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ABSTRACT

Background This overview and analysis of UK datasets
was commissioned by the UK government to address
concerns about children’s consumption of caffeinated
energy drinks and their effects on health and behaviour.
Methods We searched nine databases for systematic
reviews, published between 2013 and July 2021, in
English, assessing caffeinated energy drink consumption
by people under 18 years old (children). Two reviewers
rated or checked risk of bias using AMSTAR2, and
extracted and synthesised findings. We searched the UK
Data Service for country-representative datasets, reporting
children’s energy-drink consumption, and conducted
bivariate or latent class analyses.

Results For the overview, we included 15 systematic
reviews; six reported drinking prevalence and 14 reported
associations between drinking and health or behaviour.
AMSTAR? ratings were low or critically low. Worldwide,
across reviews, from 13% to 67% of children had
consumed energy drinks in the past year. Only two of the
74 studies in the reviews were UK-based. For the dataset
analysis, we identified and included five UK cross-sectional
datasets, and found that 3% to 32% of children, across
UK countries, consumed energy drinks weekly, with no
difference by ethnicity. Frequent drinking (5 or more days
per week) was associated with low psychological, physical,
educational and overall well-being. Evidence from reviews
and datasets suggested that boys drank more than girls,
and drinking was associated with more headaches,

sleep problems, alcohol use, smoking, irritability, and
school exclusion. GRADE (Grading of Recommendations,
Assessment, Development and Evaluation) assessment
suggests that the evidence is weak.

Conclusions Weak evidence suggests that up to a

third of children in the UK consume caffeinated energy
drinks weekly; and drinking 5 or more days per week is
associated with some health and behaviour problems.
Most of the evidence is from surveys, making it impossible
to distinguish cause from effect. Randomised controlled
trials are unlikely to be ethical; longitudinal studies could
provide stronger evidence.

Strengths and limitations of this study

» The main strength of this study was the novel use
of a secondary data analysis to fill a gap in the evi-
dence that was identified by the overview.

» A strength of the overview was its robust methods,
and that it only included reviews that used system-
atic methods.

» A limitation of the overview was the strength of ev-
idence of the primary research, most of which was
from cross-sectional surveys.

» The main limitations of the dataset analysis were
that longitudinal data were not available, and the
survey data could not be combined due to differenc-
es between surveys in their designs and measures
reported.

PROSPERO registrations CRD42018096292 — no
deviations. CRD42018110498 — one deviation - a latent
class analysis was conducted.

INTRODUCTION

Caffeinated energy drinks (CEDs) are drinks
containing caffeine, among other ingredi-
ents, that are marketed as boosting energy,
reducing tiredness, and improving concen-
tration. They include brands such as Red
Bull, Monster Energy, and Rockstar. There
is widespread concern about their consump-
tion and effects in children and adolescents
(under 18 years old)."™ Some professional
organisations have suggested banning sales to
children.? In the UK, warnings, aimed at chil-
dren and pregnant women, are required on
the packaging for drinks that contain over 150
mg/L of caffeine.” An average 250 mL energy
drink contains a similar amount of caffeine
to a 60 mL espresso, and the European Food
Safety Authority proposes a safe level of 3 mg
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of caffeine per kg of body weight per day for children and
adolescents.” Many drinks also contain other potentially
active ingredients, such as guarana and taurine, and more
sugar than other soft drinks, although there are sugar-
free options.”™ Children may be more at risk of ill effects
than adults.'”!" Effects could be physical (eg, headaches),
psychological (eg, anxiety) or behavioural (eg, school
attendance or alcohol consumption).'? Available system-
atic reviews report a wide range of findings, including
positive effects on sports performance.

In 2018, the UK government ran a consultation on
implementing a ban on sales to children,"”™ and in
March 2019 they published a policy paper.'® The research
reported here was commissioned by the Department of
Health and Social Care (DHSC), England, in 2018, to
identify and assess the evidence on the use of CEDs by
children. As the deadline was short, and as initial searches
identified several systematic reviews, a systematic review
of systematic reviews (referred to as overview, from this
point onwards) was conducted. As only two UK studies
were identified within the reviews included in the over-
view, UK datasets were sought, and a secondary analysis of
relevant data was carried out to supplement the interna-
tional literature and ensure relevance to UK policy. Full
reports are available.'” '®

The research questions (RQ) were:

RQI1. What is the nature and extent of CED consump-
tion among people aged 17 years or under in the UK?

RQ2. What impact do CEDs have on young people’s
physical and mental health, and behaviour?

