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Abstract

Ongoing investigation into the impacts of calorie restriction continues to captivate individuals who are curious about its potential to extend
human lifespan and improve overall health. Research conducted on animals has shown significant benefits to health and lifespan through
continuous calorie restriction (CCR) and fasting. Nevertheless, there are lingering worries over the effects of limiting calorie consumption on
human health and cognition. Considering the rising evidence of cognitive deficits in eating disorders, conducting research that examines
reduced calorie intake in healthy individuals in an ethical manner could provide insights into the understanding of restrictive eating
disorders. This review synthesizes the current literature on the effects of CCR (caloric restriction) and fasting on cognitive performance in
healthy adult subjects. Out of the 33 research examining the relationship between CCR (caloric restriction) and fasting in humans, 23
showed notable alterations in cognition. Although there are differences in cognitive domains, the findings indicate that CCR has positive
effects on inhibition, processing speed, and working memory, but it may have negative effects on cognitive flexibility. Fasting studies
indicate that fasting is linked to declines in cognitive flexibility and psychomotor ability. In summary, the findings of this research indicate
that the extent of calorie restriction, namely its severity, is the primary factor that determines cognitive enhancements rather than
impairments. For persons who are consistently limiting their activities, this can lead to severe and permanent repercussions. Nevertheless,
there are conflicting results about the influence of CCR and fasting on this particular component of human functioning, indicating the need

for additional research to comprehend the advantages and disadvantages of various forms of calorie restriction.
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Introduction

Caloric restriction is a method that has been extensively
examined for its possible advantages in extending lifespan
and has garnered significant attention from researchers
throughout the years. Calorie restriction, or energy
limitation, refers to the act of decreasing the daily calorie
intake while ensuring sufficient nutrient consumption. This
approach has undergone extensive examination in several
animal models and has demonstrated the ability to enhance
longevity and enhance overall health. While the precise
mechanisms underlying the impact of calorie restriction on
lifespan remain incompletely comprehended, numerous
suggestions have been put forth. Scientists studying the
effects of continuous calorie restriction (CCR) and fasting
diets on health have discovered numerous possible physical
health advantages in animals and, more recently, in humans.
Therefore, there is an increasing endorsement for various
dietary regimens, with proponents of Caloric Restriction
(CCR) and fasting asserting that adhering to these regimens
might result in health advantages such as extended lifespan
and defence against dementia and Alzheimer's disease (Van
etal., 2016) (28],

We identified a total of three studies that directly
investigated the effects of CCR (caloric restriction) and
fasting on cognitive function in adult subjects (Teong et al.,
2021) 251 While the results of these studies indicate that
there are no notable distinctions in the effects of CCR and
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fasting on cognition, further study is required to directly
compare these two dietary approaches. In order to fill this
vacuum in information, we analyse research that have
evaluated cognitive abilities in individuals who followed
CCR diets, as well as those who practiced fasting. We
examine disparities in psychomotor speed, set-shifting
aptitude, and cognitive adaptability as well as working and
prospective memory capacity; and reflective impulsivity
(McCay, 1935) 119,

The concept of continuous calorie restriction and its
associated health advantages.

CCR stands for caloric restriction, which is the deliberate
reduction in energy consumption, typically done to achieve
weight loss. Individuals who adhere to a CCR (Calorie
Restriction with Optimal Nutrition) regimen often decrease
their daily energy consumption by approximately 15% to
30%. The study of Caloric Restriction (CCR) has gained
increasing attention due to its ability to increase lifespan and
enhance overall health in various creatures, by restricting
food intake while ensuring optimal nutrition (Van, 2016) 281,
McCay et al. were the first to demonstrate that healthy mice,
whose daily energy intake was lowered, had a longer
lifespan compared to a control group that was fed freely.
Multiple empirical research have substantiated this fact in
insects (Harshman LG, et al., 2001) Bl. While the precise
mechanisms are still not completely understood, these
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findings have attracted the interest of individuals studying
similar impacts in human populations. The recent CALERIE
study, which examined the long-term effects of reducing
energy intake in people, found positive improvements in
body composition, weight, cardiovascular health, and
glucoregulatory function (Weindruch et al., 1986) 34,

The researchers at CALERIE conducted a study to examine
the impact of Caloric Restriction without Malnutrition
(CCR) on individuals with both overweight and healthy
weight. The study lasted for a period of up to 24 months.
The study demonstrated enhancements in physiological,
psychological, and behavioral aspects (Redman et al., 2007)
(20, The interest in the advantages of CCR, specifically in
terms of weight loss, is not limited to the scientific
community, as public awareness of its benefits continues to
increase significantly. Obesity is a widespread and serious
problem affecting the global population, with approximately
13% of adults worldwide classified as obese (Dorling et al.,
2020) 1,

