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Abstract: Attention deficit/hyperactivity disorder (ADHD) is a frequent diagnosis in childhood and adolescence and the
disorder may also be found in adulthood. The core symptoms of ADHD, inattention, impulsivity and hyperactivity,
frequently cause significant impairment in behavioral, social, academic, and occupational functioning. Short-term
symptomatic benefits of the commonly used treatments, such as pharmacotherapy and behavior management
techniques, have consistently been shown in many individuals with ADHD. However, it is unclear whether or not the
currently available treatments improve the outcome in individuals with ADHD over an extended time period, and little
is known about long-term safety of the medications administered in ADHD. Extended use of stimulant medication in
ADHD from childhood through adolescence is associated with suppression of growth and consequent reduction in
adult height with no reduction in symptom severity. Long-term administration of methylphenidate may result in the
development of tolerance to the neurotransmitter changes induced by medication, lessening the effectiveness of the
drug. These findings regarding the long-term management of ADHD and the failure of a “magic bullet” strategy
targeting well-defined biological alterations in ADHD call for alternative research approaches. A wide range of lifestyle
factors have been proposed as potential precursors or consequences of ADHD. Various nutrients have been linked to
brain development and functioning, and diet may be an important factor in psychiatric disorders including ADHD. The
role of vitamins and minerals in the etiology and treatment of ADHD is unclear, and benefits may be confined to
individuals with respective deficiencies. The efficacy of polyunsaturated fatty acid supplementation in ADHD seems to
be negligible. Clear evidence supporting a role of single nutrients in the etiology and therapy of ADHD has not been
produced, and the interrelationship between diet in general and other lifestyle factors may be of greater importance.
Emerging evidence suggests that physical activity may be a protective factor in ADHD. While exercise may be a
promising alternative or additional treatment option for individuals with ADHD, the currently available studies
assessing the impact of physical activity on ADHD symptoms have several limitations. Large-scale, well-designed
studies investigating the effects of physical exercise on ADHD should be conducted, since exercise may have additional
health benefits regarding cardiovascular function and the prevention of noncommunicable diseases such as diabetes
and obesity. The well-established relationship between ADHD and insomnia, and the small but significant association
between media use and ADHD-related behaviors call for further investigations. In summary, the interaction of
environmental, social and societal factors in ADHD needs to be addressed. The consideration of lifestyles may
contribute to a more holistic and interactive understanding of ADHD. Lifestyle research in regard to etiology and
treatment appears to be a promising approach to ADHD, and the conducting of such research independent of
commercial interests will be a future challenge. Furthermore, lifestyles associated with ADHD should be considered in
clinical practice.
Key words: Attention deficit/hyperactivity disorder; lifestyle; food; diet; physical activity; media use; sleep; circadian
rhythm; ambient light.
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1. Introduction
Attention deficit/hyperactivity disorder (ADHD) has
become a common diagnosis in children and adolescents
and the disorder may also be found in adults [1]. ADHD
has been suggested by some to be a dimensional
disorder, with symptoms considered as continuous traits
across the general population [2]. A clinical diagnosis of
ADHD is made above a certain threshold of symptom
severity, in combination with significant dysfunction in
daily life [3]. Mainstream treatments used in individuals
with ADHD include pharmacotherapy, behavior therapy,
and parent management training. These therapies have
been shown to yield significant short-term symptom
reduction in many individuals with ADHD. Short-term
therapeutic effects of
medications such as
methylphenidate on the symptoms and behavioral
problems of affected children and adults have been
reported in many randomized controlled trials [4].
However, the extent of their efficacy remains a matter of
debate [4,5].
The results of drug trials in ADHD assessing efficacy
and safety over short time periods cannot be
extrapolated to long-term outcomes. Randomized
controlled trials assessing the long-term efficacy of ADHD
medications such as psychostimulants and atomoxetine
are largely absent [6]. Observational pharmacoepidemiological studies comparing periods with patients
on versus off ADHD medications have suggested
potential long-term benefits of treatment [6]. However,
it remains unclear whether or not the currently available
treatments improve the outcome in individuals with
ADHD over an extended time period [6].
