ramadan so they are shorter for
individuals who fast. Studies conducted in three Islamic countries
[2-6] consistently reported a significant sudden delay in bedtime
and rise time. Interestingly, this delay in bedtime during
Ramadan was observed even in non-Muslim residents of Saudi
Arabia [4]. This observed delay in bedtime and rise time could be
partially explained by the delay in the start of work during the
month of Ramadan. However, other environmental factors, such
as delayed work hours for stores, shopping malls, and restaurants
and the broadcasting of interesting TV programs until late at
night, could also play a role [1].

@ Springer

Conversely, there are conflicting results regarding sleep
duration during Ramadan. In a study conducted in Morocco,
nighttime sleep duration was significantly reduced during
Ramadan [6]. A similar reduction in nighttime sleep duration
was also reported in another study conducted in the United
Arab Emirates, but this reduction was ameliorated by an in-
creased duration of daytime naps [5]. Two other studies con-
ducted in Saudi Arabia assessed sleep duration during
Ramadan in medical students and employed healthy non-
smokers between the ages of 25 and 55 years and reported
no significant changes in the duration of nighttime sleep dur-
ing the first and third weeks of Ramadan compared with base-
line values [2, 4]. However, another study used the SenseWear
Pro Armband™ to objectively assess the duration and distri-
bution of sleep in eight Muslim and eight non-Muslim volun-
teers during a baseline period (1 week before Ramadan) and
the first and second weeks of Ramadan. In this study, a delay
in bedtime and wake time and a significant reduction in total
sleep time were observed for the Muslim volunteers compared
with the non-Muslim participants [7].

The differences in these studies may reflect cultural and
lifestyle changes in the different study countries or the use of
different subjective assessment methods. In this context, it is
important to consider both nighttime sleep duration and day-
time naps when assessing sleep duration during Ramadan [1].

Daytime sleepiness

Several studies have assessed daytime sleepiness during
Ramadan fasting both subjectively by using the Epworth
Sleepiness Scale (ESS) [2-9] and objectively by using the
Multiple Sleep Latency Test (MSLT) [3, 8, 9]. However, the
results of these studies have been contradictory, which may be
due to differences in methodology, the lack of objective as-
sessment, or the lack of controlling for potential confounders
that could potentially affect daytime alertness and cognitive
function.

The results of the subjective studies using the ESS score
have been conflicting and inconsistent. Some studies have
reported a significant increase in daytime sleepiness [2, 6],
whereas others have found no significant differences [3-5].

Three objective studies used the MSLT to evaluate sleepi-
ness under controlled conditions [3, 8, 9]. In the first study,
increased daytime sleepiness at the 10:00 and 12:00 naps was
reported towards the end of Ramadan [9]. However, it is im-
portant to note that a portable polysomnography recording
device was used in this study, which forced the operator to
program the computer to end the test 20 min after the begin-
ning of recording regardless of sleep onset.

To avoid this limitation, another study used a standard
MSLT that was performed in the sleep laboratory [3]. In this
study, there were no observed differences in sleep latency,
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sleep onset latency, and wake efficiency between the first and
third weeks of Ramadan compared with the baseline measure-
ments [3]. Moreover, spectral analysis of EEG activity during
individuals’ naps revealed no difference between baseline and
Ramadan recordings [3]. The third study [8] was designed to
objectively assess the effects of intermittent fasting during
Ramadan on daytime sleepiness in eight healthy volunteers
by using a fixed sleep-wake schedule, fixed caloric intake,
and controlled light exposure and assessing the MSLT and
ESS on four occasions. The subjects attended sleep lab for
adaptation and were given wrist actigraphy before the start
of the study to monitor their sleep at home. This was followed
by assessment of daytime sleepiness using MSLT and ESS as
follows: 3 weeks before Ramadan after 1 week of Islamic
fasting (baseline fasting); 1 week before Ramadan (non-
fasting baseline); 2 weeks after the start of Ramadan; and
2 weeks after the end of Ramadan (recovery). The authors
reported no change in the ESS during the four study periods.
In addition, the MSLT analysis also revealed no difference in
sleep latency between the “non-fasting baseline,” “baseline
fasting,” “Ramadan,” and the “Recovery” time points.