METHODS

This pa;)er summarises the overview and dataset
analysis.l 8 For the overview, a literature search was
conducted during May 2018 and updated on 2 July 2021.
EPPI-Reviewer software'? was used to manage the data.
The gaps, identified by the overview and a search for
primary studies, guided the search, conducted during
August 2018, for UK datasets and their subsequent anal-
ysis. STATA vl 3% was used to analyse the datasets. Ethical
approval was granted by UCL’s Ethics Committee. Proto-
cols were registered on PROSPERO (CRD42018096292
and CRD42018110498).

Search strategies

For the overview, we searched nine databases, focusing on
research in health, psychology, science or social science,
or general research. We completed forward citation
searching in Google Scholar for 13 included reviews. The
databases searched and the MEDLINE search strategy are
in the online supplemental file (section 1). The search
terms were based on three concepts: caffeine, energy
drink, and systematic review. The searches were limited
to the publication year of 2013 onwards, to identify the
most recent systematic reviews. For the dataset analysis,
search terms were based on caffeine and energy drink.

We searched the UK Data Service®' (accessing over 6000
UK nation population datasets), with no restrictions.

Inclusion criteria

For the overview:

» Systematic review published since 2013

Extractable data on children under 18 years of age

Available in English

Patterns of CED use or associations with physical,

mental, social or behavioural effects.

Four reviewers (GB, CK, GR and CS) screened refer-
ences based on their titles and abstracts, and then
screened potential includes on their full texts. The four
reviewers double-screened batches of 10 references until
their decisions to include or exclude each paper were the
same on at least nine of the 10 (90%), then they screened
individually. Disagreements and indecisions were resolved
by another of the four reviewers, where necessary.

For the dataset analysis:

» Downloadable datasets, representative of the UK or a
constituent country

» Information on the levels and patterns of CED
consumption

» Data on children under 18 years of age (adults could
provide the data on their behalf)

» Reporting primary (frequency, amount, or occur-
rence of drinking/not drinking (comparator)) or
secondary (sugar consumption, cardiovascular health,
mental health, neurological conditions, educational
outcomes, substance misuse, sports performance or
sleep characteristics) measures.

After a pilot batch, for which two reviewers (GB and
DK) assessed datasets independently and discussed their
decisions to include or exclude, the remaining datasets
were screened, independently.

vYvyy

Data extraction

From the systematic review reports that met the overview
inclusion criteria, we extracted details on/for: systematic
review methods; included studies; CED consumption;
associations with physical, mental, social or behavioural
effects; and risk of bias assessment. One reviewer (GB,
CK, GR or CS) extracted these data, which were checked
by another reviewer. For the dataset analysis, one reviewer
(GB or DK) extracted dataset characteristics (sample
size, etc); details on participants (age, gender, etc) and
consumption (how it was measured, etc); well-being
and health outcomes, including potential confounders;
and information on missing data and for risk of bias
assessment.

Syntheses

The data extracted from the systematic reviews were
synthesised in a narrative format due to variation between
reviews. Prevalence was synthesised by the measure used,
where possible. Associations were synthesised by whether
they were physical, mental, behavioural, or social/educa-
tional, and summary tables were produced. One reviewer
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(GB, CK, GR or CS) synthesised the data and another
checked each synthesis.

Each datasetwas analysed for prevalence and frequency
of CED consumption, and any variations by children’s
characteristics. Most of the cross-sectional analyses were
bivariate (exploring interactions between two features),
with binary and multinomial logistic regression used to
control for confounders. A latent class analysis (LCA)
was conducted,” for one dataset. The latent profiles
were based on children’s health experiences, such as
headaches, anxiety, or dizziness. The observed variables
(11 indicators of child well-being) and latent variables
(five classes of well-being) were identified from the data.
Class membership was used as the dependent variable
in multinomial logistic regressions. Descriptive associa-
tions were explored in bivariate analyses of the 11 indi-
cators, separately. The results from individual datasets
were synthesised in a narrative because meta-analysis
was not deemed to be appropriate. Missing data were
not imputed, as it was not possible to determine if they
were missing at random. One reviewer (DK) analysed
the data.