Various adverse effects of psychostimulants have
been described (e.g. sleep disturbances, growth
reduction, cardiovascular problems, loss of appetite),
although most are of a transient nature. Short-term use
of stimulants appears to be relatively safe, but much less
is known about the long-term safety of these drugs [7–
10]. If individuals with ADHD require medication over
years or even decades, possible adverse effects such as
cardiovascular risks across the lifespan should be
assessed. The relatively low incidence of such effects in
young people is probably not predictive for elderly
patients, and the long-term safety of ADHD medications
remains an open question [6].
The results of a long-term observational continuation
of the randomized controlled Multimodal Treatment
Study indicate that children who received stimulant
treatment for ADHD into adulthood may show a
reduction in height as adults without experiencing any

ongoing symptom reduction [11]. While the number of
children with ADHD who consistently received treatment
into adulthood was relatively small, the individuals who
continued to take stimulants showed no benefit in regard
to symptom severity compared to those who
discontinued the treatment or who never received
stimulant medication [11]. However, the average adult
height of individuals who continued treatment was more
than 2 cm shorter than in those who stopped receiving
therapy [11]. Although the effects on height may not
affect quality of life, other potential metabolic effects of
ADHD medications should be investigated. Given the
limited or absent long-term benefits of ADHD
medications, the therapeutic value of these drugs may be
outweighed by their risks.
Brain dopamine dysfunction in ADHD may explain
why stimulant medications, which increase dopamine
signaling, are therapeutically beneficial. However, while
the acute increases in dopamine induced by stimulant
medications have been associated with symptom
improvement in ADHD, the chronic effects are less clear.
Using positron emission tomography, dopamine
transporter availability was measured in the brains of 18
never-medicated adult ADHD subjects before and after
12 months of treatment with methylphenidate and in 11
controls who were also examined at the beginning and
end of a 12-month interval but without stimulant
medication [12]. Twelve months of methylphenidate
treatment increased striatal dopamine transporter
availability in ADHD (in the caudate, putamen, and
ventral striatum), while no changes in control subjects
retested after 12 months were seen [12]. An
upregulation of dopamine transporter availability during
long-term treatment with methylphenidate may
decrease treatment efficacy and exacerbate symptoms
when medication is discontinued [12].
In summary, conclusive evidence of long-term
benefits of ADHD medications remains elusive. Any
claims to the contrary are light on substance and, due to
potential vested interests, heavy on salesmanship [6].
2. Lifestyle research in ADHD
As early as the 19th century, a role of social,
environmental and lifestyle factors in the etiology and
prevention of diseases was proposed by the German
pathologist Rudolf Virchow. Virchow focused on the
multifactorial causation of illness, emphasizing the
etiological involvement of social, psychological and stress
factors. In Virchow’s view, it is not bacteria, but
abnormal stimuli acting on the cells that cause disease
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[13]. He was a long-term vigorous opponent of the
microbial theory of disease causation, which was
supported by the discovery of the bacteriologist and
Nobel laureate Robert Koch of the tubercle bacillus as
the causative agent in tuberculosis [13]. The success of
modern microbiology led to the “magic bullet” concept,
i.e. the idea of eliminating specific microbes causing
diseases without harming the body. Although Virchow’s
fierce anti-contagionism may have been an over-reaction
to the threat to his theory of socio-medical causation, his
commitment to medical, scientific and political reform
led to his recognition today as the father of the public
health movement. In China, the physician and statesman
Sun Yat-sen saw sanitation and personal hygiene as
indices of the degree of civilization [14]. Virchow’s and
Sun’s medical and scientific convictions informed their
political and social views: both were republicans (as
opposed to monarchists) and pointed to the important
role of health inequities determined by the social
conditions under which people live. They regarded
epidemics as disturbances of culture and warning signs
regarding the progress of civilizations and states. Sun
Yat-sen interpreted the devastating consequences of the
bubonic plague in southern China in the 19th century as
evidence of the need to topple the incompetent
monarchy.