Cognitive function

Cognitive function has also been reported to be affected by
Ramadan fasting. For example, the percentage of medical stu-
dents who reported falling asleep in class increased from 15%
at baseline to 36% during the first week of Ramadan [2].
When a Visual Analog Scale was used to assess subjective
alertness during Ramadan [10], a decrease in alertness was
observed at 09:00 and 16:00, whereas increased alertness
was observed at 23:00 [8, 10]. However, those studies did
not control for sleep duration and sleep/wake pattern.

In a recent study that assessed cognitive function in
trained cyclists from the Middle East using the Cambridge
Neuropsychological Test Automated Battery (CANTAB),
the Reaction Time Index (RTI), and the Rapid Visual
Information Processing (RVP) test, Ramadan fasting did
not negatively impact cognitive performance [11].
Another study [7] objectively assessed daytime sleepiness
using the John Drowsiness Scale (JDS) [12] and mean re-
action time (MRT) using a visual reaction time test in eight
Muslim and eight non-Muslim volunteers during the week
before Ramadan (baseline) and the first and second weeks
of Ramadan. The study showed that the JDS values were
normal at baseline in both Muslims and non-Muslims (non-
fasting group) and no changes were observed during
Ramadan, which indicates that fasting during Ramadan
did not increase daytime sleepiness. In addition, there were
no differences between the two groups by MRT [7]. The
effects of intermittent fasting on drowsiness during and out-
side Ramadan were objectively assessed in a well-designed

study that measured total blink duration (measured using
infrared reflectance (IR) oculography) and MRT under con-
trolled conditions with fixed light/dark exposure, caloric
intake, sleep/wake schedule, and sleep duration. The results
of this study showed that intermittent fasting had no impact
on drowsiness or vigilance [ 13]. In another study, the effects
of fasting on cognition were found to be heterogeneous and
domain specific. Specifically, better performance was ob-
served in the morning compared with in the late afternoon
for functions requiring sustained rapid responses, whereas
the accuracy of non-speed-dependent functions was more
resilient [14]. The study also demonstrated that psychomo-
tor function and vigilance were improved at 09:00 hours
during fasting, whereas verbal learning and memory were
poorer at 16:00 hours. Additionally, a time-of-day effect
was present for psychomotor function, visual learning, ver-
bal learning, and memory, with poorer performances ob-
served at 16:00 hours. Moreover, there was no significant
effect of fasting on visual learning or working memory [14].
However, a major limitation of this study was that sleep
duration and quality were not objectively assessed during
the study period.

In one experiment, individuals were subjected to a con-
trolled experimental underfeeding for 1 week while objective-
ly monitoring sleep duration and quality [15]. The results
showed that daytime energy, concentration, and emotional
balance were increased during fasting. Table 1 presents a sum-
mary of the studies that have assessed daytime sleepiness dur-
ing Ramadan.

Because even minimal sleep restriction may affect day-
time sleepiness and function, sleep deprivation or disrup-
tion cannot be ruled out as a possible cause for most of
the findings listed above [16]. Therefore, it is important to
use controlled conditions when assessing cognitive func-
tion during Ramadan.

The relationship between fasting and increased alertness
and improved cognitive function is an interesting topic that
deserves further research. Food restriction has been shown
to increase wakefulness in different species [17]. In animal
models, fasting has been shown to up-regulate orexin gene
expression [17]. Orexin is a wake-promoting neurotrans-
mitter secreted by the hypothalamus. In animal models,
direct injection of orexin into the laterodorsal tegmental
nucleus increased wake time and decreased REM sleep
time [18]. However, these experiments included fasting
that was usually more prolonged than diurnal intermittent
fasting during Ramadan; therefore, these findings cannot
be generalized to diurnal intermittent fasting. Moreover, it
has been shown that intermittent fasting induces the ex-
pression of brain-derived neurotrophic factor (BDNF) in
different regions of the brain [19]. BDNF can improve
learning and memory and cognitive function and stimulate
neurogenesis [19, 20].

