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Effect of sleep and mood on academic performance
—at interface of physiology, psychology, and
education
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Academic achievement and cognitive functions are influenced by sleep and mood/emotion.

In addition, several other factors affect learning. A coherent overview of the resultant

interrelationships is essential but has not been presented till date. This unique and inter-

disciplinary review sits at the interface of physiology, psychology, and education. It compiles

and critically examines the effects of sleep and mood on cognition and academic performance

while including relevant conflicting observations. Moreover, it discusses the impact of several

regulatory factors on learning, namely, age, gender, diet, hydration level, obesity, sex hor-

mones, daytime nap, circadian rhythm, and genetics. Core physiological mechanisms that

mediate the effects of these factors are described briefly and simplistically. The bidirectional

relationship between sleep and mood is addressed. Contextual pictorial models that hypo-

thesise learning on an emotion scale and emotion on a learning scale have been proposed.

Essentially, convoluted associations between physiological and psychological factors,

including sleep and mood that determine academic performance are recognised and affirmed.

The emerged picture reveals far more complexity than perceived. It questions the currently

adopted ‘one-size fits all’ approach in education and urges to envisage formulating bespoke

strategies to optimise teaching-learning approaches while retaining uniformity in education.

The information presented here can help improvise education strategies and provide better

academic and pastoral support to students during their academic journey.

Introduction

Academic performance and cognitive activities like learning are influenced by sleep and
mood or emotion. This review discusses the roles of sleep and mood/emotion in learning
and academic performance.

Sleep, mood, and emotion: definitions and descriptions. Sleep duration refers to “total amount
of sleep obtained, either during the nocturnal sleep episode or across the 24-hour period” (Kline,
2013a). Sleep quality is defined as “one’s satisfaction of the sleep experience, integrating aspects
of sleep initiation, sleep maintenance, sleep quantity, and refreshment upon awakening” (Kline,
2013b). Along similar lines, it is thought to be “one’s perception that they fall asleep easily, get
sufficient duration so as to wake up feeling rested, and can make it through their day without
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experiencing excessive daytime sleepiness” (Štefan et al., 2018).
Sleep disturbance includes disorders of initiating and maintaining
sleep (insomnias) and sleep–wake schedule, as well as dysfunc-
tions associated with either sleep or stages of sleep or partial
arousals (Cormier, 1990). Sleep deprivation is a term used loosely
to describe a lack of appropriate/sufficient amount of sleep
(Levesque, 2018). It is “abnormal sleep that can be described in
measures of deficient sleep quantity, structure and/or sleep
quality” (Banfi et al., 2019). In a study, sleep deprivation was
defined as a sleep duration of 6 h or less (Roberts and Duong,
2014). Sleep disorder overarches disorders related to sleep. It has
many classifications (B. Zhu et al., 2018). Sleep disorders or sleep-
related problems include insomnia, hypersomnia, obstructive
sleep apnoea, restless legs and periodic limb movement disorders,
and circadian rhythm sleep disorders (Hershner and Chervin,
2014).

Mood is a pervasive and sustained feeling that is felt internally
and affects all aspects of an individual’s behaviour (Sekhon and
Gupta, 2021). However, by another definition, it is believed to be
transient. It is low-intensity, nonspecific, and an affective state.
Affective state is an overarching term that includes both emotions
and moods. In addition to transient affective states of daily life,
mood includes low-energy/activation states like fatigue or serenity
(Kleinstäuber, 2013). Yet another definition of mood refers to
mood as feelings that vary in intensity and duration, and that
usually involves more than one emotion (Quartiroli et al., 2017).
According to the American Psychological Association, mood is
“any short-lived emotional state, usually of low intensity” and
which lacks stimuli, whereas emotion is a “complex reaction
pattern, involving experiential, behavioural and physiological
elements”. Emotion is a certain level of pleasure or displeasure (X.
Liu et al., 2018). It is “a response to external stimuli and internal
mental representations” (L. Zhang et al., 2021). It is “a conscious
mental reaction (such as anger or fear) which is subjectively
experienced as a strong feeling usually deriving from one’s
circumstances, mood, or relationships with others”. “This feeling
is typically accompanied by physiological and behavioural
changes in the body”. “This mental state is an instinctive or
intuitive feeling which arises spontaneously as distinguished from
reasoning or knowledge” (Thibaut, 2015).

Since there is some overlap between the descriptions of mood
and emotion, in the context of the core content of this review,
here, mood and emotion have not been differentiated based on
their theoretical/psychological definitions. This is because the aim
of the review is not to distinguish between the effects of mood
and emotion on learning. Thus, these have been referred to as
general affective states; essentially specific states of mind that
affect learning. Also, these have been addressed in the context of
the study being discussed and cited in that specific place in the
review.

Rationale for the topic. Sleep is essential for normal physiolo-
gical functionality. The panel of National Sleep Foundation sug-
gests sleep durations for various age groups and agrees that the
appropriate sleep duration for young adults and adults would be
7–9 hours, and for older adults would be 7–8 hours (Hirshkowitz
et al., 2015). Today, people sleep for 1–2 hours less than that
around 50–100 years ago (Roenneberg, 2013). Millions of adults
frequently get insufficient sleep (Vecsey et al., 2009), including
college and university students who often report poor and/or
insufficient sleep (Bahammam et al., 2012; Curcio et al., 2006;
Hershner and Chervin, 2014). During the COVID-19 pandemic,
sleep problems have been highly prevalent in the general popu-
lation (Gualano et al., 2020; Jahrami et al., 2021; Janati Idrissi
et al., 2020) and the student community (Marelli et al., 2020).

Poor and insufficient sleep is a public health issue because it
increases the risk of developing chronic pathologies, and imparts
negative social and economic outcomes (Hafner et al., 2017).

