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Abstract
Background: The increased availability of caffeinated drinks raises questions
about the level of caffeine that is appropriate for children, as well as the
benefits and risks associated with their consumption.
Methods: Using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines, this systematic review evaluates evidence from
randomised controlled trials investigating the effects of caffeine on cognition, behaviour, mood and exercise performance in children. Observational
studies and expert panel guidelines are also discussed.
Results: One hundred and nine studies were found, with 11 randomised
controlled trials and 13 observational studies meeting the criteria. High caffeine intakes (e.g. >5 mg kg–1 body weight day–1) were associated with an
increased risk of anxiety and withdrawal symptoms. However, smaller
amounts were not linked with such effects and may benefit cognitive function and sports performance based on adult studies. The evidence suggests
that children and adolescents should limit daily caffeine consumption to
2.5 mg kg–1 body weight day–1, equating to one or two cups of tea or one
small cup of coffee. Lower contributors of caffeine, such as tea, may be
more appropriate for children because they contribute to daily fluid intakes
and provide flavonoids. By contrast, caffeinated soft drinks may be less suitable options for children as a result of their acidity, higher caffeine content,
presence of added sugar (in some cases) and absence of bioactive
compounds.
Conclusions: More studies are needed to determine the intakes that represent a risk and whether there may be benefits for alertness and sports
performance with moderate intakes of caffeine.

Introduction
Caffeine (1,3,7-trimethylxanthine) is the most commonly
used and socially acceptable psychoactive substance in the
world and is consumed by all generations (Temple,
2009). However, its widespread availability in beverages
has led to concerns about whether caffeine should be
consumed by children and, if so, ‘how much’ is safe
(Wierzejska, 2012). Blood caffeine levels generally peak
approximately 30–120 min after oral ingestion, with a
typical half-life of 3–6 h (Mort & Kruse, 2008), although
genetic polymorphisms, amongst other factors, cause a
ª 2013 The British Dietetic Association Ltd.

wide variation in the individual responses to caffeine consumption (Yang et al., 2010). Once absorbed, caffeine has
broad effects on a variety of organs, including the brain,
and its well-known impact on alertness may be attributed
to the action of methylxanthine on serotonin neurones
(Nehlig et al., 1992). Caffeine exerts most of its biological
effects by binding to all types of adenosine receptors,
leading to modulation of brain functions relating to cognition, sleep, learning and memory (Ribeiro & Sebasti~ao,
2010). The reported benefits of moderate caffeine consumption (e.g. 38–400 mg day–1) in adults include
improvements in physical endurance, cognitive function,
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including alertness and vigilance, and reduced perception
of fatigue (Ruxton, 2008; Heckman et al., 2010), although
the effects of caffeine on the physiology and behaviour of
children is not well understood (Temple, 2009).
Caffeine is found naturally in coffee beans, cacao beans,
kola nuts, guarana berries and tea leaves, although coffee
and tea are the primary sources (Heckman et al., 2010).
An American survey of participants aged 2–54 years
showed that caffeine consumption increased with age,
with the major sources of caffeine being coffee (71%),
soft drinks (16%) and tea (12%). Although coffee was the
main source of caffeine in adult diets, in children and
teenagers, the main source was soft drinks (Frary et al.,
2005). Caffeine is also added to sports and energy drinks
and there have been increasing concerns relating to their
inappropriate use by children and the likely impact on
energy intakes and weight gain (Committee on Nutrition
& the Council on Sports Medicine & Fitness, 2011). A
European survey of 37 500 children and adolescents,
found that 18% children (aged 3–10 years) and 68% of
adolescents (10–18 years) had consumed energy drinks
(Zucconi et al., 2013). Average intakes of caffeine were
23 mg day 1 [1.1 mg kg 1 body weight (BW)] in children and 149 mg day 1 in adolescents (2.4 mg kg 1
BW). Data specifically for UK adolescents (n = 834)
showed a higher caffeine consumption of 190 mg day 1
(3.2 mg kg 1 BW) (Zucconi et al., 2013). Table 1 presents the average caffeine levels found in standard portions of a variety of beverages. However, when
interpreting the data, it should be considered that the caffeine content may vary considerably depending on brand,
batch and mode of preparation. For example, an analysis
of 20 commercial espresso coffees found that caffeine levels varied six-fold (Crozier et al., 2012).
Broader health implications
It is recognised that the indirect effects of caffeine on mood
and concentration contribute to its cognitive-enhancing
properties, although it cannot be regarded as a ‘pure’ cognitive enhancer (Nehlig, 2010). Caffeine has been found to
have ergogenic properties when ingested in low-to-moderate doses (3–6 mg kg–1 BW), whereas further improvements in performance have not been observed beyond
doses of ≥9 mg kg–1 BW (Goldstein et al., 2010). In terms
of broader health effects, caffeine has been found to
increase energy availability and energy expenditure, reduce
fatigue and the sense of effort associated with physical
activities, enhance motor performance, and increase the
speed and accuracy of reactions (Glade, 2010).
When consumed in moderation, caffeine can have positive effects on behaviour, although, in sensitive individuals, excessive intakes (defined in this instance as ‘beyond
2
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Table 1 Caffeine content of commonly consumed beverages with
key health-related issues

Average
caffeine
content
(mg per serving)

Beverage (serving size)
Average cup of tea* (190 mL)
Average cup of
brewed coffee* (190 mL)
Average cup of
instant coffee* (190 mL)
Chocolate milk† (230 mL)
Energy drinks†
Small can (250 mL)
Large can‡ (500 mL)
Espresso coffee§ (single shot)
Filter/ground coffee† (190 mL)
Hot chocolate/cocoa† (150 mL)
Latte/Americano/Cappuccino†
(350 mL)
Regular cola drink* (330 mL can)
Shot energy drinks† (60 mL)