@ Springer



Sleep Breath (2017) 21:577-586

580

Joud syySru ur uoneinp dod[s 10§ PI[[ONUOD UBPEWIEY
apIsino pue Jurmp Sunsey JuapruIuI Juruoyred
QIOM SIOOUNJOA U} J[IYM PIssasse sem ssourdaog

DS qe] Ul JYSIUIdAO Ue Aq
popaoaxd sem JISIA Apmis 03 Joud sy
ur uoneaudop daays aqrssod no anr jou piq

Apms 03 Joud syySmu ur uoneaudop doays
91qissod no anx jou pIp ‘uonisodwod pue ANPaYos
PaXIJ & 0} SUIPIOOOE dIoM UBPBUIRY PUB JUI[ASEq
Suumnp sjeow ‘uepewey JuLnp Jomo[ APuedIugis
sem uonemp doofs {Furpiosar yo umu (g

I9)Je 1S9) PUd 0} paureISoId—pasn 931Ap d]qelod

uepewey jo jno pue SuLmp
SowIr) JUSIQIP J& PAIONPU0d AIIM SIS}
4 7 oy) Juumnp passasse jou sem uonemnp dodg
Apmys oy 0y Jouid sAep ur uoneinp
daoys ojenbope amsse 0y Aydeidnoe amsodxo
JYS1| pue ‘armipuadxo ATIOUD ‘Oxejul OLIO[Ed
‘uoneanp dooys ‘o[npayos axem/dao]s 10} pajjonuo)
JUSWUOIAUD POUTLNSUOI-UOU B Ul PAJONpuod
sem juowssasse ‘dnoi3 Junsej oy} ul uepewey
Suunp uonemp dod[s ur uononpar JuedyIudIs
B SEM QIO ], " PUBQUIIY 01 JBIA\ISUIS
Suisn A1oAnos(qo uonemp ded[s poassassy

Ayanoe TeorsAyd
pue uonisodwod [eaul 10J PI[[ONUOD ‘UBPRLURY

Junsej juopIuLIOIUL
orwe[s] Suump ssaurdoays awmAep ur o5ueyd ON

ssourdoays awmAep ur aueyd oN

uepewey
JO Gz pue ] sAep uo Aouaye] dod[s ur 9sea1odp
B SBM 191} ‘['TSIA UO g7 Aep uo 93ueyd jou pIp
jnq uepewey Jo (0Q:Z] e 1] Aep UO PIsLIdIP

ssoupIore aAndalqns ssourdedls swmAep ur asearou]
Kep oy} Jo pud
Ay} e 10yJ1y sem AovIndOR ‘UBpeIRy JO Joom
jse[ oy I ‘ourfeseq ym paredwioo uepewrey-jsod
PUE UBPBWEY Ul PISBAIOUI AJBINJIR JAY ‘[[BIOAO
¢{Aep Jo own 10 Funse] JUSNPIULIAUI UBpPeUey

£Q P)oaYJE JOU SeM [ SSQUMIE Ul ISBAIO0P ON

SSaulIdfEe Ul 9SBaIdP ON

ssourdoays owmAep
ur a3UeyD OU SSOULIS[E UT 9SEAI0dP ON

o3ueyo j0U PIP 4D

Apmys o3 03 Joud SABp uI uonenp
dooys ssesse 03 Aydeidnoe (TSN
plepue)s pue d[eog ssaurdas|§ yromdy

LTSN prepuels
pue o7eog ssourdao[§ ypromdyg

9[edg Sofeuy [ensiA (LTSI A[qeHod

$191 dAY PUe ‘LIY ‘VINVD
1S9) oW} UONOBAI
[eNsIA & pue uoneInp
[€10} SUI[q 10J SIULJOJ[JOI
PAIBIUT ‘O[edS SSOUISMOI(T SUOf