While the death rate from pulmonary tuberculosis is
generally accepted as a sensitive index of the social state
of a community, we know that this is also true for
noncommunicable diseases such as diabetes and obesity
[15]. Today, social inequities related to health outcomes,
in addition to infection and starvation, concern, among
other factors, the quality and composition of diet. While
until recently little attention was paid to the properties
of food in regard to mental health, a strong link has now
been established between quality of diet and the risk of
common mental disorders such as depression and
anxiety [16,17]. In addition, a growing body of evidence
points to beneficial effects of physical activity on mental
health [18]. Societal determinants of health should be
addressed in order to create (physical and social)
environments that are conducive to health.
No distinct etiology, pathophysiology or biomarker
has been revealed in ADHD [19]. The search for an
essential neurobiological substrate in the central nervous
system, as has been found in Parkinson’s disease, with its
characteristic degeneration of the nigrostriatal system
and the dopamine loss in the striatum, has so far been
unsuccessful in ADHD. This failure of a “magic bullet”
strategy targeting well-defined biological alterations in

ADHD calls for alternative research approaches. As a
consequence, a wide range of lifestyle and
environmental factors have been proposed as relevant
research topics in ADHD.
The question of whether children with and without
ADHD differ from one another in regard to the overall
number of healthy lifestyle behaviors has been examined
[20]. The children’s parents completed a lifestyle
questionnaire assessing seven domains, including intake
of water and sweetened beverages, use of multivitamins,
screen time, reading, physical activity, and sleep. A
reduced lifestyle index score formed from these domains
was associated with teacher-rated inattention and
hyperactivity, and children with ADHD were almost twice
as likely to engage in a reduced number of healthy
behaviors [20]. Another study examined the association
of health behaviors (diet quality, physical activity, and
sedentary behaviors) with ADHD symptomatology in
children with ADHD throughout adolescence [21]. The
number of primary diagnoses of attention deficit
disorder, hyperactivity disorder, hyperkinetic syndrome,
or hyperkinetic conduct disorder was significantly lower
in students with better quality of diet, higher levels of
physical activity, and those who spent less time playing
computer and video games [21]. Furthermore, children
with ADHD symptoms have been reported to show more
unhealthy lifestyle behaviors, such as external eating
(combined with screen time or other sedentary
behaviors) and bedtime eating [22]. These behaviors may
be associated with an increased risk of obesity. In adults,
an association was found between current symptoms of
ADHD and self-reported unhealthy lifestyles and poor
diets with high consumption of sugar [23].
3. Food and diet
Various nutrients have been linked to brain development
and functioning, and diet may be an important factor in
psychiatric disorders including ADHD. Dietary
improvement may therefore be able to assist in the
prevention and therapy of ADHD. Dietary compounds
suggested to be involved in the etiology or to have
therapeutic efficacy in ADHD include polyunsaturated
fatty acids (PUFAs) and micronutrients such as vitamins
(for review see [24–26]). Artificial food additives have
also been suggested to be of etiological relevance, and
the therapeutic potential of elimination diets has been
examined. The effect sizes reported for artificial food
color elimination do not provide convincing evidence of
therapeutic efficacy [27]. However, medium to large
effect sizes for the few-foods diet suggest that it might
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offer treatment options in children too young for or not
responding to medication [27].
Omega-3 PUFAs exert important effects on brain
morphology and function [28], and reduced blood
omega-3 PUFA levels found in individuals with ADHD
suggest therapeutic efficacy of these substances
[26,29,30]. In a systematic review of meta-analyses of
double-blind placebo-controlled trials, the reported
effect sizes for PUFA supplementation were small in
regard to parent and teacher ratings [27]. A recent
randomized placebo-controlled trial evaluated the
efficacy of omega-3 PUFAs in children and adolescents
with ADHD [31]. Randomly assigned participants received
either supplements containing docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) or placebo for
three months. Psychoactive or omega-3-containing
treatments were not administered during the study
period. The total reduction in the ADHD Rating Scale
version 4 score was significantly greater in the placebo
group than in the DHA-EPA group. In summary, this study
did not show any beneficial effect of omega-3
supplementation in ADHD. In addition, when previously
pooled data [32,33] were updated with the results of this
study, no overall effect of DHA-EPA on ADHD could be
found [31]. These findings do not suggest PUFAs to be a
useful therapeutic approach in ADHD.
