Coffee, caffeine, mood and emotion —an overview

The terms ‘mood’ and ‘emotion’ are often used interchangeably in colloquial
conversation. However, in scientific terms, mood and emotion have different definitions.
A mood is a relatively long-lasting affective state3?; while an emotion is of shorter
duration. It has been suggested that emotions can be defined by episodes of
synchronised change, with components such as bodily reactions (such as blushing), and
motor expressions.

In Europe, mental health and mental disorders (including depression and anxiety) pose a
significant public health challenge3*. Every year, 1 out of 15 people suffer from major
depression in Europe, and if anxiety and all forms of depression are included, nearly 4 out
of 15 people are affected®.

Evidence suggests that diet and exercise can affect neuronal development and physiology
and protect the brain from neurological illnesses or injuries3®. Of note, coffee, cocoa and

tea are being actively investigated because they are rich in polyphenolic compounds that

may have beneficial effects on mental health, including behaviour, mood, depression and
cognition®’.

Caffeine and mood

Low to moderate doses of caffeine (equivalent to that found in around 2-5 cups of coffee
per day) improve hedonic tone or the degree of pleasantness and reduce anxiety*. In
comparison, high doses can increase tense arousal, including anxiety, nervousness, and
jitteriness. A dose-related improvement in subjective measures of calmness and interest
are found after consuming caffeine, suggesting that mood improvement may depend on
baseline arousal?®. Research has suggested that a repeated intake of 75mg of caffeine
(the equivalent of approximately 1 cup of coffee) every 4 hours confirmed a pattern of
sustained improvement of mood over the day. Highly-fatigued subjects are more likely to
experience larger subjective mood changes than non- or moderately-fatigued subjects.
There are also indications of negative mood impact associated with over-arousal?®.

Studies have reviewed the impact of other intakes of caffeine: in one such study, a single
60mg caffeine dose elicited a clear enhancement of sustained attention and alertness,
contentment and mood®. A further study concluded that an intake of 100mg caffeine
significantly decreased lethargy/fatigue and increased vigor3°. The European Food Safety
Authority (EFSA) concluded that a cause and effect relationship between improved
alertness and attention and 75mg caffeine (the amount in a regular cup of coffee) had
been established?®.



Older adults seem to be more sensitive to the mood-enhancing effects of caffeine than
younger individuals*®. Mood effects are also influenced by the time of consumption, with
the most prominent effects showing in the late morning®. In fact, it has been suggested
that caffeine could potentially be used as a nutrition supplement for older adults,
enhancing mood and improving cognitive performance in their daily living tasks**.
However, further research is needed before any firm conclusions can be drawn.

Research also suggests that caffeine tends to have a more beneficial effect on habitual
consumers’ moods (compared to non-consumers), but there are greater improvements
in performance when drunk by non-consumers*?. It also seems that mood is not only
modulated by caffeine itself but also by the expectation of having consumed caffeine,
which improves mood together with attention?°.

The effect of caffeine in stimulating self-reported alertness and mood was not thought to
persist for extended periods of time, with the effects peaking during the first four hours
after ingestion. Research in office workers suggests that consuming caffeine with
ornithine (an amino acid involved in protein metabolism, found in foods such as dairy
products and meat, and which can be synthesized in the body) in the morning had a
positive effect on self-reported mood (especially reducing “feelings of fatigue”, and
increasing “willingness to work”, and “vigor”) in the late afternoon, suggesting that
ornithine potentiated the physiological action of caffeine®:.

Caffeine and mood
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Extensive research on caffeine intake has been associated with a range of reversible
physiological effects at both lower and higher levels of intake, suggesting that caffeine
intake has no significant or lasting effect on physiological health#.

Caffeine, carbohydrates and mood

Consuming nutrients and biologically-active compounds together is of interest to
researchers, as it gives a greater understanding of the impact of food and drink in the
body. The combination of caffeine and carbohydrates has been of particular interest*>4¢.