91eog ssaurdaalg yuomdyg

£)$9) oWIr) UONORAI [ensia ‘ssourdooys
S$S3SSE 0] 9[BIS SSOUISMOI(] SUYoOf

SImoy 00:€T Pue ‘00:0C

‘00:9T ‘00:€T “00:1T ‘00:60 Aep oy

JO sawn JUIPIP 9 18 ((JDD) uoisty

syoalqns

Sunok Apreay 8 [g8] e 10 wewweHeg

syoalqns

Sunok Ayeay 8 [¢] ‘e 10 wewweHeq

syoolqns

Funok Ayyredy § [6] Te 10 Aoy

SISI[0KD

pauren Ayyeay 11 [11] 7Te 10 Lewey)

sy09(qns orewr

Sunok Ayreay g [¢1] Te 10 weunueHeg

Sunsej-uou

pue Sunsej 91 [£] Te 10 wewweHeg

Surmp ssa] [ | 3do[s s199)unjoA ‘ourjaseq ‘uepewrey Jo Suruuidaq je pasealour IOYOIJ [RONLID {(TYIN) W) UONORAl syoolqns
ym paredwoos curoped oxem/deafs 10} pajjonuo)) TN $SSoulIdfe owmAep pasearod( JUSWIOAOW Q[0S Sofeuy [ensip  Junok Ayjeay 0] [o1] Te 30 Aoy
sjuapnys
JUSWUOIAUD PAUTRNSUOI-UOU B Ul PAJONPUOd [eorpaw
SeM JUOUISSISSE JUSWISSISSE dANd2[qng ssourdoars swmAep ur 93ueyd ON 9reog ssaurdoa[§ yuomdyg Apreay 601 [S] e 30 stoSreN
syoalqns
Sunsej-uou
JUSWUOIIAUD PAUTBNISUOD-UOU B UL pue Sunsej
PAJONPUOD SBM JUIWISSISSE JUISSISSE dANISQNG ssourdoays awmnAep ur 93ueyd ON J[eog ssaurdas[s yuomdyg Agreay 101 [¢] e 10 wewwreHeg
JUSUIUIONAUR PAUTRNSUOD-UOU B Ul PIJONpUod spoalqns
SEM JUOWISSISSE SJUIISSISSE dA1d[qNS ssourdoa[s owmAep ur asearou] 9reos ssaurdod[g yromdyg Funok 9z [9] 'Te 10 unonjeyouSg
sjuapmys
JUSWUOIAUD PAUTLNSUOI-UOU B Ul PAJONPUOd [edrpaw [2]
SeM JUQUUSSISSE JUOLISSISSE 2A102[qNg ssourdaoys sumAep ur asealou] 9[eog ssaurdag|s yuomdg Ayyreay 9g ‘e 32 WewweHeg
s[rejop Apms s3urpur,{ 001 Juowssassy  uonendod Apmg Joyny
Sunsey uepewey uump uonouny SARIUZ00 swmAep pue ssaurdag[s owmAep Passasse Jey) sAIPNYS Y Jo AreWWNS V[ dqeL

pringer

Qs



Sleep Breath (2017) 21:577-586 581

Polysomnography and sleep architecture

Several studies have assessed sleep architecture during
Ramadan using polysomnography; two used ambulatory un-
attended polysomnography at home [11, 21], whereas the oth-
er two used attended in-laboratory polysomnography [3, 8]. In
the three studies that controlled for sleep/wake schedule, there
were no significant differences between Ramadan and base-
line levels of NREM sleep stages, arousal index, stage shifts,
or cardiorespiratory parameters [3, 8, 21]. The fourth study

time of awakening, were not controlled for in this

to study and when at home by objective
lifestyle and training in between test sessions
were not controlled for; sleep duration was
significantly shorter during Ramadan; previous
night’s sleep and daytime naps, as well as the
study; participants answered questionnaires
regarding diet and sleep duration in the

measurements (actigraphy)
Standardized meals were provided; participants’