The practice of fasting and its positive effects on health
Fasting is the intentional act of refraining from consuming
food, beverages, or both, typically for the purpose of
improving health, practicing religious beliefs, or for other
personal motivations. Intermittent fasting (IF) is a prevalent
fasting method characterized by alternating periods of
regular eating and complete or limited food consumption.
Intermittent fasting (IF) encompasses many fasting methods,
such as alternate-day fasting (fasting every other day), time-
restricted feeding (fasting within a specific daily time frame,
like during Ramadan), or whole-day fasting (usually fasting
completely for 1-2 days per week) (Tinsley, 2015) [?71,
Multiple research indicates that adhering to fasting regimens
can yield advantages. Animals that practice alternate-day
fasting have a decrease in body fat, heart rate, and blood
pressure. These effects seem to be exclusive to intermittent
fasting (IF) and not merely calorie restriction (CR).
Undoubtedly, mice who were fed according to an
intermittent fasting (IF) regimen with a 15%-30% decrease
in food consumption experienced more significant
improvements compared to those that were treated to a daily
calorie-restricted diet with a 40% reduction (Mager et al.,
2006) %1, Additional research conducted on rodents
indicates that fasting has the potential to decrease insulin
resistance, lower the likelihood of developing
cardiovascular disease, slow down the advancement of
cancer, and protect against neurodegeneration in the brain
(Mattson, 2017) 7],

Preliminary findings in rodents indicate that intermittent
fasting (IF) is at least equally successful as calorie
restriction (CCR) diets in terms of promoting health
advantages, such as weight loss and enhanced insulin
sensitivity.  Nevertheless, the available evidence
substantiating the health advantages of fasting for humans is
restricted to a small number of randomised controlled trials
and observational studies, most of which have relatively
small sample sizes and limited duration. Two recent
evaluations of intermittent fasting (IF) and its advantages
for humans discovered that the majority of studies focused
on the reduction of body weight and health outcomes
connected to obesity while paying little attention to
secondary outcomes such as cognitive function (Horne,
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2017) 11,

The impact of continuous calorie restriction, fasting, and
cognition

Considering the potential health advantages of calorie
restriction in humans, there is a need to examine the effects
of calorie restriction and fasting on the brain. One idea
elucidated by Mattson examines the hypothesis that the
human brain has developed to offer a competitive edge in
times of food scarcity, by assuring optimal cognitive
performance throughout the search for nutrition. This
implies that fasting and caloric restriction (CCR) may have
beneficial impacts on brain function. Nevertheless,
considering the significant glucose needs of executive
function, it is plausible that CCR could potentially have
negative effects on certain aspects of cognitive performance.
Cognitive function refers to a wide range of mental
activities that help us acquire information and
understanding. The human cognitive system enables the
perception, reasoning, storage, and manipulation of
information, as well as problem-solving depending on
existing information.

Some studies indicate that CCR has a detrimental effect on
attentional processes and cognitive flexibility. However,
another study suggests that CCR may help mitigate age-
related cognitive decline. Generally, reviews are scarce
regarding the immediate effect of CCR on cognitive abilities
in people. A recent review has substantiated the existing
modest evidence, while another study has shown that short-
term fasting is linked to cognitive impairments, specifically
affecting higher-order processes such as attention and
flexibility. It is important to highlight that these evaluations
emphasize the necessity for additional long-term studies on
fasting. Furthermore, due to inconsistencies and limitations
in the methods used in current studies, the effect of fasting
on cognition is still largely uncertain. In addition, other
reviews analyse the effects of CCR, fasting, and cognition
individually, or the authors restrict their search to studies
that incorporate an additional variable, such as exercise,
glucose metabolism, or age-related disease.