Administered in common beverages with appropriate placebo controls, one study
reviewed the impact of coffee and glucose on mood and performance both separately
and together, and concluded that neither glucose nor caffeine showed a significant effect
on cognitive performance. This was surprising in the case of caffeine, as multiple studies
suggest it improves cognitive performance (as referenced in the prior ‘Caffeine and
Mental Alertness’ subtopic). The authors acknowledged that significant confounding
factors may have interfered with the results, and that caffeine did result in increased
perceived preserved mental energy under test conditions, although further work to
consider whether these mood changes would also result in increased motivation during a
challenging task, would be advisable®.

Further research combining a moderate dose of caffeine (200mg) together with a low
carbohydrate intake (50g white bread) positively influenced mood and cognitive
performance, while carbohydrate intake alone did not“®. In this research, the key element
leading to improved mood and mental performance was the presence of caffeine.

A small pilot study reported that caffeinated coffee had a more robust positive effect on
high-level mood and attention processes than decaffeinated coffee. Interestingly, the
authors found that decaffeinated coffee could also improve mood and performance. This
suggests that substances other than caffeine, such as chlorogenic acids, may also affect
mood and performance*’. However, this effect needs to be confirmed in a larger group of
individuals.

Caffeine and effect on depression

Research suggests that caffeine may help to relieve depressive symptoms or help to
protect against depression. A 2016 meta-analysis accounting for a total of 346,913
individuals and 8,146 cases of depression suggested that coffee consumption may have a
protective effect. A dose-response analysis suggests a J-shaped curve, with the beneficial
effect reported for up to approximately 300mg caffeine (approximately 4 cups of coffee)
per day*.

A number of specific studies have investigated caffeine consumption in relation to the
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risk of depression.

e Astudy of 50,739 women (average age 63 years), part of the Nurses’ Health
Study, suggested that women who consumed 2-3 or at least 4 cups of caffeinated
coffee per day were, respectively, 15% or 20% less likely to develop depression,
compared to those who drank at most one cup of caffeinated coffee per week.
The consumption of decaffeinated coffee had no impact on depression risk. This
observational study suggests the possibility of a protective effect of caffeine on
depression risk*.

e A cohort study of Finnish men reported a 77% risk reduction for depression in
heavy coffee drinkers (those who consumed over 813mg caffeine daily). This
effect was limited to coffee and was not found with either tea or caffeine alone*°.

e A Japanese cross-sectional study reviewed the impact of consumption of both
green tea and coffee on depressive symptoms, suggesting that both green tea
(more than 4 cups per day) and coffee (more than 2 cups per day) may offer
protection against depression®?.

e Across-sectional study in 10,177 Korean individuals aged 20-97 years, who
participated in the fifth Korean National Health and Nutrition Examination Survey,
suggested that coffee consumption may have a small protective effect on the risk
of depression?.

Research on depressive symptoms in participants who received either caffeinated coffee
(150mg caffeine), or decaffeinated coffee (9mg caffeine) showed that caffeinated coffee
increased co-operative game behaviour and sadness communication, suggesting that
caffeinated coffee may improve social support and relieve depressive symptoms>3

Finally, coffee and caffeine consumption might be favoured by some specific patient
groups, including patients with bipolar disorders, who were reported to consume more
social drugs such as tobacco and coffee than the general population®*, and schizophrenic
patients>>. It has been hypothesized that patients smoke and drink coffee to reduce
medication side effects such as anhedonia (inability to feel pleasure), or to improve
cognitive symptoms linked to the treatment.

Caffeine and emotion

Caffeine reliably increases arousal, but it is currently unclear if and how it influences
other dimensions of emotion such as positive versus negative feelings.

One study evaluated emotional responses to coffee beverages to develop a lexicon to
describe the feelings that occur during coffee drinking. The results suggested that coffee
drinkers sought different emotional experiences from their drink: some preferred coffee
to elicit positive-lower energy feelings, some liked to be aroused by the positive-high
energy emotions, whilst others desired feelings of a focused mental state>®.