Risk of bias

AMSTAR2* was used to assess the risk of bias in the
included systematic reviews, some reviews
included randomised controlled trials (RCTs) as well
as non-RCTs. AMSTAR2 has questions on the protocol,
inclusion criteria, search, selection, data extraction, risk
of bias assessment, reporting, synthesis (RCTs and non-
RCTs), and conflicts of interest; a question on relevance
was added. The strength of the evidence was assessed
using GRADE (Grading of Recommendations, Assess-
ment, Development and Evaluation) criteria,** which can
be used to determine whether the evidence is strong or
weak, based on any risk of bias, including in study design
and size, consistency of the results, relevance to the popu-
lation, and potential publication bias. Overlap, where the
same primary studies appear in more than one review, was
assessed.”” Overlap can lead to double counting of the
results of a study, giving these more influence than those
of other studies.?® Two reviewers (CK and GR) assessed
risk of bias; random samples were checked by a third
reviewer (GB). Datasets were not formally assessed, but all
datasets met the quality assurance criteria of the UK Data
Service.?” Data on exposure (quantity, frequency and type
of drink), sample frame (characteristics of participants),
and level of participation (response rate) were extracted,
by one reviewer (DK), to determine their parameters.'”
In line with National Institutes of Health guidance,28 no
overall risk of bias score was produced for each dataset
because overall scores can be misleading where the risk
of bias on each criterion has a different impact on the
reliability of the conclusions.

because

Patient and public involvement
We did not include young people in the research process.

RESULTS

The overview searches identified 1102 references, after
deduplication (see figure 1); 126 were screened on full
texts. We included 15 reviews; six reported information on
prevalence,'”** and 14 reported associations.'? #7442
The reasons for exclusion, based on assessment of the full
text, are reported in the online supplemental file (section
2). Most were excluded because they did not use system-
atic review methods or did not report information on
children.

Three reviews focused on CEDs in children.'***! One™
focused on children, with a section on CEDs alongside
other drinks. The other 11 reported information on chil-
dren alongside data for adults; one® with CEDs along-
side other drinks, and two® ** focusing on alcohol mixed
with CEDs. For summary and full characteristics, see the
online supplemental file (section 3) and the full report.18

For the dataset analysis, as there was no facility to
export results, it was not possible to record the flow of
datasets through screening. Five datasets met the inclu-
sion criteria; analyses were not possible for one dataset*
(see table 1). For full descriptions, see the full report."”

Risk of bias

There was a high risk of bias in all but three of the
reviews—Visram ef al,12 and Bull et af” Yasuma et al'!
(details in the online supplemental file, section 4)—
meaning that some relevant evidence may have been
missed. Overlap between studies in the reviews was slight
(corrected covered area 3.2%; see the online supple-
mental file, section 5). The reviews did not include any
analyses of the UK datasets that we analysed. Within the
reviews, there were four small randomised controlled
trials, while most studies were surveys with a high risk of
bias; the application of GRADE criteria, which are used to
assess the overall strength of the evidence found, suggests
that the evidence is weak. Exposure, sample frame and
level of participation for the datasets are reported in
appendix 1 of the full report."”

UK studies in the overview

Of the 74 studies identified by the reviews that are
summarised in the overview, two were UK surveys.
One*™® was a longitudinal (two time-points) cross-
sectional survey of 11- to 17-year-olds in the south-west of
England. The other?” was a survey of 13- to 18year-olds
across 22 European countries, one of which was the UK
(2.6% of respondents).

Below and in tables 2—4, the overview results are
summarised by research question, followed by highlights
of the dataset analysis within each topic. The full results of
the overview'® and dataset amalysis17 are available online.

RQ1. Nature and extent of CED consumption

The overview included six reviews with data on preva-
lence of children’s CED consumption, and these are
summarised in table 2.
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Duplicates

n=2,104

Screened on title/abstract
n=1,102

Full texts screened
n=126

Included
n=15

Figure 1

Across reviews, prevalence varied by study location,
population age range, and definition of drinking (ever
drunk, in the past year, regularly, with alcohol, etc)
from 13% to 67% of children having a CED in the
past year.”’ * One meta-analysis® of four studies in the
Gulf states suggested that about two thirds of children
consumed CEDs (not further defined; 65.3%, 95% CI
41.6 to 102.3 (as reported in the paper)). Across reviews,
weekly or monthly drinking ranged from 18% to 54%™* of

n=1,002

~

/ Excluded (T&A)
n =976
17 not English
306 not CED
400 not children
25 no outcomes assessed
2 no data reported
8 publication date
ng not systematic review /
/ Excluded (Full Text) \
n=111
3 duplicates
5 not English
78 not systematic review
5 not CED

18 not children
\2 no data reported

&

Flow diagram for the overview. CED, caffeinated energy drinks; T&A, title and abstract.

children. In one study, across Europe, UK children had
the highest proportion of caffeine intake from CEDs, at
11%,*" but this might reflect a lower intake from coffee or
tea. Across reviews, 10%* to 46% of children had tried
CEDs with alcohol.