= was conducted among young athletes and showed no changes
= ‘% in sleep duration between baseline and Ramadan; however,
3 2 there was a significant increase in the number of awakenings
2 2 during Ramadan [11]. Nevertheless, in this study, the partici-
2 pants suddenly shifted their primary sleep time from night to
2 = daytime. Moreover, the study did not account for naps. This
- _§ é’ sudden shift in bedtime and sleep pattern might be responsible
%ﬁ & for the observed changes in sleep architecture in this study

£83 [22,23].
é g % = In one study, to control for the lifestyle changes associated
7z &g ié with Ramadan, sleep architecture was assessed at baseline
.%D £ ; E (when the participants were fasting outside the month of
%; § g Ramadan, Islamic intermittent fasting), during Ramadan,
§ = g § and after Ramadan while controlling for sleep/wake schedule,
% g u% 2 caloric intake, meal composition, light exposure, and circadi-
8 —Qg’ : g an rhythm [8]. REM sleep was reduced while fasting during
E g g 2 and outside Ramadan compared with baseline; however, the
. g 2 E oy level of REM sleep returned to normal after the completion of
2 E2csE fasting [8]. Similar findings of reduced REM sleep during
.E E £=2s Ramadan have been reported in three other studies [3, 11,

21]. These findings are in agreement with an animal study that
assessed the effects of experimental fasting on sleep architec-
ture [24]. The investigators reported an absence of REM sleep
in piglets following 18 h of fasting, which was ameliorated
after feeding [24]. Several theories have been proposed to
explain the reduction in REM sleep during fasting. One pos-
sibility is that the reduction in REM sleep could be related to
the nocturnal rise in cortisol and insulin [25, 26]. Some studies
have shown that eating meals exclusively at night during
Ramadan can increase nocturnal body temperatures [10, 21].
Given that REM sleep is inversely proportional to core body
temperature, nocturnal increases in temperature could lead to

Computerized neuropsychological
testing

Study population  Assessment tool
CANTAB Cambridge Neuropsychological Test Automated Battery, R7/ Reaction Time Index, RVP Rapid Visual Information Processing, /DS John Drowsiness Scale, /R infrared reflectance, MSLT

{‘2 decreases in REM sleep [27, 28]. Moreover, interrupting sleep
% for the predawn meal during the early morning hours, which is
= the period in which the largest portion of REM sleep usually
f, ~ occurs, is another possible mechanism for the reduction in
- 8 REM sleep during Ramadan [3].
2 § The available literature regarding sleep latency and to-
é _ = tal sleep time has reported conflicting results. One study
§ = g reported no change in sleep latency in the first week of
- . Tf :ﬁ Ramadan and a drop in sleep latency during the third
= 2 c £ week of Ramadan, with no change in total sleep time
S| 2 = g [3]. Conversely, another study reported a significant
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increase in sleep latency and a significant reduction in
total sleep time [21]. These discrepancies could be related
to time differences between dinner and bedtime. In the
study that showed an increase in sleep latency, the differ-
ence in time between dinner and bedtime was 1 h (dinner
was served at 22:30, and polysomnography recording
started at 23:30) [21], whereas there was a 3-h difference
in the other study [1, 3]. In the study that assessed the
effect of intermittent fasting on sleep architecture during
Ramadan and outside the month of Ramadan month, there
was no change in sleep latency during Ramadan [8]. The
absence of changes in sleep architecture when controlling
for sleep/wake schedule, prior sleep duration, caloric in-
take, energy expenditure, and light exposure suggests that
intermittent fasting does not affect sleep architecture
(apart from the reduction in REM sleep) [8]. However,
in the free-living non-constrained environment that does
not control for lifestyle changes associated with Ramadan,
such as delayed bedtime, sleep architecture may become
disturbed [11]. Table 2 presents a summary of the studies
that have assessed sleep architecture during Ramadan.