Range of
caffeine
content
(mg per serving)
where data
are available

50
100

1–90
–

75

21–120

5
80

–
27–87

150
75
105
–
150

60–170
50–322
15–254
1–6
–

40
80

30–60
80–175

*Data from Food Standards Agency (2004).
Data extracted from key market brands.
‡
Zucconi et al. (2013).
§
Crozier et al. (2012).
SSB, sugar-sweetened beverages.
The wide variation in the caffeine content of tea and coffee can be
explained by differences in the blend and brewing times.
†

regular use’) may have health implications (Smith, 2002).
For example, caffeine use has been linked with headaches
when individuals have high intakes and repetitive exposures, leading to withdrawal headaches and dependency
(Shapiro, 2008). In animal studies, caffeine appears to
stimulate detrusor overactivity (muscles responsible for
bladder control), leading to increased frequency of urine
output (Kershen et al., 2012), although findings from
human studies have been conflicting. One intervention in
patients with an overactive bladder reported early urgency
and frequency of urination after caffeine intakes of
4.5 mg kg–1 BW (Lohsiriwat et al., 2011) but another
study in women with detrusor overactivity found no
effect of caffeine restriction on voiding frequency, urgency
and wetting (Swithinbank et al., 2005). Further human
trials are needed to investigate this further.
Caffeinated drinks have been linked to a risk of ‘dehydration’ in the popular press, although the evidence to
support this view has arisen from interventions using caffeine pills providing doses far in excess of those typically
consumed from caffeinated beverages [Food Standards
Agency (FSA), 2004]. A randomised, controlled cross-over
trial assessed hydration status in 21 healthy males after
ª 2013 The British Dietetic Association Ltd.
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the consumption of four or six servings of tea (240 mL),
providing 168 mg or 252 mg caffeine, respectively,
compared with a boiled water control. Markers of normal
hydration were compared, including blood osmolality,
blood/urine electrolytes and urine volume, with no significant differences reported between treatment groups
(Ruxton & Hart, 2011). Similar findings have been
reported in other studies of caffeinated beverages (Grandjean et al., 2000; Fiala et al., 2004). In addition, a review
of 41 randomised controlled trials (RCTs) demonstrated
that most studies reported physical benefits when caffeine
was ingested in moderation (37.5–450 mg day–1), whereas
intakes of up to 400 mg day–1 were not found to lead to
adverse effects (Ruxton, 2008). Overall, it was concluded
that 38–400 mg of caffeine, equivalent to 1–8 cups of tea
or 0.3–4 cups of brewed coffee per day, appeared to maximise mental alertness and sports performance at the
same time as minimising health risks (Ruxton, 2008).
Fewer studies of this type have been carried out on children and adolescents, resulting in poor knowledge about
the effects of caffeine use on their behaviour and physiology (Temple, 2009). Caffeine is now increasingly available
in commercial soft drinks designed for young people, with
some caffeine-containing beverages being marketed to
children as young as four years (Temple, 2009). In particular, there are growing concerns about rising rates of
energy drink consumption amongst young people, with
over 200 brands being available in more than 140 countries. Approximately 30% of adolescents report regular use
(Oddy & O’Sullivan, 2010), whereas 12% can be classed as
‘high chronic’ users (Zucconi et al., 2013). Unrestricted
availability in retail outlets makes these types of drinks
easily accessible to younger children (Cichocki, 2012).
Energy drinks, when consumed in excess, may increase
the risk of caffeine toxicity (Wolk et al., 2012), with the risk
of symptoms being exacerbated when caffeine-containing
medications or preparations are taken alongside (Rath,
2012). This is especially applicable to children and adolescents who are not habitual caffeine users and have failed to
develop a pharmacological tolerance (Reissig et al., 2009).
Given the emerging concerns about caffeine ingestion in
younger populations, this review aims to collate and evaluate evidence from RCTs investigating the effects of caffeine
consumption on cognition, exercise performance and
markers of normal hydration in children. Evidence from
observational studies is also described, along with caffeine
guidelines from expert bodies.
Materials and methods
A systematic literature review was conducted, according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines (2013), which were used to
ª 2013 The British Dietetic Association Ltd.
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select studies and provide guidance on the weight placed
on studies, i.e. RCTs (Tables 2 and 3) were given more
weight than observational studies (Table 4).
The following search strategy was used: MEDLINE
database (PubMed) was searched for English language,
peer reviewed human studies published between May
1983 and 2013 (Fig. 1), with the last check run on the 9
May 2013. The search was limited to studies looking at
preschool children (2–5 years), children (6–12 years) and
adolescents (13–18 years) using the database filter. The
keyword search terms included: ‘caffeine/caffeinated’ in
combination with ‘cognition/cognitive function’, ‘behaviour’, ‘mood’ and ‘exercise’ ‘performance’ or ‘hydration’.
The following characteristics and inclusion criteria were
used: (i) studies on preschoolers/children/teenagers;
(ii) the caffeine intake/dose was reported; (iii) papers
were randomised trials or observational studies; (iv) the
study was not a combined multi-intervention; (v) access
to the full text paper was available, either through PubMed or by contacting the author(s); and (vi) studies were
corrected for alcohol intake where appropriate. The reference lists of scientific papers and reports were also hand
searched to identify relevant papers. For the identification
of studies, the search protocol included the stages: screening of identified papers; examination of the full text of
potentially relevant studies; and application of the inclusion criteria to select the included studies. All reports
were assessed by two reviewers for suitability.
In addition, a general Internet search was carried out
using the key terms ‘caffeine’ combined with ‘guidelines’,
‘recommended intakes/levels’ and ‘regulations’ to locate
recommendations regarding caffeine intake in children
published by major international bodies and organisations
dealing with nutrition in children.
Results
Cognition, behaviour and mood
There is a large literature base on the cognitive/behavioural effects of caffeine on adults but less is known about
the impact on younger people (Temple, 2009). Six RCTs
were found that investigated the effects of caffeine on
cognition, behaviour and mood (Table 2). Studies varied
in terms of their design, the range of cognitive measures
and the dose of caffeine used. In one randomised crossover study, children with attention deficit hyperactivity
disorder were provided with either two gelatine capsules,
containing 80 mg of caffeine or a placebo, and their skin
conductance levels (SCL; a marker of arousal) and behaviour were monitored. Although caffeine increased arousal
in the present study, as indicated by a rise in SCL, the
effect was nonsignificant. Further work using a larger
sample size and different doses of caffeine is needed,
3