Research has suggested that caffeine may accentuate non-habitual caffeine consumers’



emotional responses to negative situations, but not how they choose to regulate such
responses’. Further research has considered the impact of caffeine consumption in
situations where emotions were already stimulated by watching negative film clips,
concluding that caffeine consumption produces increases in self-reported measures of
tension, anxiety and anger. This effect was altered when consumed with theanine (found
in tea) which decreased this effect of caffeine®®.

Dopamine

Dopamine is a neurotransmitter that helps to control the brain’s reward and pleasure
centres. It also helps to regulate emotional responses.

Research has suggested that dopamine may mediate some of the behavioural effects of
caffeine. After drinking a cup of coffee, caffeine is absorbed into the blood stream and
transported around the body to the brain. In the brain, adenosine acts as a central
nervous system depressant and promotes feelings of tiredness. Due to its similar
structure, caffeine may bind to the adenosine receptors, acting as an imposter and
blocking the actions of adenosine, leading to feelings of alertness®®. For further
explanation, watch this video on coffee and its effect on the brain.

Research suggests that caffeine consumption may be associated with an increase in the
availability of dopamine receptors in the brain, suggesting that caffeine may enhance
arousal in part by up-regulating dopamine receptors®®.

Conclusion

A moderate intake of caffeine has been shown to have a beneficial effect on alertness
and mood, whilst higher intakes of caffeine may increase feelings of anxiety and
jitteriness. The effect on mood is more noticeable in regular coffee drinkers, whilst
performance seems to be more improved in those who are not regular coffee drinkers.
Caffeine intake is also associated with a reduced risk of developing depressive symptoms
across different population groups.

The impact of caffeine consumption on emotions is harder to define and research in this
area is somewhat limited, however some work suggests that caffeine may stimulate
emotional responses through its interaction with dopamine.
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Caffeine and sleep

Sleep in humans can be affected by caffeine. There is an association between a daily
intake of caffeine, sleep quality, and daytime sleepiness®62.

The most-documented effects of caffeine on sleep consist principally of prolonged sleep
latency, shorter total sleep time, worsening of perceived sleep quality, increases in light
sleep and shortening of deep sleep time, as well as more frequent awakenings. Rapid Eye
Movement (REM) sleep is less affected®%2. REM sleep is a stage in the normal sleep cycle
during which dreams occur and the body undergoes marked changes, including rapid eye
movement, loss of reflexes, and increased pulse rate and brain activity.

The effects of caffeine on sleep depend not only on the amount of caffeine ingested at
bedtime, but also on the amount of caffeine ingested over the whole day.

Human sensitivity to the effects of caffeine on sleep is variable and its exact basis is still
debated. A 2016 systematic review of research on coffee, caffeine and sleep concluded
that individuals will respond differently to caffeine based on a variety of factors including
age, sensitivity levels, regular coffee and caffeine intake, time of consumption and
genetic variability®?.

Sleep cycles

Normal sleep is divided into non-rapid eye movement (NREM) and rapid eye movement
(REM) sleep. NREM sleep is further divided into three progressively deeper stages of
sleep: sleep begins in NREM and progresses through deeper NREM stages, before the
first episode of REM sleep occurs approximately 80 to 100 minutes later. Thereafter,
NREM sleep and REM sleep cycle over a period of approximately 90 minutes®3.

The effect of caffeine on sleep

It is clear that caffeine intake can affect sleep, but a large intra-individual variability in the
effects of caffeine is observed. A number of factors can affect the response to caffeine
consumption and the subsequent impact on sleep, as outlined below.

Genetic variability

Although the research in this area is limited, it is clear that there is a genetic variability in
the metabolism of caffeine, and several genes have been identified that affect an
individual’s sensitivity to caffeine.

e The plasma concentration of caffeine after the ingestion of a given amount of
caffeine may largely vary between subjects, suggesting a greater sensitivity of
slow metabolizers®.
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e Several genes have been identified that affect an individual’s sensitivity to
caffeine. In humans, the distribution of distinct genotypes of the adenosine A2A
receptor gene (ADORA2A) differs between self-rated caffeine-sensitive individuals
with reduced sleep quality, and caffeine-insensitive individuals®. Both the DARPP-
32 and PRIMA1 genes have also been implicated in caffeine sensitivity and
caffeine induced insomnia respectively®®. The same amount of caffeine can
therefore affect two otherwise similar individuals differently, depending on their
genetic make-up.

e Similarly, the probability of having a further genetic variation of the ADORA2A
genotype decreases as habitual caffeine intake increases, suggesting that persons
with this specific genotype may be less vulnerable to caffeine dependence®”’.

