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Abstract. Fasting is associated with improve-
ments in cognitive function, and triggers weight 
loss in human and animal models. In recent 
years, the connection between fasting, brain 
health, and cognitive function has increasingly 
proven deserving of attention from researchers. 
The objective of this review work is to highlight 
evidence supporting a positive association be-
tween fasting and enhanced cognition. 

We looked at the following database sourc-
es “The Cochrane Library, PubMed, EMBASE, 
Web of Science and Google Scholar” for present 
review article. All the studies based on the key 
words “impact of fasting”, or “cognitive function” 
or “brain stimulation”. 

Much of this evidence demonstrates that fast-
ing results in enhanced performance in cognitive 
tests of memory and visuospatial processing, 
which rely heavily on hippocampal function. The 
mechanisms responsible for the cognitive im-
provements associated with fasting are not fully 
understood, although current evidence suggests 
neuroplasticity plays an important role. 

Maintaining the health and the functionality 
of neurologically and cognitively impaired indi-
viduals can be extremely costly. Higher life ex-
pectancy and ageing populations globally is an-
ticipated to increase the prevalence of many 
non-communicable, chronic, progressive condi-
tions including neurological disorders. 
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Introduction 

One of the lifestyle choices that has garnered 
significant attention is fasting, which is accessible 
to everyone and is not dependant on   money or 
access to technology. The premise underlying re-

search interest in fasting is that it may help main-
tain, or even enhance, neurocognitive function1. 
Fasting is practiced differently in various  reli-
gions. Fasting in Ramadan requires that all Mus-
lim people abstain from food and beverages from 
the sunrise to sunset for 30 days in the 9th lunar 
month of each year. Fasting during Ramadan 
leads to alterations in circadian rhythms and 
change to  endocrine and metabolic functions as 
well as  a measurable  reduction in physical and 
cognitive performance2.

The homeostatic influences on hormonal and 
physiological processes from an endocrine-meta-
bolic perspective have drawn considerable atten-
tion and research interest in the field over recent 
decades. Up to date findings suggest that factors 
affecting the brain-to-behavior spectrum may 
also contribute to the long-term gains following 
fasting. These influences, when examined with-
in the scope and boundaries of psychology and 
neuroscience, may determine how well a sub-
ject is able to adhere to dietary requirements and 
the other lifestyle behavior adjustments that are 
needed after fasting. Additionally, performance 
in cognitive tasks related to attention, executive 
function, and memory, which are known to sup-
port and facilitate behavioral change appear to 
improve with fasting3. Complementing this evi-
dence, recent study3’ involving functional neuro-
imaging suggest brain mechanisms can be also 
improved. These studies have examined changes 
in brain activation in response to images of food 
before and after fasting and found reorganization 
of brain circuitry when processing both cogni-
tive as well as reward/motivational information 
related to food and eating behavior4. Specifically, 
during fasting there was decreased activation of 
the brain regions related to reward and motiva-
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tion, such as the parahippocampus, medial pre-
frontal cortex, and the insula and inferior fron-
tal gyrus, as well as an increase in the anterior 
prefrontal cortex, a region involved in cognitive 
control and inhibition4. 

Much of the evidence available regarding the 
assessment of reward/motivational aspects as-
sociated with fasting and eating behavior relies 
largely on interviews and self-report. There is 
need for objective measures to assess the status 
of the brain circuitry involved in these processes 
in a way that could be naturalistic and relevant to 
real-world situations. 

Connections between caloric restriction and 
brain function have been investigated substan-
tially in previous studies4’-10’. According to re-
search6 conducted by Current Opinion in Clinical 
Nutrition and Metabolic Care in 2008, reducing 
calorific intake improves neurogenesis as a result 
of several mechanisms. For example, it reduces 
inflammation, neuronal oxidative stress and en-
hances synaptic plasticity. Furthermore, caloric 
restriction could potentially promote healthy brain 
aging6. This can be explained by the fact that it is 
associated with increasing synthesis of neurotro-
phins, which play an essential role in age-related 
brain diseases. Neurotrophins can also improve 
neuronal survival and stress resistance. In addi-
tion, reducing calorie intake antagonizes the neg-
ative impact of aging on the expression of genes 
involved in synaptic transmission leading to bet-
ter memory consolidation6,. In 2017, an article11 in 
the journal of neuroendocrinology demonstrated 
that mild caloric restriction reduces both the in-
cidence of age-related neurodegenerative disease 
and depressive symptoms. 