Various vitamins and minerals have been suggested
to be involved in the pathogenesis of ADHD, and their
supplementation may therefore have therapeutic
benefits. While several pathophysiological mechanisms
have been proposed to explain the relationship between
vitamins and minerals and ADHD, it is unclear whether
respective deficiencies play a role in the etiology of
ADHD and whether supplementation has therapeutic
efficacy [34–37].
Rather than investigating the effects of single
nutrients on ADHD symptoms, several studies have
examined the role of dietary patterns and whole diets. A
case-control study identified dietary and nutrient
patterns using food-frequency questionnaires in children
and adolescents with ADHD and matched controls [38]. A
fish/white meat dietary pattern was shown to be
inversely related to ADHD. An inverse relationship was
also observed for a mineral/protein nutrient pattern rich
in zinc, protein and other minerals [38]. Another casecontrol study examined the relationship between a
Mediterranean diet and ADHD [39]. In children and
adolescents with newly diagnosed ADHD and matched
controls, food consumption and nutrient intake were
measured using a food-frequency questionnaire. An

increased prevalence of ADHD diagnosis was associated
with low adherence to a Mediterranean diet, i.e. (1) low
consumption of fruit, vegetables, pasta, rice, and fish, (2)
high consumption of sugar, candy, and soft drinks, and
(3) an increase in the frequency of skipping breakfast and
eating at fast-food restaurants [39]. The case-control
designs used in the above studies allow no conclusions
regarding the causal relationship between dietary
pattern and ADHD. Another study supporting the
importance of dietary pattern in ADHD found a positive
correlation between intake of processed meat and salty
snacks and hyperactivity, while hyperactivity was
negatively correlated with the consumption of
vegetables, coarse cereals, aquatic foods, beef, mutton,
and milk [40]. The effectiveness of overall dietary
interventions in ADHD should be investigated using
randomized controlled trials [41].
In summary, evidence in support of an etiological role
of nutritional deficiencies (vitamins, minerals, and
PUFAs) or nutritional surpluses (e.g. artificial food
additives) is sparse. While a role of single nutrients in the
etiology and therapy of ADHD appears questionable and
may be confined to subgroups of patients presenting
with respective deficiencies, the relationship between
ADHD and diet in general or other lifestyle factors may
be of greater importance.
4. Physical activity
Emerging evidence suggests that physical activity may be
a protective factor in ADHD. However, major limitations
of the available studies assessing the impact of physical
activity on ADHD symptoms have been small sample size,
lack of randomization, and the retrospective nature of
the studies [42].
The effect of physical activity during late adolescence
on ADHD symptoms in early adulthood was investigated
[43]. The study was conducted in 232 monozygotic twin
pairs. Parents rated their children’s ADHD symptoms at
baseline and follow-up, and the participants’ weekly
energy expenditure was assessed using self-reports at
baseline of frequency, intensity and duration of physical
activity [43]. The results showed that greater weekly
energy expenditure in adolescence was significantly
associated with reduced ADHD symptom levels in early
adulthood, even when controlling for unmeasured
confounding (all genetic and shared environmental
factors shared within monozygotic twin pairs), and ADHD
symptoms and body-mass-index at baseline. Similar
results were observed for the two ADHD subcomponents hyperactivity/impulsivity and inattention

Movement and Nutrition in Health and Disease 2018; 2: 22–30 | DOI: 10.5283/mnhd.10

Lange. Lifestyle and ADHD | 26

[43]. In summary, physical activity in adolescence was
inversely associated with ADHD symptoms and might
therefore decrease ADHD symptoms in early adulthood.
In a systematic review and meta-analysis, evidence
for the effectiveness of exercise interventions on ADHDrelated symptoms in children and adolescents was
examined [44]. The meta-analysis of randomized
controlled trials suggests that short-term aerobic
exercise (over 6–10 weeks) had a moderate to large
effect on core symptoms such as attention, hyperactivity
and impulsivity, as well as related symptoms, including
anxiety, executive function and social disorders, in
children with ADHD. However, the effects of yoga
exercise were less clear [44,45]. The small number of
studies and the heterogeneity of their outcome
measures should be considered.
Another review summarized the evidence for
management of ADHD with long term aerobic physical
activity, based on the findings from widely varying
studies, research designs and outcome measures [46].