Like sleep, mood and emotions determine our physical and
mental health. Depressive disorders have prevailed as one of the
leading causes of health loss for nearly 30 years (James et al.,
2018). Increased incidence of mood disorders amongst the
general population has been observed (Walker et al., 2020), and
there is an increase in such disorders amongst students
(Auerbach et al., 2018). These have further risen during the
COVID-19 pandemic (Son et al., 2020; Wang et al., 2020).

The relationship between sleep, mood and cognition/learning
is far more complex than perceived. Therefore, this review aims to
recognise the interrelationships between the aforementioned trio.
It critically examines the effects of sleep and mood on cognition,
learning and academic performance (Fig. 1). Furthermore, it
discusses how various regulatory factors can directly or indirectly
influence cognition and learning. Factors discussed here are age,
gender, diet, hydration level, obesity, sex hormones, daytime nap,
circadian rhythm, and genetics (Fig. 1). The effect of sleep and
mood on each other is also addressed. Pictorial models that
hypothesise learning on an emotion scale and vice-versa have
been proposed.

Effect of sleep on cognition and academic performance
Adequate sleep positively affects memory, learning, acquisition of
skills and knowledge extraction (Fenn et al., 2003; Friedrich et al.,
2020; Huber et al., 2004; Schönauer et al., 2017; Wagner et al.,
2004). It allows the recall of previously gained knowledge despite
the acquisition of new information and memories (Norman,
2006). Sleeping after learning acquisition regardless of the time of

Fig. 1 Complex relationship between sleep, mood, and learning. Sleep and
mood/emotion affect cognition and academic achievement. Their effects
can be additionally influenced by other factors like diet, metabolic disorders
(e.g., obesity), circadian rhythm, daytime nap, hydration level, age, gender,
and genetics. The figure presents the interrelationships and highlights the
complexity emerging from the interdependence between factors, action of
multiple factors on a single factor or vice-versa and the bidirectional nature
of some associations. These associations collectively determine learning
and thereby, academic achievement. Direction of the arrow represents
effect of a factor on another.
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the day is thought to be beneficial for memory consolidation and
performance (Hagewoud et al., 2010). Therefore, unperturbed
sleep is essential for maintaining learning efficiency (Fattinger
et al., 2017).

Sleep quality and quantity are strongly associated with aca-
demic achievement in college students (Curcio et al., 2006; Okano
et al., 2019). Sufficient sleep positively affects grade point average,
which is an indicator of academic performance (Abdulghani et al.,
2012; Hershner and Chervin, 2014) and supports cognitive
functionality in school-aged children (Gruber et al., 2010). As
expected, insufficient sleep is associated with poor performance in
school, college and university students (Bahammam et al., 2012;
Hayley et al., 2017; Hedin et al., 2020; Kayaba et al., 2020; Perez-
Chada et al., 2007; Shochat et al., 2014; Suardiaz-Muro et al.,
2020; Taras and Potts-Datema, 2005). In adolescents aged 14–18
years, not only did sleep quality affect academic performance
(Adelantado-Renau, Jiménez-Pavón, et al., 2019) but one night of
total sleep deprivation negatively affected neurobehavioral per-
formance-attention, reaction time and speed of cognitive pro-
cessing, thereby putting them at risk of poor academic
performance (Louca and Short, 2014). In university students aged
18–25 years, poor sleep quality has been strongly associated with
daytime dysfunctionality (Assaad et al., 2014). Medical students
tend to show poor sleep quality and quantity. In these students,
not sleep duration but sleep quality has been shown to correlate
with academic scores (Seoane et al., 2020; Toscano-Hermoso
et al., 2020). Students may go through repeated cycles wherein the
poor quality of sleep could lead to poor performance, which in
turn may again lead to poor quality of sleep (Ahrberg et al., 2012).
Sleep deprivation in surgical residents tends to decrease proce-
dural skills, while in non-surgical residents it diminishes inter-
pretational ability and performance (Veasey et al., 2002).

Such effects of sleep deprivation are obvious because it can impair
procedural and declarative learning (Curcio et al., 2006; Kurniawan
et al., 2016), decrease alertness (Alexandre et al., 2017), and impair
memory consolidation (Hagewoud et al., 2010), attention and
decision making (Alhola and Polo-Kantola, 2007). It can increase
low-grade systemic inflammation and hinder cognitive functionality
(Choshen-Hillel et al., 2020). Hippocampus is the region in the brain
that plays the main role in learning, memory, social cognition, and
emotion regulation (Y. Zhu et al., 2019). cAMP signalling plays an
important role in several neural processes such as learning and
memory, cellular excitability, motor function and pain (Lee, 2015). A
brief 5-hour period of sleep deprivation interferes with cAMP sig-
nalling in the hippocampus and impairs its function (Vecsey et al.,
2009). Thus, optimal academic performance is hindered, if there is a
sleep disorder (Hershner and Chervin, 2014).

Caveats to affirming the impact of sleep on cognition and
academic performance
Despite the clear significance of appropriate sleep quality and
quantity in cognitive processes, there are some caveats to drawing
definitive conclusions in certain areas. First, there are uncer-
tainties around how much sleep is optimal and how to measure
sleep quality. This is further confounded by the dependence of
sleep quality and quantity on various genetic and environmental
factors (Roenneberg, 2013). Moreover, although sleep enhances
emotional memory, during laboratory investigations, this effect
has been observed only under specific experimental conditions.
Also, the experiments conducted have differed in the methods
used and in considering parameters like timing and duration of
sleep, age, gender and outcome measure (Lipinska et al., 2019).
This orientates conclusions to be specific to those experimental
conditions and prevents the formation of generic opinions that
would be applicable to all circumstances.