Fasting and Cognitive Function 
(Enhanced Cognition Associated 

with Fasting) 

For several decades, researchers have been re-
viewing the effects of fasting on brain and cog-
nitive function. Ramadan fasting has been found 
to increase resilience and accuracy, reduce impul-
sivity, and performance on tasks requiring sus-
tained rapid responses12. In a study12 conducted 
involving older adults with mild cognitive impair-
ment (MCI), intermittent fasting (IF) was proven 
to significantly enhance cognitive performance in 
a variety of domains. These domains were glob-
al functions, including orientation, memory, reg-
istration, calculation, attention, and language12. 

Furthermore, IF was found to reduce addiction 
behaviors and improve self-control13. Interesting-
ly, fasting can modify emotional memory by acti-
vating emotion-related brain regions, such as the 
amygdala, orbitofrontal cortex, and hippocam-
pus, thereby triggering hunger-induced enhance-
ment of memory in humans. This can help with 
managing both post-traumatic disorders and fear 
related disorders13. In addition, a study14 aimed at 
examining the protective effect of IF on brain 
function was performed using young mice. The 
mice were subjected to IF and a high-fat diet for 
11 months, and memory and learning were mea-
sured by fear conditioning and the Barnes maze14. 
The findings reported that mice in  the  IF group 
had increased thickness of the pyramidal cell layer 
of the hippocampal CA1 region and experienced 
an increase in a dendritic protein called drebrin in 
the cerebral cortex and hippocampus. This there-
by suggests that IF improves brain function in the 
context of memory and learning15. 

Fasting is known to be a stress-inducing envi-
ronment for the human body. Stress is one of the 
multifactorial environmental causes of  cognition 
in the long term, due to the well-known stress hor-
mone corticosterone. Several studies16,17 have re-
ported that IF has a great impact on brain function in 
stress situations, particularly due to the mechanism 
of inflammatory response pathway regulation. Es-
trogen is known to protect memory, down-regulate 
neuroinflammation,  and prevent β-amyloid depo-
sition. Interestingly, a study17 of Alzheimer’s dis-
ease-induced estrogen-deficient rats demonstrated 
that IF served as an effective intervention protect-
ing against deterioration of the cognitive function 
and improving memory by potentiating the insu-
lin signaling in the hippocampus, which inhibits 
β-amyloid deposition. Fasting for 48 hours was 
associated with improved prefrontal-cortex-cog-
nitive functions, such as cognitive flexibility and 
set shifting. The same study found no change to 
cognitive functions in the hippocampus18.

On the other hand, a study showed19 that fasting 
during Ramadan in a non-Muslim environment 
adversely effected the academic performance  of 
Muslim students. More specifically, a reduction by 
10% in standard deviation in the final grade in one 
subject upon exposure to one additional week of 
Ramadan. The explanation for this fall in academic 
achievement was attributed to the suggestion that 
fasting lowers concentration, activity, and desire to 
study19. Overnight and morning fasting were found 
to slow stimulus discrimination, increase errors, 
and impair recall20. Islamic fasting was also found 



M.H. AlSheikh, R.S. AlAtrash, K.A. Aldajani, R.Y. Alkhamis, et al

542

to impair spatial memory, visual memory and at-
tention in youngsters21.

A systematic review22 of evidence collected 
between 2013 and 2020 showed no conclusive 
evidence as to whether the impact of voluntary 
fasting on cognition was positive or negative. The 
conclusion reached was that the impact is influ-
enced by a variety of psychosocial and demo-
graphic factors. Other evidence suggests fasting 
during Ramadan  has  a heterogeneous  effect on 
cognitive  domains. Indeed, an experiment23  in-
volving Muslim athletes who underwent a com-
puterized neuropsychological test showed that 
performance was better in the morning and de-
clined in the late afternoon, especially with regard 
to psychomotor function, memory and learning 
ability. More recently, IF  particularly has broad 
health benefits, improving cognition in multiple 
domains, including associative memory, working 
memory, and spatial memory24. Speculation con-
cerning the cause of these effects includes that a 
high BMI may adversely affect the structure and 
function of the brain, by reducing the prefrontal 
metabolism causing temporal lobe atrophy. Fur-
thermore, the switch between glucose and ke-
tones bodies has been shown to lead to enhance 
performance in cognition, mood, motor and auto-
nomic nervous system function25. IF and calorie 
restriction, connected to the release of the brain 
derived neurotrophic factor and associated with 
neurogenesis and neuron protection, bolsters the 
growth and survival of serotonin neurons26. 