4
Double-blind,
placebo-controlled study

Single-blind, within-subjects,
repeated-measures study

Double-blind, randomised,
placebo-controlled
cross-over design

Reversal design, counter
balanced for order of
conditions
Double-blind,
placebo-controlled,
study using a
cross-over design

Children (n = 26) 9–11 years
Habitual caffeine consumers
(mean caffeine intake =
109 mg day 1) and
non/low-consumers
(12 mg day 1)

School-age children (n = 30)

Prepubertal children (n = 21)

Preschool children (n = 6)

Heatherley
et al.
(2006)

Bernstein
et al.
(1998)

Bernstein
et al.
(1994)

Baer (1987)

ADHD, attention deficit hyperactivity disorder; SCL, skin conductance level.

Grade school children mean,
10.3 years [n = 19 high
caffeine consumers
(>500 mg day 1) + n = 19
low consumers]

Randomised double-blind
placebo-controlled
repeated-measures
cross-over study

Children (n = 18) with
ADHD, 8–13 years

Barry et al.
(2012)

Rapoport
et al.
(1984)

Study design

Subjects

Study

5 mg kg 1 of caffeine twice a
day or placebo for 2 weeks each

Baseline, caffeinated and
noncaffeinated beverages

Four sessions, 1 week apart, under
four conditions: baseline; caffeine
(approximately 120–145 mg day 1);
during withdrawal (24 h after
discontinuation of caffeine taken
for 13 consecutive days); at
return to baseline
Four sessions, 1 week apart,
under four conditions: baseline,
placebo, 2.5 mg kg 1 caffeine
and 5.0 mg kg 1 caffeine

Baseline, 50 mg of
caffeine or placebo

Single oral dose of caffeine.
Two sessions 1 week apart

Caffeine intervention and dose

Table 2 Caffeine and children: randomised controlled trials: cognition, behaviour and mood

Direct observation of classroom
behaviour including movement,
sustained attention and memory
Anxiety questionnaire, autonomic
arousal assessed by skin
conductance, parental behaviour
observations

Learning and performance,
including measures of attention,
manual dexterity, short-term
memory and processing speed.
Anxiety rating scales

Self-report measures of symptoms
and objective measures of
attention, motor performance,
processing speed and memory

Cognitive performance (number
search task). Self-rated mood
and physical symptoms,
including alertness and
headache

SCL

Outcome measures

Caffeine improved
performance on two out of
four attention measures.
Children reported feeling
significantly less sluggish
after caffeine versus
placebo ingestion
Caffeine exerted small,
inconsistent effects on
classroom behaviour
High consumers receiving
placebo had ↑ anxiety
scores and lower autonomic
arousal. Low consumers
receiving caffeine perceived
by parents as more
emotional, inattentive and
restless. No such change in
high consumers receiving
caffeine

Caffeine ↑ SCL, but no
difference between groups.
Caffeine-induced arousal
↑ in the ADHD group and
was positively associated
with hyperactivity/impulsivity
levels
Few benefits from the
caffeine, although among
caffeine drinkers, caffeine
prevented an increase in
headache that followed
after placebo and ↑
alertness relative to the
placebo
During caffeine withdrawal,
significant deterioration in
response time to a visual
test of attention

Main findings
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Randomised doubleblind, double crossover, counterbalanced study

Randomised, doubleblind, counterbalanced
study

Randomised, double
blind, double crossover study

Boys (n = 24),
8–10 years

Children
(n = 40)

Boys (n = 26),
Men (n = 26)

Children,
7–9 years
(n = 52)

Boys mean
age 9.8 years
(n = 19)

Turley et al.
(2012)

Turley et al.
(2008)

Turley et al. (2007)

Turley & Gerst
(2006)

Rapoport et al.
(1981)

HR, VO2, RER and BP
at baseline and
during exercise

PL, 1 mg kg 1 (CAF-1),
3 mg kg 1 (CAF-3), or
5 mg kg 1 (CAF-5) given
60 min prior to cycle
ergometer exercise at 25W
and 60% VO2 peak
CAF (5 mg kg 1) or PL
twice each on four separate
days prior to cycle
ergometer test at 25W
and 50W
PL or CAF (5 mg kg 1) CAF
twice each on four
separate days prior to cycle
ergometer test at 25W and
50W
CAF (5 mg kg 1) or PL twice
a day for a 2-week period
Behaviour and
autonomic reactivity

HR, VO2, RER and BP
at baseline and
during exercise

HR, VO2 and BP at
baseline and during
exercise

Static hand-grip test
Wingate test

Outcome measures

CAF (5 mg kg 1) or PL twice
each on four separate visits

Caffeine intervention and dose

BP, blood pressure; CAF, caffeinated; HR, heart rate; PL, placebo; RER, respiratory exchange ratio; VO2 peak, maximal oxygen consumption.