Furthermore, some studies on the effects of sleep on learning
and cognitive functions have shown either inconclusive or
apparently unexpected results. For example, in a study, although
college students at risk for sleeping disorders were thought to be
at risk for academic failure, this association remained unclear
(Gaultney, 2010). Other studies showed that the effect of sleep
quality and duration on academic performance was trivial
(Dewald et al., 2010) and did not significantly correlate with
academic performance (Johnston et al., 2010; Sweileh et al., 2011).
In yet another example, despite the reduction in sleep hours
during stressful periods, pharmacy students did not show
adversely affected academic performance (Mnatzaganian et al.,
2020). Also, the premise underlining the significance of sleep
hours in enhancing the performance of clinical duties was chal-
lenged when the average daily sleep did not affect burnout in
clinical residents, where the optimal sleep hours that would
maximise learning and improve performance remained unknown
(Mendelsohn et al., 2019). In some other examples, poor sleep
quality was associated with stress but not with academic perfor-
mance that was measured as grade point average (Alotaibi et al.,
2020), showed no significant impact on academic scores (Javaid
et al., 2020) and there was no significant difference between high-
grade and low-grade achievers based on sleep quality (Jalali et al.,
2020). Insomnia reflects regularly experienced sleeping problems.
Strangely, in adults aged 40–69 years, those with frequent
insomnia showed slightly better cognitive performance than
others (Kyle et al., 2017).

The reason for such inconclusive and unanticipated results
could be that sleep is not the sole determinant of learning.
Learning is affected by various other factors that may alter,
exacerbate, or surpass the influence of sleep on learning (Fig. 1).
These factors have been discussed in the subsequent sections.

Effect of mood/emotion on cognition and learning
Emotions reflect a certain level of pleasure or displeasure (X. Liu
et al., 2018). Panksepp described seven basic types of emotions,
whereby lust, seeking, play and care are positive emotions
whereas anger, fear and sadness are negative emotions (Davis and
Montag, 2019). Emotions influence all cognitive functions
including memory, focus, problem-solving and reasoning (Tyng
et al., 2017). Positive emotions such as hope, joy and pride
positively correlate with students’ academic interest, effort and
achievement (Valiente et al., 2012) and portend a flexible brain
network that facilitates cognitive flexibility and learning (Betzel
et al., 2017).

Mood deficit often precedes learning impairment (LeGates
et al., 2012). In a study by Miller et al. (2018), the negative mood
is referred to as negative emotional induction, as was achieved by
watching six horror films by the subjects in that study. Other
examples of negative emotions given by the authors were anxiety
and shame. Negative mood can unfavourably affect the learning
of an unfamiliar language by suppressing the processing of native
language that would otherwise help make connections, thereby
reiterating the link between emotions and cognitive processing
(Miller et al., 2018). Likewise, worry and anxiety affect decision-
making. High level of worry is associated with poor task perfor-
mance and decreased foresight during decision-making (Worthy
et al., 2014). State anxiety reflects a current mood state and trait
anxiety reflects a stable personality trait. Both are associated with
an increased tendency of “more negative or more threatening
interpretation of ambiguous information”, as can be the case in
clinically depressed individuals (Bisson and Sears, 2007). This
could explain why some people who show the symptoms of
depression and anxiety may complain of confusion and show an
inability to focus and use cognition skills to appraise contextual
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clues. Patients with major depressive disorder have scored lower
on working and verbal memory, motor speed and attention than
healthy participants (Hidese et al., 2018). Similarly, apathy,
anxiety, depression, and mood disorders in stroke patients can
adversely affect the functional recovery of patients’ cognitive
functions (Hama et al., 2020). These examples collectively present
a positive correlation between good mood and cognitive
processes.

Caveats to affirming the impact of mood/emotion on
cognition and academic performance
Based on the examples and discussion so far, a direct relationship
between emotions and learning could be hypothesised, whereby
positive emotions would promote creative learning strategies and
academic success, whereas negative emotions would lead to
cognitive impairment (Fig. 2a). However, this relationship is far
more complex and different than perceived.

Although positive mood favours the recall of learnt words, it
correlates with increased distraction and poor planning (Martin
and Kerns, 2011). High levels of positive emotions like excited-
ness and elatedness may decrease achievement (Fig. 2b) (Valiente
et al., 2012). It may be surprising to know that negative emotions

such as shame and anxiety can arouse cognitive activity (Miller
et al., 2018). Along similar lines, it has been observed that par-
ticipants exposed to sad and neutral moods performed similarly
in visual statistical (learning) tasks but those who experienced sad
stimuli showed high conscious access to the acquired statistical
knowledge (Bertels et al., 2013). Dysphoria is a state of dis-
satisfaction that may be accompanied by anxiety and depression.
Participants with dysphoria have shown more sensitivity to
temporal shifts in outcome contingencies than those without
dysphoria (Msetfi et al., 2012), and these participants reiterated
the depressive realism effect and were quicker in endorsing the
connection between negative words and ambiguous statements,
demonstrating a negative bias (Hindash and Amir, 2012). Like-
wise, not the positive emotion but negative emotion has been
shown to influence the learning outcomes, and it increased the
efficiency and precision of learning morphosyntactic instructions
involving morphology and syntax of a foreign language (X. Liu
et al., 2018). Thus, negative emotions can allow, and at times,
stimulate or facilitate learning (Figs. 2 and 3). Further investi-
gation is needed on the intensity of these emotions, whether these
would facilitate better or worse learning than high-intensity
positive emotions and whether the results would be task specific.

Moreover, the intensity of positive emotions does not show
direct mathematical proportionality to learning/achievement. In
other words, the concept of ‘higher the intensity of positive
emotions, higher the achievement’ is not applicable. Low-intensity
positive emotions such as satisfaction and relaxedness may be
potentially dysregulating and high-intensity positive emotions
may hamper achievement (Figs. 2b and 3). Optimal achievement
is likely to be associated with low to medium level intensity of
positive emotions like pleasantness (Valiente et al., 2012) (Fig. 3).
Therefore, it has been proposed that both positive and negative
high arousal emotions impair cognitive ability (Figs. 2b and 3)
whereas low-arousal emotions could enhance behavioural per-
formance (Miller et al., 2018).