Reduction in Cognitive Decline 
Associated with Fasting

More recently, a study by Jamshed et al27 in-
volving 43 participants with central obesity aged 
35-75 years, showed that time-restricted feeding 
early in the day tended to increase their brain-de-
rived neurotrophic factor, as well as having a 
potential anti-aging effect by increasing gene ex-
pression of longevity genes SIRT1 and MTOR27. 
It has been suggested that young newborn neu-
rons within the dentate gyrus may be responsi-
ble for mediating pattern separation and that as 
they age may mediate the ability to trigger “pat-
tern completion-mediated recall”, i.e., recognition 
memory22. Moreover, caloric restriction was also 
found to increase the activity of certain enzymes, 
including the DNA-repairing enzymes. Thus, it 
was expected to maintain the cognitive function 
of older adults by reducing DNA damage events8. 

Regular and constant IF can assist in revers-
ing mild cognitive impairment. Specifically, 
one study8 found that 30% of individuals aged 
between 50 and 80 years old showed improved 
verbal memory, possibly due to lower insulin 
and CRP levels. Furthermore, obese older adults 
with MCI who practiced caloric restriction for 12 
months showed improvements in verbal memo-
ry, verbal fluency, executive function, and global 
cognition26. These findings were similar to those 
in a previous study28 testing Ramadan fasting and 
cognition. 

In addition, high blood pressure resulted in 
blood-brain barrier dysfunction, causing the pen-
etration of proteins from the blood into brain tis-
sue. Proteins entering the brain can interact with 
neurons or synapses and induce the accumula-
tion of amyloid- β in the brain. Individuals who 
practice regular IF exhibit lower blood pressure, 
which prevents or improves cognitive impair-
ment25. Another known effect of IF is that it low-
ers blood glucose and as a result reduces blood 
insulin levels. Insulin has been proven to increase 
the deposition of amyloid-β, a neurotoxic material 
that causes an acute memory-inhibiting effect21.

IF increases the concentration of ketone bod-
ies, which have a neuroprotective effect, raising 
adenosine triphosphate (ATP) levels and reduc-
ing reactive oxygen species (ROS) production 
through enhanced nicotinamide adenine dinucle-
otide (NADH) oxidation, and the inhibition of mi-
tochondrial permeability transition29. However, 
this effect is feasible only while IF continues, as it 
disappears once the ketonoegenesis stops30. 

A study26 contrasting intermittent and contin-
uous energy restriction concluded that regardless 
of the pattern of restriction it possibly influences 
memory function through modulating adult hu-
man neurogenesis, with the potential to be used 
as an intervention to prevent or boost cognitive 
decline. Normal aging induces structural changes 
in the human brain, which can then be detected 
by using different neuroimaging modalities. In a 
longitudinal study31 designed to evaluate chang-
es in intracranial volume (ICV) across an adult’s 
lifespan, it was concluded that ICV increases un-
til the fourth decade and then gradually decreases 
thereafter. 

These changes were identified in a group of  
studies involving MRI data, which demonstrated 
reduced brain tissue volume, cortical thinning, leu-
koaraiosis (i.e., white matter hyper-intensities on 
T2weighted MRI), altered white matter microstruc-
ture, changes in structural and functional connec-
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tivity, reduced cerebral perfusion, micro-bleeds, and 
greater blood-brain barrier permeability32-38. PET 
has been used to show reduced cerebral metabolism, 
as well as the deposition of beta-amyloid and signs 
of neuron-inflammation37. Moreover, arterial spin 
labeling (ASL) perfusion MRI showed a drop in 
overall cerebral blood flow (CBF), which was more 
pronounced in the frontal lobe39. 

Based on measurements from various image 
modalities, researchers have discovered that the 
majority of brain regions follow a linear decline 
in their grey matter volume (GMV) as a conse-
quence of normal aging, while nonlinear age 
trajectories have been observed in some regions 
(e.g., the medial temporal lobe), indicating preser-
vation of GMV during the early adult lifespan40. 