Double-blind crossover study

Randomised, doubleblind, double crossover study

Study design

Subjects

Study

Table 3 Caffeine and children: randomised controlled trials: physiology and performance

Hand-grip reliability higher for CAF than
PL. Mean power (180  36 versus
173  28 W) significantly higher
(P < 0.05) in CAF versus PL group. Peak
HR significantly higher in CAF versus PL
group
No doses of caffeine had any effect on
substrate use as reflected by RER.
Caffeine intake ↑ BP and ↓ HR at
baseline. There was a slight ↓ in HR with
CAF-3 and CAF-5 versus PL during
exercise
BP not significantly affected by CAF. HR
significantly (P < 0.05) lower at rest, 25W
and 50W in CAF versus PL. During
exercise, VO2 and RER not different in
CAF versus PL
No impact on metabolism (VO2 or RER) in
young children at low-moderate
intensities of exercise. CAF caused
significantly lower HR and higher BP at
rest and during exercise
Caffeine ↑ autonomic reactivity of low
users only. Behavioural and autonomic
results ambiguous for high users
indicating possible caffeine withdrawal
symptoms

Main findings
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Adolescents aged
15–16 years (n = 3747)

Children aged 6–10 years
(n = 625)

Adolescents

Children and adolescents
aged 9–12 years with
depressive symptoms
(n = 51) and
nondepressed controls
Adolescents aged
10–17 years (n = 319)

Parents of young children
aged 5–12 years
(n = 228)

Middle and high school
subjects aged
12–18 years

Adolescents aged
12–17 years

Kristjansson et al.
(2013), USA

Calamaro et al.
(2012), USA

Gunja & Brown
(2012), Australia

Benko et al.
(2011), Brazil

Warzak et al.
(2011), USA

Calamaro et al.
(2009) USA

Temple et al.
(2009) USA

Drescher et al.
(2011), USA

Subjects

Study (Country)

Table 4 Caffeine and children: observational studies

Double-blind, placebo controlled
cross-over study

Observational study

Observational study

Cross-sectional study
of a community based cohort

Observational cross-sectional

Retrospective observational
study

Survey 10th graders enrolled in
the Icelandic national education
system
Survey using data from the
NationalSleep Foundation’s
Sleep in America Poll

Study design

Operant responding to
beverages. Behavioural
checklist, a beverage-liking
questionnaire and 24-h
dietary recall

Caffeine intake, use of night
time media-related technology
and sleep behaviours

Habitual caffeine intake from
drinks. Hours slept. Frequency
of bed wetting

Electronic screen time, dietary
and caffeine intake, parentreported TST and BMI

Psychopathological symptoms
assessed with the CDI

Energy drink exposures and
symptoms
Median energy drinks consumed
in one session = 5 units

Caffeine use and self-reported
violent behaviours and conduct
disorders
Caffeine intake, technology use,
BMI and sleep duration

Outcome measures

TST inversely associated with BMI, electronic screen time
and caffeine use, but findings differentially related to
age. Caffeine consumption associated with ↓ TST in older
adolescents. ↓ TST and ↑ caffeine intake and screen time
may result in ↑ obesity risk in the adolescent population
Mean intakes of caffeine from beverages were 52 mg day–1
for children aged 5–7 years and 109 mg day 1 for
those aged 8–12 years. Caffeine consumption and hours
slept significantly negatively correlated
Adolescents used technology late into the night and
concurrently consumed caffeinated beverages. Caffeine
consumption 76% higher by those who fell asleep during
school
Males found caffeinated soda significantly more
reinforcing than females after exposure period

Findings show links between caffeine consumption and
violent behaviours/conduct disorders. Association
significantly stronger for girls than boys
30% consumed a daily caffeinated beverage. Children
who drank caffeinated beverages had 15 fewer minutes
of sleep/night than nonconsumers (P = 0.002). Not
controlled for confounders
87% experienced symptoms – most
common = palpitations, agitation, tremor, gastrointestinal
upset. 21 subjects had signs of cardiac or neurological
toxicity. However, alcohol commonly consumed alongside
energy drinks
Depressed children (≥1.5 on CDI scale) consumed
significantly more caffeinated drinks than nondepressed
children

Main findings
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White and African
American adolescents
(n = 159) in three
categories of caffeine
intake
n = 191

Savoca et al.
(2004) USA

Survey

Observational study

Survey of 7th, 8th
and 9th graders

Observational study

Survey, children enrolled
in the DONALD study

Study design

BMI, body mass index; CDI, Children’s Depression Inventory; TST, total sleep time.

Bernstein et al.
(2002), USA

Hering-Hanit &
Gadoth (2003)
Israel

Children/adolescents
aged 9.2 years
(n = 36)
Heavy cola consumers
(>1.5 L day 1;
193 mg day 1
caffeine) with daily or
chronic headache
Teenagers consuming
caffeine daily (n = 36)

Children and adolescents
(n = 228)

Libuda et al.
(2008) Germany

Pollak & Bright
(2003) UDA

Subjects

Study (Country)

Table 4 (Continued)

Modified Diagnostic Interview
Schedule for Children (DISC-IV)
to assess caffeine dependence
based on substance
dependence criteria

Frequency of headache assessed
in clinic by clinicians
following gradual withdrawal
from consumption

2-week diary of sleep
and caffeine intake

3-day weighed diet records.
Bone modelling and
remodelling assessed by
peripheral quantitative
computed tomography
Blood pressure

Outcome measures

42% reported tolerance to caffeine, 78% had withdrawal
symptoms, 39% reported desire or unsuccessful attempts
to control use, 17% endorsed use. No difference in
amount of caffeine consumed daily by dependent versus
nondependent teenagers

Mean use ranged up to 379.4 mg day 1 and averaged
62.7 mg day 1. Higher caffeine intake associated with
shorter nocturnal sleep duration, ↑ wake time after sleep
onset and ↑ daytime sleep. Caffeine (soda) consumption
↑ on weekends for social reasons
Gradual caffeine withdrawal from cola drinks led to
cessation of headaches in 33 subjects

Long-term consumption of all soft drinks/uncaffeinated
soft drinks negatively associated with bone mineral
content (P < 0.05), cortical area (P < 0.05) and polar
strength strain index (P < 0.05), all of which reflect a
combination of bone modelling and remodelling
African Americans consuming >100 mg day 1 caffeine
had higher systolic blood pressure than groups
consuming <100 mg day 1