In the UK dataset analysis, self-reported prevalence was
relatively consistent across UK countries (see table 3),
although there were differences in the questions asked.
About a quarter of children aged 13 to 14 years consumed

Table 1 Description of the five datasets included in the secondary data analysis

Dataset Abbreviation Region Collection period(s) Ages (years)

Millennium Cohort Study (longitudinal)**® MCS UK 2008 9 months, 3, 5,7, 11, 14, 17
Smoking and Drinking Survey of Young Peoplet®’ SDSYP England 2014 7 to 11

Health Behaviour in School Children (Wales)t%® HBSC Wales 2013/14 and 2017/18 11,13 and 15

National Diet and Nutrition Survey®® NDNS UK 2014 to 2016 1.5t0 18

Young Persons’ Behaviour and Attitudes Survey®” YPBAS N Ireland 2016 8to 12

*Only collected data on CED consumption at age 7 years (2008). Fewer than five parents reported that their child (out of >13 500
children) would drink CEDs between meals and the data were not used in analyses.
TUsed to explore associations with hypothesised antecedents or consequences of CED consumption.

CED, caffeinated energy drinks.
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Table 2 Characteristics and main findings of reviews reporting prevalence of consumption

Review details

Methods and study details

Main findings on prevalence, and
associated characteristics (% of children)

Children or young people
Reference: Visram (2016)'?
Exposure: CEDs
Age: 10 to 20 years

and qualitative)

Reference: Dawodu (2017)*°
Exposure: CEDs
Age: 10 to 18 years

Children and adults (subsection on children)

Reference: Alhyas (2016)*°
Exposure: CEDs
Age: 12 to 19 years

Reference: Roemer (2017)*
Exposure: Alcohol mixed with CEDs
Age: 11 to 20 years

assessment

Reference: Verster (2018)%2
Exposure: Alcohol mixed with CEDs
Age: 14 to 19 years

Included: 6 surveys

Reference: Verster and Koenig
(2018)*®

Exposure: Section on CEDs
Age: 2 to 22 years

Included: 8 surveys

Included: 46 studies (RCTs, surveys

Published: 2003 to 2016
Risk of bias tool: CASP and EPHPP

Included: 12 surveys (4 on prevalence)
Published: 2013 to 2015
Risk of bias tool: None

Included: 5 surveys, 6138 children
Published: 2011 to 2014
Risk of bias tool: None

Included: 3 surveys (2 prevalence)
Published: 2014 to 2015
Risk of bias tool: No tool, some

Published: 2013 to 2016
Risk of bias tool: None

Published: 2002 to 2015
Risk of bias tool: None

Higher for boys than girls

Higher for black children than white (three
studies); white than black (one study)

Age associated with drinking, but the
direction of the association varied by study
UK study: drinking associated with being
male, older, eligible for free school meals,
and having special educational needs

Higher for boys than girls

In the past year — 62% or 67%
Once a month or more — 20%
Recent (undefined) — 13%
Ever with alcohol - 10%
Weekly — 15% or 16%

Higher for boys than girls

Boys start at 17.1 years, and girls at 16.7
years

Meta-analysis: 65.3% (95% CI 41.6% to
102.3%; four studies) consumed CEDs (not
further defined)

Higher for boys than girls (one study); no
difference (one study)

In past year — 13% to 20% (Canada)
In past month — 13% (USA)

Ever consumed — 46.1% (Italy)
Higher for black children than white

Percentage of caffeine intake that is from
CEDs:

11% UK; 0.6% Germany; 2-3% New
Zealand; 5-6% USA; 5.3% Belgium; 6%
Australia; 8.1% Netherlands

CASP, Critical Appraisal Skills Programme; CEDs, caffeinated energy drinks; EPHPP, Effective Public Healthcare Panacea Project; RCTs,

randomised controlled trials.

one drink or more per week (Smoking and Drinking
Survey of Young People (SDSYP) data).”’ Prevalence
ranged from 3% to 32% of children—slightly lower than
found in the overview.

Characteristics of drinkers

In the overview, more boys reported drinking CEDs
than girls."* 7% Prevalence by age was inconsistent: for
example, within the reviews, one study48 found that girls
started drinking CEDs when they were younger; while
one™ suggested that drinking prevalence peaked at 14 to
15 years; and another™ suggested that more older boys
drank CEDs than younger boys, but more younger girls
drank them than older girls. Prevalence by ethnicity was
also inconsistent. Children with minority ethnicity drank
more than white children,12 %2 but white children drank

more than black or Hispanic children, when drinks were
mixed with alcohol.'? In the UK, drinking was associated
with being male, older and lower socioeconomic status.”