Interestingly, some studies have indicated that emotions do not
play a significant role in context. For example, a study showed
that there was no evidence that negative emotions in depressed
participants showed negative interpretations of ambiguous
information (Bisson and Sears, 2007). In another study,
improvements in visuomotor skills happened regardless of per-
turbation or mood states (Kaida et al., 2017). Thus, mood can
either impair, enhance or have no effect on cognition. The effect
of mood on cognition and learning can be variable and depend on
the complexity of the task (Martin and Kerns, 2011) and/or other
factors. Some of these factors have been discussed in the following
section. The discrepancies in the data on the effects of mood on
cognition and learning may be partly attributed to the influence
of these factors on cognitive functions.

Factors affecting cognition and its relationships with sleep
and mood/emotion
The relationship of cognition with sleep and mood is confounded
by the influence of various factors (Tyng et al., 2017) such as diet,
hydration level, metabolic disorders (e.g., obesity), sex hormones
and gender, sleep, circadian rhythm, age and genetics (Fig. 1).
These factors and their relationships with learning are discussed
in this section.

Diet. A healthy diet is defined as eating many servings per day of
fruits and vegetables, while maintaining a critical view of the
consumption of saturated fat, sugar and salt (Healthy Diet—an
Overview|ScienceDirect Topics, n.d.). It is also about adhering to
two or more of the three healthy attributes with regards to food
intake, namely, sufficiently low meat, high fish and high fruits and

Fig. 2 Model proposing emotions on a hypothetical learning scale.
Emotions have been shown on a hypothetical learning scale. a Usually,
positive and negative emotions are perceived to match with optimal and poor
learning, respectively. b Emotions that lead to sub-optimal/poor and
optimal/better learning have been shown on the hypothetical learning scale.
Here, distinct from (a), both negative emotions and high arousal positive
emotions have been implicated in poorer learning compared with low-
intensity positive emotion like pleasantness; the latter is believed to lead to
optimal learning. The question mark reflects that some negative emotions
like shame might stimulate learning, but the exact intensity of such emotions
and whether these would facilitate better or worse learning than high arousal
positive emotions or pleasantness need to be investigated.
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vegetables (Sarris et al., 2020). Another definition of a healthy diet
is the total score of the healthy eating index >51 (Zhao et al.,
2021).

The association between an unhealthy diet and the develop-
ment of metabolic disorders has been long established. In
addition, food affects both cognition and emotion (Fig. 1)
(Spencer et al., 2017). Food and mood show a bidirectional
relation whereby food affects mood and mood affects the choice
of food made by the individual. Alongside, poor diet can lead to
depression while a healthy diet reduces the risk of depression
(Francis et al., 2019). A high-fat diet stimulates the hippocampus
to initiate neuroinflammatory responses to minor immune
challenges and this causes memory loss. Likewise, low intake of
omega-3 polyunsaturated fatty acids can affect endocannabinoid
and inflammatory pathways in the brain causing microglial
phagocytosis, i.e., engulfment of synapses by the brain microglia
in the hippocampus, eventually leading to memory deficits and
depression. On the other hand, vegetables and fruits rich in
polyphenolics can lower oxidative stress and inflammation, and
thereby avert and/or reverse age-related cognitive dysfunction-
ality (Spencer et al., 2017). Fruits and vegetables, fish, eggs, nuts,
and dairy products found in the Mediterranean diet can reduce
the risk of developing depression and promote better mental
health than sugar-sweetened beverages and high-fat food found in
Western diets. Consumption of dietary antioxidants such as the
polyphenols in green tea has shown a negative correlation with
depression-like symptoms (Firth et al., 2020; Huang et al., 2019;
Knüppel et al., 2017). Likewise, chocolate or its components have
been found to reduce negative mood or enhance mood, and also
enhance or alter cognitive functions temporarily (Scholey and
Owen, 2013). Alcohol consumption is prevalent amongst

university students including those who report feelings of sadness
and hopelessness (Htet et al., 2020). It can lead to poor academic
performance, hamper tasks that require a high degree of cognitive
control, dampen emotional responsiveness, impair emotional
processing, and generally cause emotional dysregulation (Euser
and Franken, 2012). Further details on the effects of diet on mood
have been discussed elsewhere (Singh, 2014). Diet also affects
sleep (Binks et al., 2020), which in turn affects learning and
academic performance. Thus, diet is linked with sleep, mood, and
brain functionality (Fig. 1).

Hydration. Water is a critical nutrient accounting for about 3/4th
of the brain mass (N. Zhang et al., 2019). Unlike the previously
thought deficit of 2% or more in body water levels, loss of about
1–2% can be detrimental and hinder normal cognitive function-
ality (Riebl and Davy, 2013). Thus, mild dehydration can disrupt
cognitive functions and mood; particularly applicable to the very
old, the very young and those living in hot climatic conditions or
those exercising rigorously. Dehydration diminishes alertness,
concentration, short-term memory, arithmetic ability, psycho-
motor skills and visuomotor tracking. This is possibly due to the
dehydration-induced physiological stress which competes with
cognitive processes. In children, voluntary water intake has been
shown to improve visual attention, enhance memory perfor-
mance (Popkin et al., 2010) and generally improve memory and
attention (Benton, 2011). In adults, dehydration can elevate
anger, fatigue and depression and impair short-term memory and
attention, while rehydration can alleviate or significantly improve
these parameters (Popkin et al., 2010; N. Zhang et al., 2019).
Thus, dehydration causes alterations in cognition and emotions,

Fig. 3 Model proposing optimal learning on a hypothetical emotion scale. The figure depicts that low-to-medium intensity positive emotion like
pleasantness leads to optimal learning, whereas high-intensity emotions, either positive or negative, may lead to suboptimal or comparatively poorer
learning. The model considers the apparently unexpected data that negative emotions may stimulate learning. However, which negative emotions these
would be, their intensities and their corresponding level of learning are not known, and so these are not shown in the figure. Also, the figure shows bias
towards positive emotions in mediating optimal learning. This information is based on the literature so far. Note that the figure represents concepts only
and is not prescriptive. It shows inequality and differences between the impacts of high arousal positive and high arousal negative emotions. This concept
needs to be investigated. Therefore, the figure may/may not be an accurate mathematical representation of learning with regards to the intensities of
positive and negative emotions. In actuality, the scaling and intensities of emotions on the negative and positive sides of the scale may not be equal,
particularly in reference to the position of optimal learning on the scale. Furthermore, upon plotting the 3rd dimension, which could be one or more of the
regulatory factors discussed here might alter the position and shape of the optimal learning peak.
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thereby showcasing the impact of hydration levels on both
learning and emotional status (Fig. 1).