Circadian rhythm

During Ramadan, fasting Muslims usually eat two to three
meals after sunset: breakfast at sunset, dinner after night
prayer (1-3 h after breakfast), and a predawn meal.
Therefore, food and fluid intake are shifted to the hours of
darkness, which partially reverses the normal circadian pattern
of eating and drinking. Theoretically, these changes may af-
fect the circadian rhythm and biological clock of fasting
Muslims. Studies have shown that high fat and sugar intake
can lead to changes in clock gene expression in the suprachi-
asmatic nucleus (SCN) and other peripheral brain nuclei (non-
SCN brain nuclei) [29, 30]. Moreover, animal studies have
shown that enforced meal times and temporal food restriction
are potent synchronizers for secondary clocks in peripheral
organs, such as those in certain brain regions and the supra-
chiasmatic clock, even when animals are exposed to a fixed
light/dark cycle [31]. In addition, daily mealtime schedules
can activate the expression of neural and circadian clock genes
in many mammalian species, which is thought to be directed
by a food-entrainable clock [31, 32].

Table 2 A summary of the studies that assessed polysomnography and sleep architecture during Ramadan fasting

Study details

Significant increase in sleep latency and reduction in  Unattended PSG; dinner was served at 22:30, and

PSG recording started at 23:30; did not
objectively account for the prior sleep/wake
pattern before assessing sleep; did not monitor
for daytime naps prior to overnight sleep study;
meals in and outside Ramadan were according to
fixed schedule and composition

Author Study Sleep Findings
population  architecture
assessment
tool
Rokyetal. 8 young Ambulatory
[21] healthy 8-channel total sleep time; increase in stage N2 and reduction
adults unattended in slow wave sleep; reduced REM sleep
PSG
BaHammam 8 young Full attended ~ Significant drop in sleep latency at the end of
etal. [3] healthy level-1 Ramadan, with no change in total sleep time;
adults in-- reduced REM sleep at the end of Ramadan; no
laboratory significant changes in NREM sleep
PSG
BaHammam 8 young Full attended Reduced REM sleep during intermittent fasting
et al. [8] healthy level-1 (during and outside Ramadan); no significant
adults in-- changes in NREM sleep; no differences in sleep
laboratory latency, arousal index, or sleep efficiency
PSG
Chamari 11 young  Portable PSG
etal. [11] healthy the number of awakenings and light sleep in
trained Ramadan; progressive decrease in duration of deep
cyclists and REM sleep stages that became significant

Controlled for sleep schedule, naps and caloric
intake; did not objectively account for the prior
sleep/wake pattern before assessing sleep in the
laboratory

Controlled for sleep schedule, naps, light exposure,
caloric intake, and energy expenditure; assessed
the effect of fasting during and outside Ramadan;
controlled for sleep/wake and naps for 2 weeks
before assessing sleep in the laboratory via
actigraphy

No change in sleep duration; significant increases in  Unattended PSG; did not control for sleep/wake

2 weeks post-Ramadan

pattern or sleep duration; during Ramadan,
volunteers slept during daytime and at night pre-
and post-Ramadan; during Ramadan, the
volunteers slept in the morning after eating a
main meal; naps were not controlled for; did not
account for the prior sleep/wake pattern before
assessing sleep; cyclists were in a training camp;
the used portable device had relative weakness at
the level of the number of awakenings; data
regarding sleep duration were highly
heterogeneous
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Different physiological systems in the body exhibit circa-
dian rhythms, including some hormones and core body tem-
perature, which rises during the day and falls at night. The fall
in core body temperature induces sleep, whereas the rise in
temperature triggers wakefulness [2]. Studies that assess
changes in body temperature have reported conflicting results
(Table 3). Roky et al. continuously recorded body temperature
for 24 h in six healthy subjects during Ramadan using a rectal
thermistor probe and reported delays in both the occurrence of
the acrophase and bathyphase of body temperature (i.e., the
times at which the calculated maximum and minimum values,
respectively, occur in the cycle) [21]. Another study by the
same group reported that the body temperature circadian
rhythm was reversed during Ramadan, with a remarkable de-
crease in oral temperature at 09:00, 11:00, 13:00, and 16:00
and a significant increase in temperature at 23:00 and 00:00
hours [10]. However, another study that measured oral tem-
perature at 08:00, 16:00, and 00:00 using a high-precision
medical thermometer during the first and third weeks of
Ramadan and controlled for meal composition and sleep du-
ration did not show changes in body temperature [3]. A fourth
study assessed circadian changes in proximal skin temperature
and energy expenditure before Ramadan and during the first
and second weeks of Ramadan in an unconstrained environ-
ment using a portable armband physiological and activity sen-
sor in six young adults with delayed sleep phase disorder, also
known as evening chronotypes (i.e., during the non-Ramadan
period, the volunteers typically slept during daytime and were
awake and eating at night) [33]. During Ramadan, there was a
further delay in the acrophase of skin temperature and energy
expenditure, which indicates a shift in the circadian pattern.
These results suggest that, in addition to a sudden shift in meal
times, other factors may affect sleep patterns and circadian
rhythms during Ramadan [33]. Table 3 presents a summary
of the studies that have assessed circadian rhythm of body
temperature during Ramadan.