In the dataset analysis, the SDSYP reported the most
detailed information on sociodemographic character-
istics. As in most of the overview evidence, prevalence
increased with age, so that between a quarter and a third
of children aged 15 to 16 years reported consuming
one or more CED per week. More boys (29.3%) than
girls (18.1%), and more children living in the North of
England than in the South (for example, 33.1% in the
North-East vs 16.5% in the South-East), consumed at least
one can a week. More children who were eligible for free
school meals (29.5%), than those who were not eligible
(22.6%), drank CEDs weekly. These differences were
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Table 3 Prevalence of CED consumption across datasets by school year (approximately weekly consumption with weighted

percentages and unweighted sample sizes - see notes below)

Year 7 (age 11/12)
(% of children)

Year 9 (age 13/14)
(% of children)

Year 11 (age 15/16)
(% of children)

SDSYP* 12.4
95% Cl 10.6 to 14.5
n=1209

HBSC 2013/14t 23.9
95% Cl 20.8 to 27.4
n=429

HBSC 2017/18¢t 16.4
95% Cl 15.4t0 17.4
n=1882

NDNS%t 2.9
95% Cl1 0.9 10 8.8
n=118

YPBAS§ 16.6
95% Cl 14.0 to 19.6
n=756

24.4 31.3
95% Cl 21.7 t0 27.3 95% Cl 28.3 to 34.5
n=1233 n=1152

32.3 29.3

95% Cl 28.5 to 36.4 95% Cl 26.2 to 32.7
n=537 n=459

24.2 22.9

95% Cl 23.1 to 25.4 95% CI 21.6 to 24.3
n=1892 n=1605

5.4 6.0

95% Cl1.9to0 14.6 95% Cl 2.3 t0 14.8
n=131 n=138

22.7 25.4

95% CI 19.8 to 26.0 95% Cl 22.0 to 29.1
n=784 n=672

*Measured if children consumed at least one can of CED per week.

tMeasured if children drank CED at least 1 day per week; differences in the sampling frame between the two data collection waves (2013/14
and 2017/18) make direct comparison challenging; in the later survey, sample weights were not available for all cases and these findings are

only indicative.
FData collected through food diaries over a 4 day period.
§Measured if children drank CED at least 1 day per week.

CED, caffeinated energy drink; HBSC, Health Behaviour in School Children; NDNS, National Diet and Nutrition Surve; SDSYP, Smoking and
Drinking Survey of Young People; YPBA, Young Persons’ Behaviour and Attitudes.

robust to the impact of potential confounders (see the
online supplemental file, section 6). Unlike the evidence
from the overview, which suggested differences in
consumption by ethnicity, the proportion of weekly CED
consumers was within 3 percentage points of the average
across all ethnic groups.

Motives and context
Three reviews reported on motives or context for
consurnption.12 232 The context was parties and social-
ising with friends or family12 3235 4r exams.?’ Children’s
motives included taste (particularly with alcohol), for
energy, curiosity, friends drinking them, and parental
approval or disapproval. Across the reviews, single
studies suggested that more girls than boys drank CEDs
to suppress appetite,54 while more boys than girls drank
them for performance in sport.55 And about half of chil-
dren knew that the drinks contained Caffeine,‘r’6 while
those who knew that the content might be harmful drank
less.”’

Motives and context were not measured in the UK
datasets.

RQ2. Associations with drinking CEDs

Fourteen reviews reported associations and are
summarised in table 4. Most reviews included cross-
sectional evidence (surveys) or individual case studies.

Three reviews'?** reported prospective trials (four small

RCTs in total), which assessed physical performance,
cardiovascular response, or the effects of sleep education;
one review reported prospective cohort studies.

As most of the evidence was from surveys, measured at
a single time-point, cause cannot be distinguished from
effect.

Physical health associations
Associations between drinking CEDs and physical symp-
toms were reported in all but one* of the 14 reviews. CEDs
improved sports performance.” * There was consistent
evidence of associations with headaches, stomach aches
and low appetite,'* > ** and with sleep problems.'?*" % **
Within the reviews, a trial of boys randomised to receive
different doses of CED reported dose-dependentincreases
in diastolic blood pressure and decreases in heart rate.”
Across reviews,34 339 hine cases of adverse events were
reported; eight children had cardiovascular events, and
one had renal failure, following a single drink, moderate
drinking, or excessive drinking (in a day or for weeks).
Analysis of the Health Behaviour in School Children
(HBSC) 2013/14 data found that children drinking CEDs
once a week or more, compared with those drinking less
often, were statistically significantly more likely to report
physical symptoms occurring more than once a week, such
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Table 4 Characteristics and main findings of the reviews reporting associations with consumption