Interestingly, when older persons are deprived of water, they are
less thirsty and less likely to drink water than water-deprived younger
persons. This can be due to the defective functionality of
baroreceptors, osmoreceptors and opioid receptors that alter thirst
regulation with aging (Popkin et al., 2010). Since water is essential for
the maintenance of memory and cognitive performance, the decline
of cognitive functionality in the elderly could be partly attributed to
their lack of sufficient fluid/water intake when dehydrated.

Obesity and underweightness. Normal weight is defined as a
body mass index between 18.5 and 25 kg/m2 (McGee and Diverse
Populations Collaboration, 2005) or between 22 and 26.99 kg/m2

(Nösslinger et al., 2021). Being underweight reflects rapid weight
loss or an inability to increase body mass and is defined through
grades (1–3) of thinness. In children, these are associated with
poor academic performance in reading and writing skills, and
mathematics (Haywood and Pienaar, 2021). Basically, under-
weight children may have health issues and this could affect their
academic abilities (Zavodny, 2013). Also, malnourished children
tend to show low school attendance and may show poor con-
centration and impaired motor functioning and problem-solving
skills that could collectively lead to poor academic performance at
school (Haywood and Pienaar, 2021). Malnourished children can
show poor performance on cognitive tasks that require executive
function. Executive functions could be impaired in overweight
children too and this may lead to poor academic performance
(Ishihara et al., 2020). The negative relation between over-
weightness and academic performance also implies that the
reverse may be true. Poor academic outcome may cause children
to overeat and reduce exercise or play and this could lead to them
being overweight (Zavodny, 2013).

The influence of weight on academic performance is reiterated
in observations that in children independent of socioeconomic
and other factors, weight loss in overweight/obese children and
weight gain in underweight children positively influenced their
academic performance (Ishihara et al., 2020). Interestingly,
independent of the BMI classification, perceptions of underweight
and overweight can predict poorer academic performance. In
youth, not only larger body sizes but perceptions about deviating
from the “correct weight” can impede academic success. This
clearly indicates an impact of overweight and underweight
perceptions on the emotional and physical health of adolescents
(Fig. 1) (Livermore et al., 2020).

Cognitive and mood disorders are common co-morbidities
associated with obesity. Compared to people with normal weight,
obese individuals frequently show some dysfunction in learning,
memory, and other executive functions. This has been partly
attributed to an unhealthy diet, which causes a drift in the gut
microbiota. In turn, the obesity-associated microbiota contributes
to obesity-related complications including neurochemical, endo-
crine and inflammatory changes underlying obesity and its
comorbidities (Agustí et al., 2018). The exacerbated inflammation
in obesity may impair the functionality of the region in the brain
that is associated with learning, memory, and mood regulation
(Castanon et al., 2015).

Obesity and mood appear to have a reciprocal relationship
whereby obesity is highly prevalent amongst individuals with
major depressive disorder and obese individuals are at a high risk
of developing anxiety, depression and cognitive malfunction
(Restivo et al., 2017). In patients with major depressive disorder,
obesity has been associated with reduced cognitive functions,
likely due to the reduction in grey matter and impaired integrity of
white matter in the brain, particularly in areas related to cognition

(Hidese et al., 2018). Obesity has been shown to be a predictor of
depression and the two are linked via psychobiological mechan-
isms (LaGrotte et al., 2016). Notably, sleep deprivation increases
the risk of obesity (Beccuti and Pannain, 2011) and sleep helps
evade obesity (Pearson, 2006). Collectively, this links cognition
and academic achievement with sleep, obesity, and mood.

Sex hormones and gender. According to the Office of National
Statistics, the UK government defines sex as that assigned at birth
and which is generally male or female, whereas gender is where
an individual may see themselves as having no gender or non-
binary gender or on a spectrum between man and woman. The
following section discusses both sex and gender in context, as
addressed within the cited studies.

Studies show that females outperform males in most academic
subjects (Okano et al., 2019) and show more sustained
performance in tests than male peers (Balart and Oosterveen,
2019). This indicates that biological sex may play a role in
academic performance. The hormone oestrogen helps develop
and maintain female characteristics and the reproductive system.
Oestrogen also affects hippocampal neurogenesis, which involves
neural stem cells proliferation and survival, and this contributes
to memory retention and cognitive processing. Generally, on
average, females show higher levels of oestrogen than males. This
may partly explain the observed sex-based differences in
academic achievement. Administration of oestrogen in females
has been proposed to positively affect cognitive behaviour as well
as depressive-like and anxiety-like behaviours (Hiroi et al., 2016).
Clinical trials can establish whether there are any sex-based
differences in cognition following oestrogen administration in
males and females.