Age

Only a few studies have evaluated the age-related effects of caffeine on sleep, and
confounding factors are often present. Some research suggests that older adults may be
more sensitive to the effects of caffeine. However, caffeine exposure may vary as a
function of body weight. For example, older adults tend to consume the same amount of
caffeine as younger adults but typically weigh less. Older adults may also self-limit the
amount of caffeine they consume due to perceived sleep problems®?,

e Overall, caffeine produced similar effects in young adults (20-30 year-olds) and
middle-aged subjects (45-60 year-olds). Only a few EEG spectral frequency bins
were more affected by caffeine in middle-aged subjects than in young subjects®®.

e Afurther study, by the same group, investigated daytime recovery sleep in the
morning after 25 hours of wakefulness. Caffeine decreased sleep efficiency, sleep
duration, slow-wave sleep and REM sleep during daytime recovery sleep similarly
in both age groups. Middle-aged subjects showed greater decrements in sleep
duration and sleep efficiency than young subjects during daytime recovery under
placebo, compared to nocturnal sleep. Due to lower brain synchronization related
to age and caffeine, these subjects had greater difficulty in overriding the
circadian waking signal during daytime sleep and, as a result, had fragmented
sleep®.

e Astudy of 22 young adults and 24 middle-aged adults concluded that caffeine
increased sleep latency, shortened total sleep duration, and reduced sleep
efficiency. The effects were more pronounced at a higher dose in middle-aged
adults than in young adults. The higher dose of caffeine also increased absolute
stage 1 sleep in young adults, whereas it decreased absolute stage 2 sleep in
middle-aged adults. These results indicate that, compared to young adults,
middle-aged adults are generally more sensitive to the effects of a high dose of
caffeine on sleep quantity and quality°.



Habitual intake of caffeine

Research suggests that the effects of caffeine are less marked in those who regularly
drink coffee when compared to occasional coffee drinkers”?.

e Results from a research survey published in 2015 concluded that sleep quality
was poorer in those who perceived themselves to be dependent upon caffeine,
particularly amongst females. Caffeine dependence was associated with poorer
sleep quality, increased daytime dysfunction, and increased levels of night-time
disturbance’?.

Time of consumption

Caffeine consumed closer to sleep time has the greatest potential for sleep disruption,
although there are only limited studies assessing the timing of caffeine administration.
e A 2013 study assessed the impact of caffeine consumption on sleep at different
periods before sleep, suggesting that caffeine consumed up to 6 hours
beforehand may reduce total nightly sleep and reduce sleep quality”>.

The effects of caffeine abstinence

A 2008 systematic review, including randomized trials, suggests that caffeine abstinence
for a whole day could improve sleep quality and could be recommended by health
practitioners when giving sleep hygiene advice’. The authors concluded that caffeine
abstinence significantly lengthened sleep duration and improved sleep quality.
Furthermore, subjects had less difficulty falling asleep on days when they drank
decaffeinated coffee. However, people’s sensitivity to caffeine varies and individuals may
or may not find that caffeine affects their sleep®.

The effect of caffeine on sleep in young people

Caffeine helps restore better levels of wakefulness and counteracts degraded cognitive
task performance due to sleep deprivation. However, caffeine may produce detrimental
effects on subsequent sleep, resulting in daytime sleepiness, which may be a matter of
concern, especially in adolescents’. Many adolescents use multiple forms of technology
late into the night and concurrently consume caffeinated beverages to stay alert.