Review details Methods and study details Main findings on associations
Reviews of children or young people
Reference: Visram (2016)"? Included: 46 studies (RCTs, surveys and  Physical: sports performance (2 RCTs),
Exposure: CEDs qualitative) headache, sleep issues, fatigue, stomach
Age: 10 to 21 years Published: 2003 to 2016 aches, hyperactivity, blood pressure (1
Risk of bias tool: CASP and EPHPP RCT)

Mental: depression, traumatic experiences
Behaviour: sensation seeking, drugs,
alcohol, smoking

Social: academic performance

Reference: Dawodu (2017)*° Included: 12 surveys Physical: sleep issues, executive function,
Exposure: CEDs Published: 2013 to 2015 hyperactivity, inattention
Age: 10 to 18 years Risk of bias tool: None Mental: anxiety, depression, anger,

impulsivity, self-harm, suicide behaviour
Behaviour: risk taking (alcohol, drug taking,

smoking)
Social: NA
Reference: Bleich and Vercammen Included: 7 or 8 surveys Physical: sleep issues, headaches,
(2018)*® Published: 2014 to 2016 stomach aches, appetite
Exposure: Soft drinks (subsection  Risk of bias tool: None Mental: depression, stress, suicide
on CEDs) behaviour
Age: 10 to 18 years Behaviour: risk taking (smoking, drugs),
ADHD, inattention
Social: NA
Reference: Yasuma (2021)*' Included: 5 prospective cohort studies Physical: NA
Exposure: CEDs Published: 2010 to 2019 Mental: NA
Age: 11 to 19 years Risk of bias tool: ROBINS-I Behaviour: alcohol, smoking, drug use
Social: NA
Reviews of children and adults (subsection on children)
Reference: Alhyas (2016)*° Included: 5 surveys, 6138 children Physical: increased energy level, voice
Exposure: CEDs Published: 2011 to 2014 tone changes, menstrual changes
Age: 12 to 19 years Risk of bias tool: None Mental: mood changes
Behaviour: NA
Social: NA
Reference: Roemer (2017)*" Included: 3 surveys Physical: traumatic brain injuries, alcohol-
Exposure: Alcohol mixed with Published: 2014 to 2015 related injuries, car crashes
CEDs Risk of bias tool: No tool, some Mental: NA
Age: 11 to 20 years assessment Behaviour: unsafe driving, binge drinking
Social: NA
Reference: Verster (2018)% Included: 6 surveys Physical: traumatic brain injury
Exposure: Alcohol mixed with Published: 2013 to 2016 Mental: no differences in mental health
CEDs Risk of bias tool: None Behaviour: risky behaviour (drugs, alcohol,
Age: 14 to 19 years smoking, violence, sexual behaviour)

Social: school absence, academic
achievement (some studies found no
association)

Reference: Richards and Smith Included: 7 surveys, 1 RCT Physical: NA

(2016)*° Published: 2010 to 2015 Mental: post-traumatic stress disorder,
Exposure: CEDs Risk of bias tool: None stress, anxiety, depression (some studies
Age: 9 to 24 years found no effect), self-harm, suicidal

thoughts, and well-being

Behaviour: Improvements in behaviour and
mental health with better sleep (and fewer
CEDs —in an RCT)

Social: NA

Continued
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Table 4 Continued

Review details

Methods and study details

Main findings on associations

Reference: Nadeem (2021)*2
Exposure: CEDs

Age: 11 to 19 years

Included: 9 surveys, 1 RCT
Published: 2014 to 2018
Risk of bias tool: MINORS

Reviews of case reports (excluding adults)

Reference: Ali (2015)**
Exposure: CEDs
Age: 13 to 17 years

Reference: Buck (2013)*
Exposure: CEDs
Age: 13 to 16 years

Reference: Bull (2015)*”
Exposure: CEDs
Age: 10 to 17 years

Reference: Goldfarb (2014)%®
Exposure: CEDs
Age: 13 to 17 years

Reference: Lippi (2016)*°
Exposure: CEDs

Age: 13 to 17 years

Included: 4 cases (all male)
Published: 2011 to 2012
Risk of bias tool: None

Included: 3 cases
Published: 2008 to 2012
Risk of bias tool: None

Included: 2 cases
Published: 2011
Risk of bias tool: None

Included: 5 cases
Published: 2011 to 2012
Risk of bias tool: None

Included: 2 cases
Published: 2012 to 2013
Risk of bias tool: None

Physical: cardiovascular, gastrointestinal,
immune, muscular, neurological,
physiological, renal (ranging from 8-35% of
children)