Methods

A search of the PsycINFO database was carried out in
October 2018 and subsequently updated in January 2023. In
the original evaluation, the process of searching the database
included entries from the earliest available date up until
October 2018. In the amended review, the search for
relevant literature was conducted from October 2018 to
January 2023, including both of these months. We
exclusively incorporated empirical investigations that
assessed cognitive function following the alteration of
overall energy consumption in adult human volunteers (aged
18 years or older). We incorporated empirical investigations
that explored CCR, fasting, or a combination of both. CCR
is defined as a purposeful decrease in energy consumption
to less than 100% (i.e., studies where food intake was
reduced but some food was still permitted). We have seen
studies with a range of CCR values between 17% and 80%.
Fasting was defined as a period of complete elimination of
energy intake, meaning that there was no consumption of
foods or fluids containing calories, for a minimum duration
of 4 hours.
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Based on the research encompassed intermittent fasting (IF),
alternate-day fasting, time-restricted feeding, and several
other fasting strategies. The majority of the studies included
in our analysis had unrestricted access to water, but we did
not have a specific criterion for this in our search. The
cognitive domains examined were attention, inhibition, set-
shifting, processing speed, working memory (WM), and
psychomotor speed. Attention is the cognitive process that
enables us to actively analyse specific stimuli, while
inhibition is a cognitive control mechanism that allows us to
suppress irrelevant stimuli. Set shifting is a cognitive
function that involves the capacity to redirect attention from
one task to another. Processing speed pertains to the
velocity at which an individual can perceive and process
information. Working memory (WM) is a component of the
memory system that briefly holds and processes
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information. Psychomotor speed is the duration between
cognitive processing and physical response.
The exclusion criteria for our study were as follows: the
inclusion of exercise as an intervention that differed
between control and restriction groups, the comparison of
specific dietary manipulations such as low-carbohydrate,
high-fat diet or Mediterranean diet, unpublished work such
as dissertation studies, participants diagnosed with an eating
disorder, and the use of quasi-experimental methods such as
observations or interventions.

After applying the inclusion and exclusion criteria, the
initial search produced 936 items, which were then
narrowed down to 25. After the search was updated, a total
of 15 articles were found. However, after considering the
inclusion and exclusion criteria, the number of articles was
decreased to 8.

Table: The impact of ongoing calorie restriction on cognitive function and the influence of fasting on cognitive abilities (without any intake
of food or calorie-containing fluids, limited to water only).

. Duration Ener Workin . Processin
Population sample (d) reductiogly(%) memor;;] Attention speed g Reference
42 adults with overweight 180 30 _ No change | No change Cheatham et al., 2009 [
106 adults with overweight 365 28 Increases _ No change | Brinkworth et al., 2009 [4
93 adults with obesity 56 30 Increases No change Increases Halyburton et al., 2007 !
50 adults with obesity 116 24 No change _ No change Siervo et al., 2012 [23]
44 adults with obesity 56 30 No change | Nochange | No change Pearce et al., 2012 [37]
60 healthy adults 16 100 _ _ _ Bolton et al., 2014 [38]
60 healthy adults 18 100 No change | Nochange | No change Pender et al., 2014 [39]
80 female students 14 100 No change _ No change | Benton and Parker, 1998 1
18 male athletes 18 100 increases increases Tian et al., 2011 (28]
33 female students 20 100 _ _ Howard et al., 2020 3

Table: An investigation of the impact of continuous calorie restriction and fasting on cognitive function.

Duration Energy

Working Processing

Population sample (d) reduction (%) memory Attention speed Reference
43 individuals, aged 35-75y, 28 100% and 20% | Decrease in the Kim et al., 2020
with central obesity (500kcal deficit) | fasting group - - [14]
46 women with overweight or 56 70% Increases in | Increases in Teong et al.,
obesity - both group | both group 2021 [%9]
17 healthy or with overweight o o Zajac et al.,
female participants 7.5 100% and 70% No change No change No change 2021, [3]

Findings

In this analysis, we examine research that evaluated the
effects of fasting, caloric restriction (CCR), or a
combination of both. Out of the research examined, 15 were
CCR studies and 16 were fasting studies. Only three studies
explicitly compared the cognitive effects of CCR and IF.
Out of the 33 research in total, 11 employed between-
participant designs whereas the remaining studies utilised
within-participant designs. The impact of CCR and fasting
on all cognitive domains mentioned is consolidated.

Attention

The majority of our everyday duties necessitate us to
observe distinct stimuli and frequently include the
requirement to maintain our focus or shift it as needed until
a task is finished. Occupations that entail mechanical or
medical operations carry risks due to decreased focus.
Therefore, it is crucial to comprehend the effects of CCR
and fasting on this specific field.