Main findings
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although mild stimulants such as caffeine may help to
elevate arousal levels towards normal values in this population group (Barry et al., 2012).
Other studies have looked at the effects of caffeine on
learning and measures of school performance. One trial
randomised habitual and non/low caffeine consumers
(n = 26) to ingest a 125-mL fruit juice drink containing
either 50 mg of caffeine or no caffeine. Accuracy of cognitive tests (a number search task; a marker of school
performance) improved in the caffeine versus the placebo
group amongst caffeine consumers (P < 0.05) but not in
the non/low-consumers (P > 0.1), whereas more headaches were reported after the placebo (Heatherley et al.,
2006).
In a randomised cross-over study, 21 children took
part in a baseline study and then received 2.5 mg kg–1,
5.0 mg kg–1 caffeine or a placebo. Attention, dexterity
and memory tests showed that caffeine improved performance on attention and motor task tests but led to
some feelings of anxiety, although children felt less sluggish (Bernstein et al., 1994). Another study, providing
children (n = 30) with up to 145 mg caffeine day–1 for
13 days, showed that discontinuation of caffeine led to
significant reductions in reaction times for tasks that
required sustained attention (Bernstein et al., 1998).
Behavioural effects were also seen in a cross-over trial of
children (mean age 10.3 years; n = 38) where ‘high caffeine consumers’ (500 mg day–1 or more) and ‘low consumers’ received 5 mg kg–1 BW caffeine twice a day or
placebo for 2 weeks. When not receiving caffeine, high
consumers had higher anxiety scores and reduced autonomic arousal, whereas low consumers receiving the caffeine were perceived by their parents as being more
emotional, inattentive and restless, although high consumers were not rated as changed (Rapoport et al.,
1984).
Only one small study investigated the behavioural
effects of caffeine ingestion on preschool children. In a
2-week cross-over study, 5-year old children (n = 6) took
part in a baseline study (no drinks served) and then
received a 200-mL serving of caffeinated, sugar-free cola
providing 1.6–2.5 mg kg–1 BW caffeine, or a similar
amount of a caffeine-free version. Results showed that
that caffeine had small but inconsistent effects on
reported classroom behaviour, defined as any behaviour
that breached classroom rules, although the small sample
size may have been a factor in this (Baer, 1987).
These studies suggest that caffeine habituation, dose, level
of exposure and degree of withdrawal may influence how
children respond to caffeine. Clearly, more well-designed
studies are needed using the same randomised approach but
larger sample sizes. There is also a need to study the effects of
caffeine on children’s behaviour from beverages as opposed
8