Progesterone, the hormone released by ovaries in females is
also produced by males to synthesise testosterone. It affects some
non-reproduction functions in the central nervous system in both
males and females such as neural circuits formation, and regulates
memory, learning and mood (González-Orozco and Camacho-
Arroyo, 2019). The menstrual cycle in females shows alterations
in oestrogen and progesterone levels and is broadly divided into
early follicular, mid ovulation and late luteal phase. It is believed
that the low-oestrogen-low-progesterone early follicular phase
relates to better spatial abilities and “male favouring” cognitive
abilities, whereas the high-oestrogen-high-progesterone late
follicular or mid-luteal phases relate to verbal fluency, memory
and other “female favouring” cognitive abilities (Sundström
Poromaa and Gingnell, 2014). Thus, sex-hormone derivatives
(salivary oestrogen and salivary progesterone) can be used as
predictors of cognitive behaviour (McNamara et al., 2014). These
ovarian hormones decline with menopause, which may affect
cognitive and somatosensory functions. However, ovariectomy of
rats, which depleted ovarian hormones, caused depression-like
behaviour in rats but did not affect spatial performance (Li et al.,
2014). While this suggests a positive effect of these hormones on
mood, it questions their function in cognition and proposes
activity-specific functions, which need to be investigated.

Serotonin is a neurotransmitter. Reduced serotonin is corre-
lated with cognitive dysfunctions. Tryptophan hydroxylase-2 is
the rate-limiting enzyme in serotonin synthesis. Polymorphisms
of this enzyme have been implicated in cognitive disorders.
Women have a lower rate of serotonin synthesis and are more
susceptible to such dysfunctions than men (Hiroi et al., 2016;
Nishizawa et al., 1997), implying a greater impact of serotonin
reduction on cognitive functions in women than in men. Central
serotonin also helps to maintain the feeling of happiness and
wellbeing, regulates behaviour, and suppresses appetite, thereby
modulating nutrient intake. Additionally, it has the ability to
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promote the wake state and inhibit rapid eye movement sleep
(Arnaldi et al., 2015; Yabut et al., 2019). Thus, any sex-based
differences in serotonin levels may affect cognitive functions
directly or indirectly via the aforementioned parameters.

Interestingly, data on the relationship between sex and sleep
have been ambiguous. While in one study, female students at a
university showed less sleep difficulties than male peers (Assaad
et al., 2014), other studies showed that female students were at a
higher risk of presenting sleep disorders related to nightmares
(Toscano-Hermoso et al., 2020) and insomnia was significantly
associated with the risk of poor academic performance only in
females (Marta et al., 2020). Collectively, sex and gender may
influence learning directly, or indirectly by affecting sleep and
mood; the other two factors that affect cognitive functions (Fig. 1).

Circadian rhythm. Circadian rhythm is a biological phenomenon
that lasts for ~24 hours and regulates various physiological pro-
cesses in the body including the sleep–wake cycles. Circadian
rhythm is linked with memory formation, learning (Gerstner and
Yin, 2010), light, mood and brain circuits (Bedrosian and Nelson,
2017). We use light to distinguish between day and night. Inter-
estingly, light stimulates the expression of microRNA-132, which
is the sole known microRNA involved in photic regulation of
circadian clock in mammals (Teodori and Albertini, 2019). The
photosensitive retinal ganglions that express melanopsin in eyes
not only orchestrate the circadian rhythm with the external light-
dark cycle but also influence the impact of light on mood, learning
and overall health (Patterson et al., 2020). For example, we fre-
quently experience depression-like feelings during the dark winter
months and pleasantness during bright summer months. This can
be attributed to the circadian regulation of neural systems such as
the limbic system, hypothalamic–pituitary–adrenal axis, and
monoamine neurotransmitters. Mistimed light in the night dis-
turbs our biological judgement leading to a negative impact on
health and mood. Thus, increased incidence of mood disorders
correlates with disruption of the circadian rhythm (Walker et al.,
2020). Interestingly, a study involving university students showed
the significance of short-wavelength light, specifically, blue-
enriched LED light in reducing melatonin levels [best circadian
marker rhythm (Arendt, 2019)], and improved the perception of
mood and alertness (Choi et al., 2019). While these examples
depict the effect of circadian rhythm on mood, the reverse is also
true. Individuals who demonstrate depression show altered cir-
cadian rhythm and disturbances in sleep (Fig. 1) (Germain and
Kupfer, 2008). Also, since circadian rhythm regulates physiologi-
cal and metabolic processes, disruption in circadian rhythm can
cause metabolic dysfunctions like diabetes and obesity (Shimizu
et al., 2016), eventually affecting cognition and learning (Fig. 1).

Delayed circadian preference including a tendency to sleep later
in the night is common amongst young adults and university
students (Hershner and Chervin, 2014). This delayed sleep phase
disorder, often seen in adolescents, negatively impacts academic
achievement and is frequently accompanied by depression
(Bartlett et al., 2013; Sivertsen et al., 2015). Alongside, there is a
positive correlation between sleep regularity and academic grades,
implying that irregularity in sleep–wake cycles is associated with
poor academic performance, delayed circadian rhythm and sleep
and wake timings (Phillips et al., 2017). Even weekday-to-weekend
discrepancy in sleeping patterns has been associated with impaired
academic performance in adolescents (Sun et al., 2019). Further
connection between sleep pattern, circadian rhythm, alertness, and
the mood was observed in adolescents aged 13–18 where evening
chronotypes showed poor sleep quality and low alertness. In turn,
sleep quality was associated with poor outcomes including low
daytime alertness and depressed mood. Evening chronotypes and

those with poor sleep quality were more likely to report poor
academic performance via association with depression. Strangely,
sleep duration did not directly affect their functionality (Short
et al., 2013). Contrastingly, in adults aged 40–69 years, the evening
and morning chronotypes were associated with superior and poor
cognitive performance, respectively, relative to intermediate
chronotype (Kyle et al., 2017). In addition to this age-specific
effect, the effect of chronotype can be subject-specific. For
example, in subjects involving fluid cognition for example science,
there was a significant correlation between grades and chronotype,
implying that late chronotypes would be disadvantaged in exams
of scientific subjects if examined early in the day. This was distinct
from humanistic/linguistic subjects in which no correlation with
chronotype was observed (Zerbini et al., 2017). These observations
question the “one size fits all” approach of assessment strategies.