Studies on the effects of continuous calorie restriction
(Martin, 2013) [61,
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Across 5 trials, researchers saw no alterations in attention
following CCR. However, an enhancement in attention was
documented in 3 studies, whereas a decline in attention was
noted in 1 study. Overweight individuals who reduced their
calorie intake by 25% over a period of 168 days did not
experience any alterations in attention, as assessed by
Conner's Continuous Performance Test IlI. This test
evaluates attention, concentration, inattention, and
impulsivity. Seven more investigations employing various
attentional tasks failed to observe any significant disparities
in attention between controlled calorie restriction (CCR) and
unrestricted eating (Rosvold, 1953) 22,

Working memory

Multiple research employed a digit-span task. Digit span is
frequently employed as an assessment of one's ability to
retain and recall numbers in short-term memory. The task
necessitates the participants to promptly recollect a
sequence of numbers in the accurate sequence immediately
following the presentation of the numbers. The digit-span
backward task involves the participant's ability to recall a
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series of numbers in the opposite order they were presented
(Halyburton, 2007) I,

A study assessed the ability of participants to remember a
sequence of numbers, known as digit span memory. The
participants were divided into two groups: one group
consumed low-fat foods, while the other group consumed
low-carbohydrate foods. Both groups had their calorie
intake reduced by 30%. The researchers discovered that the
ability to remember and repeat a series of numbers in
reverse order was considerably enhanced in both groups
after 8 weeks of cognitive training. However, the absence of
a control group raises the likelihood that the observed
improvement may be attributed to practice effects rather
than the intervention itself (Buffenstein, 2000) 1.

Processing speed

The researchers found that reaction time was more impaired
on fasting days for participants during medium-difficulty
tasks than for lower or higher-rated tasks. The authors
suggested their findings highlight the importance of
considering the role played by task demands and their level
of difficulty when comparing studies that attempt to
measure a particular cognitive domain after calorie
reduction.

Discussion

On the whole, research on calorie restriction (CCR) were
more inclined to report benefits in cognitive function,
whereas studies on fasting were more likely to report
deficits. This suggests that the extent and duration of calorie
restriction may have significant effects on the direction of
any influence on cognition. A moderate reduction in calorie
intake may be linked to enhancements in certain cognitive
areas, whereas extreme restriction or prolonged total fasting
is more likely to result in a decline in performance
(Solianik, 2020) 231,

The majority of deficits were noted in the areas of cognitive
flexibility and motor response speed, in both fasting and
continuous calorie restriction (CCR) investigations. Two
separate investigations (studies 71 and 72) found that the
capacity to shift between tasks reduced following a 20-hour
fast and a 48-hour fast, respectively. Additionally, research
from the literature on caloric restriction (CCR) indicated
deficits in set-shifting ability after extreme caloric
restriction (75%) over a period of 2 days. This is most
similar to the 5:2 Intermittent Fasting (IF) diet, when calorie
consumption is reduced by 75% for two days per week. The
sole study that observed a notable distinction between
fasting and continuous calorie restriction (CCR),
specifically in relation to working memory (WM), also
replicated the effects of a 5:2 diet. Two This implies that the
level of cognitive reserve (CR) may have a significant
impact on alterations in set-shifting and working memory
(WM) capacity during the process of dieting.

All three fasting studies that assessed psychomotor speed
found notable deficits. Significantly, these studies
specifically selected physically fit university students, and
their results were comparable to research conducted on
young individuals diagnosed with AN.79 Hence, conducting
further research to examine the impact of fasting, a form of
restrictive eating, on psychomotor speed would contribute to
our comprehension of a potential cognitive profile for eating
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disorders (EDs). The majority of enhancements were noted
in the areas of inhibition, working memory (WM), and
attention (in 9 studies). The majority of these studies
focused on CCR, but interestingly, 2 fasting trials indicated
a positive impact on attention.

Ultimately, the literature presented conflicting results about
the effects of CCR and fasting on processing speed.

Conclusion

In general, it seems that the duration of fasting and the
extent of calorie reduction, such as a 50% reduction through
Caloric Restriction (CCR) compared to a complete
reduction through fasting, are both significant factors that
can impact cognitive performance. Further research could
provide additional clarity by conducting experiments on
participants who experience different levels of limitation.
The animal research conducted by Vitousek et al. could
offer a valuable perspective for interpreting the literature.
According to their review, there is a point at which reducing
food intake can improve cognition. However, beyond this
point, it may have negative effects on cognitive functioning
and physical health. This has significant consequences for
eating disorders characterized by severe and prolonged
caloric restriction, as well as regimens that involve
intermittent fasting. In these cases, the objective of
optimizing health must be carefully balanced with the
delicate distinction between optimal and suboptimal caloric
restriction (Vitousek, 2004) (2% 301,
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