C. H. S. Ruxton

to caffeine capsules, which create an artificial situation in
terms of the speed of caffeine consumption, the amount consumed and associated fluid intake.
Exercise performance and hydration
Five studies investigated the effects of caffeine consumption on markers of exercise performance in children
(Table 3), although no studies considered outcomes relating to hydration. Most studies looked at markers of exercise performance after participants were given a caffeine
intervention. In one RCT, Turley et al. (2012) found that
moderately high doses of caffeine (5 mg kg–1 BW) significantly increased the average power of 8–10-year-old boys
(n = 24) during the Wingate test compared with a placebo (P < 0.05). A larger randomised study (n = 40)
found that low and moderate doses of caffeine (1.3 or
5 mg kg–1 BW) did not have any significant effects on
the utilisation of substrates measured using the respiratory exchange ratio (Turley et al., 2008).
Another randomised trial (n = 52) tested whether sex
differences affect caffeine response by allocating girls or
boys (7–9 years) to receive a drink containing 5 mg kg–1
BW caffeine, or a placebo, on four different days, followed by ergometer cycling. This showed that moderate
doses of caffeine did not affect metabolism, using similar
measurements to Turley et al. (2008), although caffeine
significantly lowered heart rate and raised blood pressure
in both boys and girls (Turley & Gerst, 2006).
Other work has compared the effects of caffeine on
physiological responses in men versus boys. Both groups
were given a caffeinated (5 mg kg–1 BW) or placebo
drink twice on four separate days followed by a cycling
test on an ergometer at 25 and 50 W. Caffeine metabolism was similar when the two age groups were compared
(i.e. no effects on respiratory exchange ratio; the ratio
between the amount of carbon dioxide produced and
oxygen consumed in one breath or levels of maximal oxygen consumption). Heart rate was significantly lower
(P < 0.05) in children taking caffeine versus the placebo,
although no such affects were seen in adults, which may
relate to the greater likelihood of habitual use (Turley
et al., 2007). An earlier study by Rapoport et al. (1981)
compared the cognitive and behavioural effects of single
doses of caffeine (3 or 10 mg kg–1 BW) in prepubertal
boys and college aged males (n = 19). Although the children showed signs of increased motor activity, speech rate
and decreased reaction time after caffeine, the adults generally reported more side effects, especially amongst those
with a low habitual caffeine intake.
On the whole, the findings from these studies are
mixed. Physiological responses to caffeine ingestion in
relation to exercise performance do not appear to vary
ª 2013 The British Dietetic Association Ltd.
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between sexes (Turley et al., 2007), or by age (Turley
et al., 2007). Further performance studies are needed,
particularly on young females, who were under-represented in this body of research. It is also worth noting
that the amounts of caffeine given are high in some studies (i.e. 5 mg kg–1 BW caffeine). This is the level at which
the European Food Safety Authority (European Food
Safety Authority, 2011) suggests adverse effects in children may occur.
Observational evidence
A total of 13 observational studies were found, with
most (eight studies) conducted in the USA (Table 4).
Six studies looked at the effects of caffeine in relation to
sleeping patterns. A US survey using data from the Sleep
in America poll found that approximately 30% of children aged 6–10 years had consumed a daily caffeinated
beverage that was associated with 15 min less sleep per
night (P = 0.002) compared with children not drinking
these beverages (Calamaro et al., 2012). Another observational study found that younger children (5–7 years)
ingested less caffeine (52 mg of caffeine daily) compared
with children aged 8–12 years (109 mg caffeine daily).
Caffeine consumption and hours slept were significantly
negatively correlated (Warzak et al., 2011). Similarly,
Drescher et al. (2011) reported that total sleep time was
inversely related to caffeine use, especially amongst older
adolescents, whereas Pollak & Bright (2003) found that
high intakes of caffeine were associated with shorter
nocturnal sleep duration, increased wake time after
sleep onset, and increased daytime sleep depending on
age and sex (mean caffeine intakes were in the range
62.7–379 mg day–1).
It is important to note that most of these studies
reported values as ‘total caffeine’ and failed to differentiate sources of caffeine. Thus, it is unknown whether the
main sources of caffeine were energy drinks, tea, coffee,
cola or chocolate, some of which would have other
health implications, such as sugar content or low pH.
Pollak & Bright (2003) reported that most caffeine came
from soda consumption at weekends. This makes interpreting the findings from these studies rather difficult,
especially because some of the age ranges were broad
and included teenagers, who are known to be regular
consumers of high caffeine energy drinks. Also, many of
the observational studies are likely to be confounded by
other factors that affect sleeping patterns. For example,
Calamaro et al. (2009) found that caffeine consumption
tended to be 76% higher by those who fell asleep at
school. However, this was attributed to the concurrent
effects of using multiple forms of technology late at
night along with drinking caffeinated beverages. This
ª 2013 The British Dietetic Association Ltd.
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indicates a need for more controlled studies where
potential confounders such as technology use can be
corrected for.
There are emerging concerns that energy drinks may
have adverse health effects on young people, such as
mood and behavioural disorders (Seifert et al., 2011).
When consumed in excess, caffeine, the main active
ingredient found in energy drinks, has been associated
with cardiac arrhythmias, tachycardia, raised blood pressure, vomiting, seizures, sleep disturbances, psychiatric
disease, physiological dependence and even death (Wolk
et al., 2012), A US survey of 15–16-year-olds found that
caffeine consumption was associated with violent behaviour and conduct disorders, mainly amongst girls (Kristjansson et al., 2013), although it was not possible to
establish whether this relationship was causal as a result
of the observational nature of this study. Another retrospective study found that caffeinated products and alcohol were likely to be co-ingested with energy drinks,
leading to increased reports of palpitations, agitation, tremor and gastrointestinal upset, although it cannot be
confirmed whether these related to caffeine toxicity or
alcohol intake (Gunja & Brown, 2012). Interestingly, the
large European survey by Zucconi et al. (2013) found
that 24% of UK adolescents (53% of energy drink consumers) reported adding alcohol to energy drinks, which
indicates another health concern.
With regard to broader health concerns, a study of 51
children, aged 9–12 years, found that caffeine intake was
associated with depressive symptoms, although the correlational nature of the data limited conclusions about
cause and effect (Benko et al., 2011). A double-blind
randomised cross-over trial by Temple et al. (2009) found
that boys were more likely to find caffeine reinforcing
(more likely to get a rush and more energy) than girls.
This has been supported by evidence obtained from an
intervention trial (Temple et al., 2010). In this trial, cardiovascular response and snack food intake were measured after the administration of 0, 50, 100 and 200 mg
of caffeine, with the finding that boys were more likely to
feel energetic and experience improved athletic performance when caffeine was ingested. One study of African
American and Caucasian adolescents (n = 159) found
that African Americans consuming more than
100 mg day 1 of caffeine had a higher systolic blood
pressure than the groups consuming lower amounts, indicating that caffeine may increase blood pressure and
hypertension risk in this population (Savoca et al., 2004).
Another study looked at the effects of caffeine consumption on bedwetting amongst children, with Warzak et al.
(2011) reporting that caffeine consumption was not significantly correlated with the number of nights that children wet the bed (P = 0.49).
9
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Other work has looked at effects of caffeine withdrawal.
In one study, teenagers (n = 36) with some features of
caffeine dependence were studied, and it was found that
41.7% reported tolerance to caffeine, 77.8% described
withdrawal symptoms, 38.9% reported desire or unsuccessful attempts to control use, and 16.7% endorsed use
despite physical or psychological problems associated with
its consumption (Bernstein et al., 2002). Another study
found that children with daily or near-daily headaches
were heavy cola drinkers, consuming at least 1.5 L of cola
drinks per day (193 mg of caffeine daily), and an average
of 11 L (range 10.5–21 L) of cola a week, although gradual withdrawal went some way to alleviating the headaches that may have been related to the caffeine or other
ingredients in the drinks (Hering-Hanit & Gadoth, 2003).
There is also some emerging evidence that caffeine doses
of 200–500 mg may have adverse effects on blood glucose
control in patients with type II diabetes, although these
studies have predominately been conducted on adults and
the impact of timing and dose of caffeine are unclear
(Whitehead & White, 2013).
High intakes of caffeine appear to affect sleeping patterns
and may have negative effects on wellbeing. However, it is
important to note that UK and European studies are lacking, with most work being conducted in the USA where
patterns of caffeine consumption may differ. In addition,
when considering sleeping patterns, studies often fail to
separate the contribution of dietary and beverages sources
of caffeine from the impact of potential confounders (e.g.
stimulants such as taurine and excess use of technology).
Guidelines for children
A summary of expert body caffeine recommendations
for children is shown in Table 5. At present, there are
no specific caffeine guidelines for children in the UK
apart from general advice for children and people sensitive to caffeine to consume caffeine in moderation. The
Children’s Food Trust’s (2012) advised that children
should avoid drinks or foods with added caffeine or
other stimulants because it is considered they may disrupt children’s sleep, behaviour and concentration. The
European Scientific Committee on Food (2003) suggested that children who consume energy drinks instead
of cola or other soft drinks may increase their daily caffeine intake which, in turn, could lead to behavioural
changes, such as increased arousal, irritability, nervousness or anxiety. When considering the evidence for caffeine and mental performance, European Food Safety
Authority (2011) commented that intakes of 5 mg kg 1
BW in children could increase the risk of transient
behavioural changes (e.g. increased arousal, irritability,
nervousness or anxiety).
10
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The Dietitians of Canada (2012) guidelines focus on
energy drinks, suggesting that these are not recommended
because they provide no additional benefit to the diet, at
the same time noting that approximately 25–30% of adolescents regularly consume these. For children and adolescents, it is advised that caffeine intakes should not exceed
2.5 mg kg 1 day 1. Health Canada (2011) uses similar
guidelines, advising that children aged 12 years and under
should consume no more than 2.5 mg kg–1 BW, whereas
children older than this may benefit from the same caffeine restriction given that the maximum adult caffeine
dose may be inappropriate during growth and development. The panel expressed concern about the over use of
caffeinated energy drinks by children, recommending
limiting the amount of caffeine to a maximum of
400 mg L–1 or 180 mg per single serving. They also emphasised the need for more explicit labelling, stating that
labels should identify energy drinks as being a ‘high
source of caffeine’ and state ‘not recommended for children, pregnant or breastfeeding women, and individuals
sensitive to caffeine’ and ‘do not mix with alcohol’
(Health Canada, 2011).
Australian guidelines are more varied. Food Standard
Australia/New Zealand (2000) suggested that there is a
lack of evidence about the health effects of caffeine ingestion in children and that there appears to be no reason
why children might be more sensitive to caffeine than
adults given that the rate of caffeine clearance is up to
two-fold higher in prepubescent children compared with
nonsmoking adults.
The International Society of Sports Nutrition (Campbell et al., 2013) and Committee on Nutrition & the
Council on Sports Medicine & Fitness (2011) both recognised the potential adverse effects of energy drinks, advising that children and teenagers seek approval from their
parents before consumption. Parents are advised to recognise how energy drinks may impact on health and to discourage their use by children if they have underlying
medical conditions, such as diabetes. It is also emphasised
that sports and energy drinks are different products and
their terminology should not be used interchangeably.
Labelling law
From December 2014, the new European Food Information Regulation (EU) 1169/2011 will require ready-todrink beverages with a high caffeine content (in excess of
150 mg L–1 caffeine) to be labelled as ‘not recommended
for children, pregnant or breastfeeding women’, although
this does not apply to infusions such as tea (FSA, 2013)
which, in any case, are generally lower in caffeine. Foods
will also need to be labelled ‘Contains caffeine. Not
recommended for children or pregnant women’ where
ª 2013 The British Dietetic Association Ltd.
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Table 5 Expert body caffeine recommendations for children
Body
Children’s Food Trust’s (2012), UK