Increased Grey Matter in the Brain 
Associated with Fasting 

A 12-week program of caloric restriction as-
signed to obese, postmenopausal women beside 
the functional improvement in recognition mem-
ory found increased grey matter volume in the 
hippocampal formation23. 

Moreover, when compared to overweight and 
normal individuals, obese subjects have shown a 
reduction in overall brain volume and grey matter. 
Thus, it is important to ascertain whether IF can in-
hibit this reduction by lowering BMI8,31. A high BMI 
has been shown to be associated with regional alter-
ations in the brain structure in the left lateral occip-
ital cortex and right ventromedial prefrontal cortex. 
Previous neuroimaging studies32-36 have highlighted 
the crucial role of the hunger and satiety centers, and 
brain locations in the hypothalamus, insula, amyg-
dala, middle temporal cortex, thalamus, and medial 
prefrontal cortex in relation to emotional regulation 
deficits. There is also evidence that the left amygdala 
increases in size and has a linear relationship with 
spatial working memory35.  

Fasting and Non-Invasive Brain 
Stimulation 

Transcranial direct current stimulation (tDCS) 
is a form of non-invasive brain stimulation, where-
in direct and low amplitude electric current is con-
ducted into the brain via electrodes placed on the 
scalp41,42. tDCS  is used in  research  to determine 
specific tasks in specific brain regions, or to eval-
uate the therapeutic effect in some neurological 

and psychiatric disorders37. Minor side effects are 
associated with tDCS, such as nausea, headaches, 
dizziness, skin irritation, and itching under the site 
of the electrode42,43. There are limited studies re-
garding the impact of performing tDCS while fast-
ing. However, one study42 reported that tDCS is safe 
and can be used in fasting healthy adults. More-
over, another study44 about chronic pain found evi-
dence supporting the benefits of both non-invasive 
brain stimulation and IF for preventing maladap-
tive plasticity in chronic neuropathic painful con-
ditions. So, potentially, combining brain stimula-
tion and fasting could be used to achieve adaptive 
neuroplasticity changes40. 

Observational Relationships Between 
Physical Activity, Cardiovascular 

Fitness, Neurocognitive 
and Neuroimaging in Fasting 

It has been demonstrated that certain aspects 
of physical performance and mental health, such 
as coping and decision-making strategies, can 
be negatively affected by daylight fasting45. In a 
study46 evaluating the effect of fasting on brain im-
aging using MRI, diffusion tensor imaging (DTI) 
and diffusion-weighted imaging (DWI), the FA 
values of the amygdala, middle temporal cortex, 
thalamus, and medial prefrontal cortex during the 
fasting period were found to be lower than FA val-
ues during satiety. This suggests micro-structural 
changes, mainly arising from a loss of functional 
and structural integrity in these locations. 

In contrast, recent findings47 have revealed 
that IF may inform the relationship between 
cytokine expression in the brain and cognitive 
deficits, including memory deficits. Particular-
ly, IF protects neurons against dysfunction and 
degeneration by improving levels of antioxi-
dant defenses and anti-inflammatory IL-10, and 
increasing the expression of BDNF and pro-
tein chaperones such as the heat shock protein 
(HSP-70), and reducing levels of the circulating 
pro-inflammatory IL1b, IL-6, and TNF-a5. A 
similar effect has been linked to exercise as it 
increases brain-derived factors, thus increasing 
brain activity5. It primarily affects the hippo-
campus, the cerebellum, and areas of medial/
superior frontal cortex47. The effect of exer-
cise on brain function can be summarized as 
follows: activation of the secretion of IGF-I to 
support synaptic plasticity6, neurotransmitter 
synthesis and release, and6 cognitive function45. 
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Conclusions

Evidence related to fasting during Ramadan 
found enhancements in certain cognitive func-
tions associated with resilience, mind shifting, 
sustained speed reaction, and non-speed related 
accuracy, but impairments to visuo-spatial mem-
ory, and attention. The effect of fasting on brain 
and cognitive function is controversial, domain 
specific, and depends on the stage of fasting, the 
age of the subjects, and their overall physical fit-
ness and nutritional status. Further studies on a 
larger population size would shed more light on 
impact of Ramadan fasting on cognitive function.
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