Melatonin is another important marker for circadian
rhythm disruption because it is highly reproducible and less
prone to masking effects than other rhythm markers, such as
core temperature and cortisol [10, 34, 35]. Therefore, changes
in the circadian pattern of body temperature during Ramadan
may also be associated with alterations in the circadian pattern
of melatonin secretion. In one study [36], melatonin levels
were assessed in blood samples obtained every 4 h (omitting
the 02:00 time point to prevent causing sleep disturbances)
before and on the 23rd day of Ramadan. The authors observed
a smaller delayed night peak and flatter slope in serum mela-
tonin concentrations during Ramadan [36]. In another study,
the investigators collected saliva samples from eight healthy
volunteers at three time points over a 24-h period (08:00,
16:00, and 00:00) 1 week before Ramadan and on the 7th
and 21st days of Ramadan [3]. After controlling for sleep
duration, the study reported a significant decrease in
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melatonin concentrations at 00:00 and 16:00 during
Ramadan relative to baseline levels. However, similar trends
in melatonin profiles were observed during Ramadan but with
a flatter slope [3]. A major limitation in these two studies was
that melatonin was not measured late at night, which over-
looks the possibility of a late peak in melatonin concentra-
tions. Moreover, neither study controlled for differences in
light exposure, sleep schedule, or social habits that accompa-
ny Ramadan. To overcome the shortcomings of these studies,
we assessed circadian patterns in melatonin during intermit-
tent fasting outside the month of Ramadan and during the
second week of Ramadan after controlling for light exposure,
sleep schedule, sleep duration, and meal composition [37].
Serum melatonin was measured in eight healthy volunteers
at five time points (22:00, 02:00, 04:00, 06:00, and 11:00)
on three occasions: 4 weeks before Ramadan while
performing Islamic fasting for 1 week; 1 week before
Ramadan while living a routine life; and during the second
week of Ramadan while fasting. After controlling for light
exposure, sleep schedule, and sleep duration, a trough in mel-
atonin levels was observed at 11:00 during all studied occa-
sions, which indicates that intermittent fasting has no signifi-
cant influence on the circadian pattern of melatonin.
Therefore, the changes in melatonin levels reported in the
previously published studies could reflect lifestyle changes
in the participants during Ramadan.

Nevertheless, most studies consistently report a decrease in
melatonin concentrations during fasting, even during short-
term experimental fasting [3, 15, 38]. Although the exact
mechanisms involved in the reduction in melatonin levels
during fasting are unknown, several mechanisms have been
proposed, including increases in nocturnal cortisol levels dur-
ing Ramadan [39, 40] and decreases in melatonin synthesis
due to decreased glucose supplies [41]. The latter hypothesis
is supported by findings that show that melatonin levels are
decreased secondary to mild hypoglycemia, and glucose sup-
plementation during fasting ameliorates the decrease in mela-
tonin levels [38]. Nevertheless, hypoglycemia is not believed
to occur in healthy individuals during Ramadan fasting [42].
Another mechanism that could explain the reduction in mela-
tonin levels during Ramadan fasting is a reduction in trypto-
phan, which is both an essential amino acid and a precursor of
melatonin. However, this explanation is implausible because
intermittent fasting is unlikely to cause a reduction in trypto-
phan and glucose supplementation restores normal melatonin
levels during fasting [38].