Daytime nap. The benefits of daytime napping in healthy adults
have been discussed in detail elsewhere (Milner and Cote, 2009).
In children, daytime nap facilitates generalisation of word
meanings (Horváth et al., 2016) and explicit memory consolida-
tion but not implicit perceptual learning (Giganti et al., 2014). A
90-min nap increases hippocampal activation, restores its func-
tion and improves declarative memory encoding (Ong et al.,
2020). Generally, daytime napping has been found to be beneficial
for memory, alertness, and abstraction of general concepts, i.e.
creating relational memory networks (Lau et al., 2011). Delayed
nap following a learning activity helps in the retention of
declarative memory (Alger et al., 2010) and exercising before the
daytime nap is thought to benefit memory more than napping or
exercising alone (Mograss et al., 2020). Also, napping for
0.1–1 hour has been associated with a reduced prevalence of
overweightness (Chen et al., 2019).

Contrastingly, in some studies, napping has been found to
impart no substantial benefits to cognition. For example, despite
the daytime nap of 1 hour, procedural performance remained
impaired after total deprivation of night sleep (Kurniawan et al.,
2016), indicating that daytime nap may not always be reparative.
In other studies, 4 weeks of 90-minute nap intervention (napping
or restriction) did not alter behavioural performance or brain
activity during sleep in healthy adults aged 18–35 (McDevitt et al.,
2018) and enhancements in visuomotor skills occurred regardless
of daytime nap (Kaida et al., 2017). Age is a factor in relishing the
benefits of napping. A 90-min nap can benefit episodic memory
retention in young adults but these benefits decrease with age
(Scullin et al., 2017) and may be harmful in the older population,
particularly in those getting more than 9 hours of sleep (Mantua
and Spencer, 2017; Mehra and Patel, 2012).

Napping can increase the risk for depression (Foley et al., 2007)
and show a positive association with depression, i.e., napping is
associated with greater likelihood of depression (Y. Liu et al.,
2018). Cardiovascular diseases, cirrhosis and kidney disease have
been linked with both daytime napping and depression (Abdel-
Kader et al., 2009; Hare et al., 2014; Ko et al., 2013). While a
previous study indicated that the time of nap, morning or
afternoon, made no difference to its effect on mood (Gillin et al.,
1989), a subsequent study suggested that the timing of nap
influenced relapses into depression. Specifically, in depressed
individuals, morning naps caused a higher propensity of relapse
into depression than afternoon naps, thereby proposing the
involvement of circadian rhythm in this process. Apart from
depression, studies have struggled to identify the direct effect of
nap on mood (Gillin et al., 1989; Wiegand et al., 1993). As
daytime napping has been associated with poor sleep quality
(Alotaibi et al., 2020), it may lead to irregular sleep–wake patterns
and thereby alter circadian rhythm (Phillips et al., 2017). Also,
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nap duration was found to be important. In patients with
affirmed depression, shorter naps were found to be more
detrimental than longer naps (Wiegand et al., 1993), whereas,
in the elderly, more and longer naps were associated with
increased risk of mortality amongst the cognitively impaired
individuals (Hays et al., 1996). Thus, daytime napping can affect
cognitive processes directly or indirectly via its association with
circadian rhythm, metabolic dysfunctions, mood, or sleep (Fig. 1).

Age. Aging is associated with decreased neurogenesis and struc-
tural changes in the hippocampus amongst other neurophysio-
logical effects. This in turn is associated with age-related mood
and memory impairments (Kodali et al., 2015). Study on the
effect of age on mood and emotion regulation in adults aged
20–70 years showed that older participants had a higher tendency
to use cognitive reappraisal while reducing negative mood and
enhancing positive mood. Interestingly, while women did not
show correlations between age and reappraisal, men showed an
increment in cognitive reappraisal with age. This indicates
gender-based differences in the effect of aging on emotion reg-
ulation (Masumoto et al., 2016). The influence of age on sleep is
well known. Older people that have sleep patterns like the young
demonstrate stronger cognitive functions and lesser health issues
than those whose sleep patterns match their age (Djonlagic et al.,
2021). Collectively, this interlinks age, cognition, mood, and sleep.

Genetics. Apparently, there is a genetic influence on learning and
emotions. Approximately 148 independent genetic loci have been
identified that influence and support the notion of heritability of
general cognitive functions (Davies et al., 2018). This indicates the
role of genetics in cognition (Fig. 1). The α-7 nicotinic acet-
ylcholine receptor (encoded by the gene CHRNA7) is expressed in
the central and peripheral nervous systems and other peripheral
tissues. It has been implicated in various behavioural and psy-
chiatric disorders (Yin et al., 2017) and recognised as an
important receptor of the cholinergic anti-inflammatory pathway
that exhibits a neuroprotective role. Its activation has been shown
to improve learning, working memory and cognition (Ren et al.,
2017). However, there have been some contrasting results related
to this receptor. While its deletion has been linked with cognitive
impairments, aggressive behaviours, decreased attention span and
epilepsy, Chrna7 deficient mice have shown normal learning and
memory, and the gene was not deemed essential for the control of
emotions and behaviour in mice. Thus, the role of α-7 nicotinic
acetylcholine receptor in maintaining mood and cognitive func-
tions, although indicative, is yet to be fully deciphered in humans
(Yin et al., 2017). Similarly, the gene Slitrk6, which plays a role in
the development of neural circuits in the inner ear may also play a
role in some cognitive functions, but it does not appear to play a
clear role in mood or memory (Matsumoto et al., 2011). Notably,
inborn errors of metabolism, i.e., rare inherited disorders may
show psychiatric manifestations even in the absence of obvious
neurological symptoms. These manifestations could involve
impairments in cognitive functions, and/or in the regulation of
learning, mood and behaviour (Bonnot et al., 2015).