Mental: stress, depression, and suicidal
thoughts/attempt (20-35% of children)
Behaviour: NA

Social: NA

Physical: palpitations, angina
Mental: NA

Behaviour: NA

Social: NA

Physical: arrhythmia, palpitations,
tachycardia, systolic murmur, chest pain
Mental: NA

Behaviour: NA

Social: NA

Physical: renal failure, jitteriness
Mental: NA

Behaviour: NA

Social: NA

Physical: cardiovascular events
(palpitations, chest pain, dizziness, tremors)
Mental: NA

Behaviour: NA

Social: NA

Physical: ST elevation myocardial infarction

(angina, coronary artery dissection)
Mental: NA

Behaviour: NA
Social: NA

ADHD, attention deficit hyperactivity disorder; CASP, Critical Appraisal Skills Programme; CEDs, caffeinated energy drinks;
EPHPP, Effective Public Healthcare Panacea Project; MINORS, methodological index for non-randomized studies; NA, not
applicable; NR, not reported; RCT, randomised controlled trial; ROBINS-I, Risk Of Bias In Non-randomised Studies - of

Interventions.

as headaches (22.2% vs 16.8%), sleep problems (13.6% vs
8.5%) and stomach problems (31.2% vs 23.1%).

Mental health associations
Associations between drinking CEDs and mental health
were inconsistent,'* % %32 ¥ 9% Ope review reported that
improvements in mental health and hyperactivity were
found in children who were randomised to receive an
intervention to lower their intake of CEDs.?! Associations
were found with stress, anxiety or deplression,12 30 35 40 42
but two reviews'? ** also found studies that did not find
an association. Some reviews included evidence of asso-
ciations with self-harm or suicidal behaviour,30 354042 and
with irritation and anger.'? %% 4042

Secondary analyses of the HBSC 2013/14 data found
that children who consumed CEDs at least once a week
were statistically significantly more likely, than those who

did not, to report low mood (20.3% vs 14.9%) and irrita-
bility (30.8% vs 18.0%) on a weekly basis.

Behavioural associations
Some evidence of associations between drinking CEDs
and behaviour was reported.'? **** % ** Drinking CEDs
was associated with alcohol, smoking and substance
misuse at a single time point,12 %% and at follow-up.”
CED consumption at baseline predicted alcohol
consumption at follow-up.'?> Consumption was asso-
ciated with increased hyperactivity and inattention,
and with sensation seeking.'” ** % Injuries were associ-
ated with drinking CEDs with alcohol'*! and without
alcohol.'**

Analysis of the SDSYP data found that higher propor-
tions of children who consumed one or more cans per
week had tried alcohol (59.1%) and smoking (39.7%),
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compared with non-CED consumers (alcohol 28.9%,
smoking 10.4%).

Social or educational associations
Consistent associations between drinking CEDs and
social or educational outcomes were reported.'*** Within
reviews, one UK study” found an association between
drinking CEDs once a week or more and poor school
attendance. CEDs mixed with alcohol were associated
with lower grades and more absence from school.”
Analysis of the SDSYP data found that almost half of chil-
dren who had been truant or excluded reported drinking
a can of CED on a weekly basis (49.5%), compared with
less than a fifth of those who had not been truant or
excluded (18.5%).

Well-being profiles

Using the HBSC 2013/ 14 dataset, we identified 11 indica-
tors of well-being: weekly experience of irritability, sleep
difficulties, nervousness, dizziness, headaches, stomach
aches, and low mood; as well as low life satisfaction,
feeling pressured by schoolwork some or a lot of the time,
dislike of school, and low self-rated academic achieve-
ment. From these, using LCA, we identified five profiles:
low psychological well-being (18.2% of children), high
overall well-being (48.6%), low educational well-being
(6.7% of children), low physical well-being (13.0%), and
low overall well-being (13.5%). See the online supple-
mental file (section 6) for details.

After controlling for age, gender, rurality, smoking
status, alcohol status and Family Affluence Scale (a
measure of socioeconomic status; for more information
see Hartley et al 2), the relative risk of having a low well-
being profile, compared with a high well-being profile, was
substantially higher for children who consumed CEDs at
least 5 days a week (frequent), compared with those who
rarely or never did. Relative to a high well-being profile,
frequent consumers had a higher risk of low psycholog-
ical well-being (RR 2.11, 95% CI 1.56 to 2.85) and low
physical well-being (RR 2.52, 95% CI 1.76 to 3.61), and
were over four times more likely to have low educational
well-being (RR 4.81, 95% CI 3.59 to 6.44) and low overall
well-being (RR 4.15, 95% CI 2.85 to 6.00). These data
suggest that CED consumption is a marker of low well-
being, but the analyses also showed that consumption
was one of a cluster of factors (eg, smoking and drinking
alcohol) in children with low well-being.