Leptin and ghrelin are two hormones that are affected by
feeding and fasting. Therefore, the sudden shift in mealtime
during Ramadan may entrain the diurnal rhythm of both hor-
mones. Two studies have used a cosinor analysis to assess the
effect of Ramadan fasting on leptin and ghrelin. Bogdan et al.
demonstrated a significant shift (approximately 5 h) in the
peak and nadir serum leptin levels on the 23rd day of
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Ramadan fasting [43]. However, no significant changes were
observed in the amplitude or 24 h mean concentrations of
leptin compared with the findings before Ramadan.
Alzoghaibi et al. suggested that a nocturnal reduction in leptin
likely reflects changes in meal times during fasting; however,
in this study, no significant changes were observed in the
circadian rhythm of leptin following the cosinor analysis
[44]. One possible explanation for the differences between
the two studies is that the second study controlled for behav-
ioral customs (such as eating habits) and environmental con-
ditions (such as light exposure), whereas the first study did
not, which might have resulted in a shift delay in the circadian
rhythm of the participants in the first study. To date, only one
study has assessed circadian patterns during Ramadan using a
cosinor analysis while controlling for eating habits and envi-
ronmental conditions, and it reported no significant changes in
the acrophase of the circadian rhythm of ghrelin [44].

The findings reported above suggest that there is a shift
delay in the circadian clock during Ramadan. However, when
eating habits and environmental conditions are controlled, in-
termittent fasting does not significantly influence the circadian
rhythm.

Circadian rhythms can also be assessed by examining the
chronotype of fasting individuals. One study assessed the
chronotype in fasting and non-fasting individuals during
Ramadan using an abridged version of the Horne and
Ostberg questionnaire to establish three behavioral categories:
morning type, neither type, and evening type [4, 45]. An in-
crease in the evening-type circadian rhythm was observed
among fasting individuals both at the beginning and the end
of Ramadan compared with baseline. Similar changes in
chronotype were also observed in non-fasting non-Muslim
residents in Saudi Arabia during Ramadan, which suggests
that factors other than fasting may affect the circadian rhythm
during Ramadan [4]. This finding supports the notion that
lifestyle changes that accompany Ramadan may affect circa-
dian rhythm.

Summary

The effect of diurnal intermittent fasting during Ramadan on
sleep patterns, daytime sleepiness, cognitive function, sleep
architecture, and circadian rhythm is an interesting topic that
provides a highly complex context for future research.
Although some researchers believe that Ramadan intermittent
fasting increases daytime sleepiness and alters daytime func-
tioning, this notion is not supported by the available data.
Earlier studies have shown that Ramadan fasting delays the
circadian rhythm of core body temperature and hormonal se-
cretion. However, those studies did not control for lifestyle
changes that influence circadian rhythm. Recent studies that
controlled for sleep/wake schedule, sleep duration, light

exposure, and energy expenditure showed no effect of fasting
on circadian rhythms. In non-constrained environments that
do not control for lifestyle changes, studies have demonstrated
sudden and significant delays in bedtime and wake time.
Furthermore, one study reported an increase in the number
of awakenings in participants who shifted their major sleep
time during Ramadan from nighttime to daytime. These
changes could be related to lifestyle changes that accompany
Ramadan fasting rather than the act of fasting itself because
studies that controlled for environmental factors and sleep/
wake schedule reported no significant disturbances in sleep
architecture. Several studies have consistently reported that
the main change in sleep architecture during fasting is a re-
duction in the proportion of REM sleep.

Larger studies that control for different confounding fac-
tors, such as environmental and cultural factors, are needed to
assess the impact of Ramadan fasting on sleep, sleepiness, and
circadian rhythms. In addition, it is important to assess the
impact of Ramadan fasting in different Islamic cultures using
the same assessment methods.
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