Other factors and associations. Indeed, optimal learning is
additionally influenced by factors beyond those discussed here.
These factors could be adequate meal frequency, physical activity
and low screen time (Adelantado-Renau, Jiménez-Pavón, et al.,
2019; Burns et al., 2018). In adolescents, the time of internet usage
was identified as a factor that mediated the association between
sleep quality (but not duration) and academic performance
(Adelantado-Renau, Diez-Fernandez, et al., 2019; Evers et al.,
2020). Self-perception is another determinant of performance.

The American Psychological Association defines self-perception
as “person’s view of his or herself or of any of the mental or
physical attributes that constitute the self. Such a view may
involve genuine self-knowledge or varying degrees of distortion”.
Compared to other residents, surgery residents indicated the less
perceived impact of sleep-loss on their performance (Woodrow
et al., 2008). This may be related to specific work culture or
profession where there is the reluctance of acceptance of natural
human limitations posed by sleep deprivation. Whether there is
real resistance to sleep deprivation amongst such professional
groups or a misconception requires investigation. Exercise affects
both sleep and mood; the latter probably affects in a sex-
dependent manner. Thus, moderate exercise has been proposed
as a therapy for treating mood disorders (Lalanza et al., 2015).

Sleep and mood: a bidirectional but unequal relationship
While the cause of the relationship between sleep and mood is
not fully understood, adequate quality and quantity of sleep has
shown physiological benefits and may enhance mood (Scully,
2013). Sleep encourages insightful behaviour (Wagner et al.,
2004) and regulates mood (Vandekerckhove and Wang, 2017).
Sleeping and dreaming activate emotional and reward systems
that help process information, and consolidate memory “with
high emotional or motivational value”. Inevitably, sleep dis-
turbances can dysregulate these motivational and emotional
processes and cause predisposition to mood disorders (Per-
ogamvros et al., 2013). Sleep loss can reinforce negative emotions,
reduce positive emotions, and increase the risk for psychiatric
disorders. In children and adolescents, it can increase anger,
depression, confusion and aggression (Vandekerckhove and
Wang, 2017). Thus, sleep disorder has been associated with
depression, where the former can predict the latter (LaGrotte
et al., 2016). Sleep deprivation and daytime sleepiness amongst
adolescents and college students cause mood deficits, negatively
affect their mood and learning, and lead to poor academic per-
formance (Hershner and Chervin, 2014; Short and Louca, 2015).
Thus, disrupted sleep acts as a diagnostic factor for mood dis-
orders, including post-traumatic stress disorder, major depression
and anxiety (Walker et al., 2020).

In turn, mood affects sleep quality. Emotional events and stress
during the daytime can affect sleep physiology. Negative states
such as sadness, loneliness, and grief are related to sleep
impairments, whereas positive states like love can be associated
with lessened sleep duration but better sleep quality; the latter
needs further evidence. Although dysregulation of emotion relates
to poor sleep quality (Vandekerckhove and Wang, 2017), the
effect of mood on sleep can be modulated by our approach of
coping with our emotions (Vandekerckhove and Wang, 2017).
Therefore, this effect is significantly smaller than the reverse
(Triantafillou et al., 2019).

Summary and future direction
Sleep and mood influence cognitive functions and thereby affect
academic performance. In turn, these are influenced by a network
of regulatory factors that directly or indirectly affect learning. The
compilation of observations clearly demonstrates the complexity
and multifactorial dependence of academic achievement on stu-
dents’ lifestyle and physiology, as discussed in the form of
effectors like age, gender, diet, hydration level, obesity, sex hor-
mones, circadian rhythm, and genetics (Fig. 1).

The emerged picture brings forth two points. First, it partly
explains the ambiguous and conflicting data on the effects of sleep
and mood on academic performance. Second, these revelations
collectively question the ‘one-size fits all’ approach in implementing
education strategies. It urges to explore formulating bespoke group-
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specific or subject-specific strategies to optimise teaching–learning
approaches. Knowledge of these factors and their associations with
each other can aid in forming these groups and improving educa-
tional strategies to better support students. However, it is essential
to retain parity in education, and this would be the biggest challenge
while formulating bespoke approaches.

In the context of sleep, studies could be conducted that first
establish standardised means of measuring sleep quality and then
measure sleep quality and quantity simultaneously in individuals of
different ages groups, sex, and professions. This could then be
related to their performance in their respective fields/professions;
academic or otherwise. Such studies will help to better understand
these interrelationships and address some discrepancies in the data.

Limitations
One limitation of this review is that it addresses only academic
performance. Performance should be viewed broadly and be
inclusive of all types, for example, athletic performance, dance
performance or performance at work on a desk job that may
include creative work or financial/mathematical calculations. It
would be interesting to investigate the effect of alterations in sleep
and mood on various types of performances and those results will
be able to provide us with a much broader picture than the one
depicted here. Notably, while learning can be assessed, it is dif-
ficult to quantify emotions (Ayaz‐Alkaya, 2018; Nieh et al., 2013).
As such, it is believed that qualitative research is a better
approach for studying emotional responses than quantitative
research (Ayaz‐Alkaya, 2018).

Another point of limitation is related to the proposed models in
Figs. 2 and 3. These show hypothetical mathematical scales of
learning and emotion where emotions are placed on a scale of
learning, and learning is placed on the scale of emotions, respec-
tively. While these models certainly help to better visualise and
understand the interrelationships, these scales show only
2-dimensions. There could be a 3rd dimension, and this could be
either one of the factors or a combination of the several factors
discussed here (and beyond) that determine the effect of mood/
emotion on learning/cognition. Additionally, the depicted scales and
their interpretations may vary between individuals because the
intensity of the same emotion felt by different individuals may differ.
Figure 3 depicts emotions and learning. Based on the studies so far,
here, negative emotions have been shown to stimulate learning, but
which negative emotions these would be (for e.g., shame or anxiety),
at what intensities these would stimulate optimal learning if at all,
and how this compares with optimal learning induced by positive
emotions remains to be investigated. Therefore, the extent to which
these scales can be applied in real-life needs to be verified.
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