e Astudy looking at the effects of caffeine and technology on sleep duration and
daytime functioning in young people showed that sleep was significantly related
to the multi-tasking index’®. Teenagers who scored 1.5-2 fold higher on multi-
tasking indices slept less than 8-10 hours on school nights. Among the 33% of
teenagers who fell asleep during school, caffeine consumption tended to be 76%
higher than in those not falling asleep. The study suggests that, as a consequence,
these teenagers were not fully functional throughout the day due to excessive



daytime sleepiness, rather than because of the daytime effects of caffeine.

e Likewise, in a survey looking at adolescent caffeine use, it appeared that 95%
used caffeinated drinks, primarily soft drinks or soda, but also coffee. In contrast
with high soda users, mixed users who drank more coffee expected more energy
enhancement from caffeine, and they were more likely to get up early and report
more daytime sleepiness, which led to the use of caffeine to ‘get through the
day’”’.

e Astudy of a group of students during an exam period suggested that sleep quality
and alcohol consumption significantly decreased, while perceived stress and
caffeine consumption significantly increased. However, despite the fact that
students shortened their time in bed and showed symptoms of insomnia, the
authors concluded that sex, age, health status, as well as the amounts of alcohol
and caffeine consumed had no significant influence on overall sleep quality’®.

Caffeine, jet lag, and shift work

Jet lag and shift work sleep disorder can result in sleepiness and increase the risk of
injury. Shift work sleep disorder is a circadian rhythm sleep disorder characterized by
insomnia and excessive sleepiness, affecting people whose work hours are scheduled
during the typical sleep period.

According to the results of a systematic review, caffeine may be effective at improving
performance in people who work shifts, or in those who are suffering from jet lag”.
However, there is no data for subjects over the age of 40, who represent a population
more likely to be affected. This research gap limits the conclusions that can be drawn and
calls for more studies in this field.

Research in shift workers

e One intervention study has assessed counter measures for sleep-wake problems
associated with night work, and suggested that a combination of napping and
ingestion of caffeine was best for improving alertness. A decrease in subjective
sleepiness was also observed in individuals working a night shift following caffeine
consumption®,

e Further work on the effect of caffeine consumption during night shifts suggests
that caffeine increases alertness and clear-headedness after a period of
wakefulness, but can also disturb subsequent daytime recovery sleep. Caffeine
intake is associated with a higher core body temperature and this in turn is
associated with a longer latency to sleep. Furthermore, sleep disturbances
associated with caffeine consumed near the circadian trough of alertness are
likely to still be present when daytime recovery sleep occurs around 5 hours later,
potentially causing disturbed sleep®!.



Caffeine and jet lag

Jet lag is often experienced after a long haul flight across different time zones and can
cause extreme sleepiness or wakefulness at inappropriate hours. To counter jet lag, it
helps to adjust to the new time zone quickly, sleeping, waking and eating at times
appropriate to that area. Coffee consumption is associated with increased alertness and
may help to manage feelings of sleepiness in those who experience jet lag.

A review of the research suggests that caffeine may be effective at improving
performance in those who are suffering from jet lag®. However, for those taking short
stopovers of 1-2 days in a different time zone, adapting to the local clock may not the
best strategy. Sensible naps, combined with a moderate intake of caffeine during times of
appropriate wakefulness and short-term use of sleeping aids, appear to be the most
effective ways to maintain alertness and sleep in these situations®?.

Caffeine and dependence

Brain mapping technology

The issue of possible dependence on caffeine has been debated for many years. In
humans, the widely recognized behavioral stimulant, and mildly reinforcing, properties of
caffeine are likely to be responsible for the maintenance of caffeine consumption®:.
People may also drink coffee from habit: the possible reinforcing effects of coffee may
not be due to the caffeine per se, but linked to the pleasurable aroma and taste of
coffee, as well as the social environment that usually accompanies coffee consumption®.

Learn more about caffeine’s effect on the brain by watching a video here.

Drugs of abuse such as cocaine, morphine and nicotine specifically activate the
dopaminergic mesolimbic brain circuit of dependence and reward at low doses.

e Pre-clinical studies have reported that caffeine given to rats, in doses
corresponding to human consumption levels (1-5mg/kg body weight, i.e. 1-5 large
cups of coffee in one sitting), fails to increase energy metabolism® and dopamine
release®®®’in this circuit.