DISCUSSION

Summary of the evidence

Prevalence varied according to the measures used and
the ages of children. In the overview, CED consumption
prevalence was up to 67% of children in the past year
and, in the dataset analyses, up to 32% of children were
consuming a CED at least 1 day a week, meaning that
up to a third of UK children are regularly consuming
caffeine. Evidence from the overview and the dataset

analyses consistently suggests that boys drink more than
girls, and that drinking tends to increase with age. Some
evidence from the overview suggested higher prevalence
in children from ethnic minority backgrounds, but no
such association was detected in the UK data analysis.
This could be due to factors such as area of residence or
social class affecting well-being in children from ethnic
minorities, where well-being is driving the differences in
prevalence of CED consumption, rather than minority
background. Reviews included in the overview found
that most drinking of CEDs occurred at parties, around
exams, with friends, or with family, and motives included
taste, energy, curiosity, appetite suppression, and sports
performance, which was reported to be improved. There
was some evidence that knowledge of content was low,
and that children who knew that the content might be
harmful drank less, suggesting that education could
reduce drinking.

Evidence from the overview suggests worse sleep, and
raised blood pressure, with CED consumption, compared
with reduced or no consumption. Both the overview and
the dataset analysis found that children who consumed
CEDs reported headaches, stomach aches and sleep issues
more frequently than those who did not; although most
studies were cross-sectional, some in the overview were
longitudinal, showing changes over time.'"® The over-
view identified consistent evidence of associations with
self-harm, suicide behaviour, alcohol use*, smoking*,
substance misuse®, hyperactivity, irritation*, anger, and
school performance, attendance, and exclusion (*also
found in the UK dataset analysis). This was consistent
with findings reported in non-systematic reviews.'” * %

The UK dataset analysis suggested that children who
consumed CEDs 5 or more days a week had lower psycho-
logical, physical, educational and overall well-being than
non-drinkers. It remains unclear whether drinking CEDs
contributes to low well-being, or low well-being leads to CED
consumption, or both. Alternatively, there may be a common
cause, such as social inequality.

Strengths and limitations

The overview was limited by the amount of information
reported in the included systematic reviews, and by their
method limitations; all had a high risk of bias. They
mainly included cross-sectional surveys or case reports,
which means that cause or effect cannot be determined
where an association is found. However, some prospec-
tive studies, including four small RCTs, were included in
the reviews and where there were common measures, the
evidence from these RCTs and from most of the cross-
sectional studies within the reviews was consistent. This
suggests that the associations found could be reliable. A
strength of our work is that the UK evidence in the over-
view (two studies within the reviews) was supplemented
by the analysis of UK data, which was mostly consistent
with the non-UK evidence. These data support the idea
that there is a link between drinking CEDs and poorer
health and behaviour in children, although the cause
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is unclear. Overlap between reviews in the overview was
slight (unsurprisingly, given the different foci of the
reviews). There was no overlap between the reviews and
the dataset analysis, meaning that the latter added new
information. The wide range of tools used to measure
prevalence made it difficult to summarise the overview
evidence, and meta-analysis of the individual participant
UK data was not possible, meaning that the conclusions
are based on weaker evidence from single sources.

Recommendations for research

Standardisation is needed in the measurement of the
prevalence of drinking—defining the dosage (in drinks
and/or caffeine), timing (daily, weekly, etc) and popu-
lation (age, ethnicity, etc). There was little evidence on
children under 12 years old, and both the overview and
dataset analysis found little evidence from the UK. Longi-
tudinal data, from the UK datasets, should be collected to
understand better the impact of consumption. RCTs may
not be ethical, even where benefits are predicted, such
as where children who consume CEDs are randomised
to interventions to reduce or stop their drinking to see if
this improves their well-being.

Conclusion

Based on a comprehensive overview of available system-
atic reviews, we conclude that up to half of children,
worldwide, drink CEDs weekly or monthly, and based on
the dataset analysis, up to a third of UK children do so.
There is weak but consistent evidence, from reviews and
UK datasets, that poorer health and well-being is found in
children who drink CEDs. In the absence of RCTs, which
are unlikely to be ethical, longitudinal studies could
provide stronger evidence.
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