Food Standards Agency (2013), UK
EU Food Information
Regulation, EU
European Food Safety Authority
(2011), EU
European Scientific Committee on
Food (2003), EU

Dietitians of Canada (2012),
Canada

Health Canada Expert Panel on
Caffeinated Energy Drinks (2011),
Canada

Dietitians Association of Australia
(2013)
Food Standard Australia/New
Zealand (2000)
International Society of Sports
Nutrition (Campbell et al., 2013),
USA

Committee on Nutrition and the
Council on Sports Medicine and
Fitness (2011), USA

Summary of recommendations
Avoid tea, coffee, cola and other drinks or foods with added caffeine or other
stimulants. These are not recommended for young children because caffeine is a
stimulant that can disturb children’s sleep, behaviour and concentration
Children or people sensitive to caffeine should only consume this in moderation
Drinks containing more than 150 mg L–1 caffeine should be labelled as ‘high caffeine’
Drinks with a high caffeine content (in excess of 150 mg L–1 caffeine) are labelled as ‘not
recommended for children, pregnant or breastfeeding women’
This does not apply to tea or coffee
Intakes of 5 mg kg 1 body weight in children could increase the risk of transient behavioural
changes (e.g. increased arousal, irritability, nervousness or anxiety)
For children who do not normally consume much tea or coffee, and who might
substitute ‘energy’ drinks for cola or other soft drinks, the consumption of ‘energy’
drinks might represent an increase in daily caffeine exposure compared with their
previous intake, which may lead to behavioural and mood changes
Survey research, primarily from the USA, has reported that one quarter to one third of
adolescents regularly consume energy drinks. Energy drinks are not recommended for
children and adolescents. There is currently no evidence to support that energy drinks are
an important or beneficial addition to the diet
For children and adolescents, caffeine intakes should not exceed 2.5 mg kg 1 day 1
For children aged 12 years and under, no more than 2.5 mg kg–1 body weight should
be consumed.
Based on the average body weight of children, this means a daily caffeine
intake of no more than:
Aged 4–6 years: 45 mg
Aged 7–9 years: 62.5 mg
Aged 10–12 years: 85 mg
Advice for adolescents aged 13 years and older does not exist as a result of insufficient data
There is no need for children to have any caffeine. Parents and carers should monitor how
much their children are having and cut back if they notice sleeping problems, anxiety or irritability
The literature on caffeine in children is inadequate to make conclusions about behavioural effects
Children and adolescents should only consider use of energy drinks with parental approval
after consideration of the amount of carbohydrate, caffeine and other nutrients
contained in the energy drink/shot and a thorough understanding of the potential harmful
side effects
Diabetics and individuals with pre-existing cardiovascular, metabolic, hepatorenal and neurologic
disease who are taking medications that may be affected by high glycaemic load foods,
caffeine and/or other stimulants should avoid use of energy drinks and/or energy shots
unless approved by their physician
Recognise that sports drinks and energy drinks are significantly different products, and that
these terms should not be used interchangeably
A rigorous review and analysis of the literature revealed that caffeine and other stimulant
substances contained in energy drinks have no place in the diet of children and adolescents

caffeine has been added for physiological purposes. Both
of these statements, for beverages and foods, should be
in the same field of vision as the name of the brand
followed by the amount of caffeine in mg mL–1 or
mg 100 g–1. These guidelines do not apply to foods or
drinks where caffeine has been added for flavouring
rather than for physiological purposes. In these
instances, the term ‘caffeine’ must appear after the word
‘flavouring(s)’ in the ingredients list (European Commission, 2011).
ª 2013 The British Dietetic Association Ltd.