This research has also been extended to humans.

e Subjects in one study received 3 mg/kg body weight of caffeine, or the equivalent
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of about 2 large cups of coffee. Cerebral blood flow measurements showed that,
as in rats, caffeine did not activate the brain circuit of dependence in humans, but
activated regions involved in attention, vigilance and anxiety (the internal parietal
zone), as well as regions controlling vegetative functions (the hypothalamus and
anterior insular cortex)®®.

These results represent the first ‘brain mapping” approach to the study of dependence in
humans, and confirm the pre-clinical data reporting no involvement of the circuit of
dependence in the physiological effects of caffeine®®®’. In other words, based on brain
mapping technology, caffeine does not fulfil the criteria to be described as a drug of
dependence.

Withdrawal

Among the symptoms linked to drug dependence is withdrawal. In 2013, the American
Psychiatric Association released an updated edition of its Diagnostic and Statistical
Manual of Mental Disorders, the DSM-5, which provides standardized criteria for the
classification of mental disorders. For the first time since its launch in 1952 it addresses
‘caffeine withdrawal’. In the manual, caffeine withdrawal is defined as a syndrome
resulting from abrupt cessation or reduction in caffeine, following prolonged daily use®.

Only a subset of the population of coffee/caffeine consumers suffer withdrawal
symptoms (headache, reduced alertness, and drowsiness). These symptoms generally
begin about 12-24 hours after sudden cessation of caffeine consumption and reach a
peak after 20-48 hours. Importantly, these symptoms can be avoided altogether if
caffeine intake is decreased progressively®?.

e Astudy measuring cerebral blood velocity, after the exposure of subjects to either
400mg caffeine or placebo for two weeks, reported that acute caffeine
abstinence produced significant increases in blood flow velocity that, consistent
with earlier studies, highlight the link between vascular changes and the caffeine
withdrawal symptoms of headache, increased drowsiness and decreased
alertness®.

e Likewise, the ingestion of 250mg caffeine, by caffeine consumers (mean intake of
375mg caffeine per day), after 30 hours of abstinence, had a greater effect than
placebo on mood and choice reaction time (i.e. the reaction time for a task in
which an individual has to make one of two or more choices). Caffeine also
improved selective attention and memory in both those who had abstained from
caffeine and those who had maintained their habitual intake levels, suggesting no
evidence of withdrawal on these markers of mental performance®?.

e A 2012 review on the role of caffeine as a performance enhancer also concluded
that caffeine’s beneficial effects on both simple and complex attention tasks
could not be attributed to withdrawal reversal®.
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Another study, using quantitative perfusion magnetic resonance imaging, reported that
cerebral blood flow increased during the abstinence period and reduced after caffeine
ingestion, in both those who abstained or did not abstain from caffeine before the test.
This study also showed that in high consumers (950mg/day), the cerebrovascular
adenosine system has a limited capacity to compensate for the high amount of daily
caffeine used. However, this study is limited by several factors, including the arbitrary
classification of daily caffeine intake and possible under-reporting of withdrawal
symptoms®?.

Conclusions

The well-established beneficial effect of caffeinated coffee on mental performance has
been confirmed by EFSA, which states that a cause and effect relationship has been
established between a 75mg serving of caffeine — the amount found in approximately
one regular cup of coffee —and both increased attention (concentration) and alertness,
mainly in situations of low arousal.

e Caffeine may also improve safety and performance during work at night and night
driving.
e Positive effects on mood and reaction time have also been documented.

There is an association between the daily intake of caffeine, sleep problems and daytime
sleepiness; however, these effects depend on the amount of caffeine ingested over the
whole day and also vary with the genetic background of individuals. Those individuals
who do experience sleep problems following consumption of caffeinated coffee may
choose, or be advised, to switch to decaffeinated products in the afternoon/evening.

In addition, brain mapping technology suggests that the physiological effects of caffeine
do not lead to either dependence. Whilst some individuals may experience caffeine
withdrawal, these symptoms are short-lived and can be avoided altogether if caffeine
intake is decreased progressively.
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