Discussion
Overall, the findings from this systematic review and
summary of expert panel guidelines indicate that, when
consumed in moderation, caffeine is unlikely to cause any
harmful effects. It is advised, however, that intakes should
be restricted to no more than 2.5 mg kg–1 BW per day to
maximise benefit and minimise any risk in relation to
behaviour, mood or sleeping patterns for children aged
four years and older (Health Canada, 2011). Taking the
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Records identified through
MEDLINE searching:
(n = 109)

Additional records identified through
other sources
(n = 2)

Records after duplicates removed
(n = 97)

Records screened
(n = 97)

Full-text articles
assessed for eligibility
(n = 28)

Randomised controlled trials included in
qualitative synthesis (n = 11):
Cognition, behaviour & mood (n = 6)
Exercise performance and hydration (n = 5)

Records excluded:
Irrelevant (n = 35)
Focus on different life phase
(n = 17)
Multi-interventions (n = 15)
Full text not available (n = 2)

Full-text articles
excluded
Pilot trials (n = 4)

Observation studies included
in qualitative synthesis:
Caffeine and
children/teenagers (n = 13)

Figure 1 Systematic review process.

average body weight of a 5-year-old (20 kg), 10-year-old
(32 kg) and 16-year-old (57 kg) girl from UK growth
charts (Royal College of Paediatrics & Child Health,
2013), this would translate as an appropriate daily caffeine intake in the range 50–140 mg. At the lower end,
this would equate to 1½ cups of tea (40–50 mg per serving), one small cup of instant coffee (75 mg per serving)
or 1½ cans of cola drinks being consumed, although the
high sugar content of certain soft drinks should be considered. There is no consensus in the UK about the age at
which children can consume caffeinated drinks or how
much caffeine may be appropriate or safe at different
ages, although it has been suggested that strong caffeinated drinks, such as brewed coffee or energy drinks, are
likely to contain too much caffeine for younger children
(Ruxton, 2009).
As Table 1 shows, compared with other caffeinated
beverages, tea has a low caffeine content which does not
increase with portion size as long as tea bags are used
(Ruxton & Hart, 2011). Tea is also an important source
of bioactive compounds, including flavonoids and L-theanine, a naturally occurring nonprotein amino acid that
has been found to improve concentration and learning
ability (Vuong et al., 2011). There is emerging evidence
from preclinical trials that tea flavonoids help to support
oral health, protecting against caries and periodontitis
(inflammation around the tooth) (Varoni et al., 2012).
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It is open to debate whether sports and energy drinks
offer any benefits to children and adolescents and the
potential impact on energy intakes and obesity risk
should be considered (Committee on Nutrition & the
Council on Sports Medicine & Fitness, 2011). In vitro
work indicates that the acidic pH of energy drinks means
they have a high erosive potential (Cavalcanti et al.,
2010). As shown in Table 1, energy drinks differ widely
in their caffeine content and care should be taken to
moderate caffeine intake from other sources (e.g. medications and other beverages) when energy drinks are consumed regularly (Rath, 2012). Energy drinks can also
contain sugar, thus having potentially negative effects on
dental health (Cavalcanti et al., 2010).
Popkin et al. (2006) developed a system that ranked all
beverages on a scale of one to six, based on calorie and
nutritional composition, and related health benefits versus
risks. Water was given the most favourable rating of one,
whereas unsweetened tea and herbal infusions were all
given a rating of two, while sugar-sweetened soft drinks
had the worst rating. The overall advice was that the consumption of beverages containing zero or few calories
should take precedence over the ingestion of beverages
with higher energy values. In the UK, a healthy hydration
model has been published by the British Nutrition Foundation for children aged 4–13 years. This advises that
unsweetened weak tea (up to two cups per day) for
ª 2013 The British Dietetic Association Ltd.
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younger children is safe. Children can also opt for decaffeinated versions of tea but children should be encouraged to drink these with milk and no sugar (British
Nutrition Foundation., 2013). Also, to improve iron
absorption, it is best to offer weak, unsweetened tea
between (rather than with) meals (NHS, 2011), although
the Scientific Advisory Committee on Nutrition (2010)
report that this is mainly of concern to individuals with
low iron stores because most individuals have replete
stores and would not see any impact on iron status from
tea consumption.
The limitations of this systematic review are that studies on caffeine, cognition, behaviour and mood have
mostly originated from the USA using varying methodologies, as well as different caffeine doses and study timescales. Equally, findings from studies investigating the
effects of caffeine on exercise performance are mixed and
limited in their design, making firm conclusions impossible. The most consistent evidence appears to come from
observational studies, linking high intakes of caffeine to
impaired sleeping patterns, although the design of these is
vulnerable to confounding and cause–effect cannot be
established. Finally, despite the lay view that caffeine may
act as a diuretic, studies in adults have not found such an
effect and no studies have investigated the impact of caffeine consumption on markers of normal hydration or
frequency of urination in children.
Additional limitations are that many of the available
studies had small sample sizes and did not cover all age
groups. The use of differing cognitive, behaviour and mood
tests also makes direct comparisons difficult. The issue of
whether caffeine merely reverses withdrawal symptoms or
confers a real cognitive benefit remains controversial and is
hard to resolve, particularly because most children are now
exposed to some dietary caffeine (Heatherley et al., 2006).
Finally, there are difficulties in translating any caffeine
ranges from experimental evidence to real life as a result of
differences in body weight (i.e. ranges are normally
expressed per kg) as well as the diversity of caffeine sources.
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source of flavonoids and contributes to fluid intakes, thus
helping to maintain normal hydration. Higher intakes of
caffeine may be associated with agitation, anxiety and disrupted sleeping patterns, although these effects have not
been attributed to tea/coffee consumption per se and studies finding such associations are limited in their design and
sample sizes. There is a need for more rigorously designed
studies to consider the broader implications of caffeine
consumption in young children and adolescents, with an
emphasis on sports performance and cognitive effects.
Finally, work is needed on the impact of coffee and energy
drinks, which tend to contain far more caffeine per serving
than tea and cola. An expert review in the UK would be a
welcome addition to the debate, giving much needed guidance to health professionals.
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