Studies comparing chronic aerobic physical activity to at
least one control group were included. Preliminary
evidence suggests that physical activity can be beneficial
for ADHD symptoms, executive function, and motor
abilities. This supports the use of physical activity as an
adjunctive treatment for ADHD, but present evidence is
insufficient to recommend physical activity as a
monotherapy [46].
A systematic review of 30 short-term and long-term
studies supported the clinical benefits of physical activity
on behavioral, cognitive and physical symptoms in
individuals with ADHD [47]. Adverse effects of physical
exercise were not reported in any study. A recent
systematic review concluded that physical activity of 20–
30 min (intensity 40–75%) produces positive acute
effects on processing speed, working memory, planning
and problem solving in young individuals with ADHD,
while data on the effects on behavior are contradictory
[48]. Longer term physical activity (≥30 min/d, ≥40%
intensity, ≥3 d/week, ≥5 weeks) improved attention,
inhibition, emotional control, behavior, and motor
control [48].
The feasibility and impact of a 10-week after-school
exercise program for children with ADHD and/or
disruptive behavior disorders living in an urban poor
community were assessed in Chicago [49]. The
participants were randomized to an exercise program or
a comparable but sedentary attention control program.
Both cognitive and behavioral outcomes were collected
pre-/posttest. This study trial demonstrated that, with

proper training and support, after-school physical activity
programs can be implemented for children with
behavioral disorders in a high poverty community [49].
Children in both groups improved on clinically relevant
outcomes, with few differences between groups [49].
Future studies using larger samples are needed in order
to examine the effectiveness of such exercise programs.
5. Media use
Over recent decades, children’s use of electronic media,
including internet, television, social networks and video
games, has changed significantly and has increased to
several hours per day [50]. Entertainment media have
become more fast-paced, arousing and violent. This
change has a significant impact on the development and
daily activities of children, with an increase in the use of
visual compared to auditory communication, a
displacement of activities believed to stimulate cognitive
abilities more than screen entertainment media, and a
change from free play in groups to solitary web-based
media use (“screen culture”). High-risk youths may spend
an increased time in front of screens, with daily screen
time of about seven hours per day in youths attending a
psychiatric clinic [51]. In particular, it has been
contended that ADHD-related behaviors may be
influenced by the use of media entertainment [52]. In
addition, overuse and lack of control of electronic media
have led to research on ‘‘internet addiction’’ [53]. The
findings of various studies suggest that psychiatric
disorders, and ADHD in particular, are associated with
overuse [52,54]. Children with ADHD may be particularly
vulnerable to overuse of media entertainment including
computer games, which operate in short segments,
demand relatively little attention and offer immediate
rewards. While a strong case for a connection between
ADHD and both internet and off-line video gaming has
been made [52], the causal relationship of this
correlation needs to be investigated in future studies.
A meta-analysis, including 45 empirical studies
investigating the relationship between ADHD-related
behaviors and the use of screen entertainment media in
children and adolescents, was conducted [55]. The
results of this analysis indicated a small but significant
association of media use with increased symptoms of
ADHD [55]. Whether the strength of this association is
influenced by media content (fast-paced, violent), media
type (television, video games), or type of ADHD-related
behavior (inattention, impulsivity, hyperactivity) should
be examined. A better understanding of the relationship
between ADHD and media use, particularly in regard to
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causality, individual susceptibility, and the underlying
mechanisms, is needed in order to develop prevention
and intervention strategies.
6. Sleep, circadian rhythm, and ambient light
Sleep problems are common in ADHD and may
exacerbate the expression of daytime symptoms [56].
The assessment of the cross-sectional relationship
between ADHD and insomnia in adulthood shows a
prevalence of insomnia in adults with ADHD ranging from
43–80%, which is higher than in the general population
(31–56%) [57]. Longitudinal evidence for a link between
childhood-onset ADHD and insomnia later in life is mixed
[57]. In randomized, placebo-controlled trials, insomnia is
reported significantly more often in the treatment arm
than in the placebo arm [57]. Current overall ADHD
symptom severity in adults, especially the severity of
hyperactivity, was shown to be associated with the
current presence and persistent history of sleep
problems [58]. ADHD symptom severity was also
associated with an extreme evening chronotype, but not
with short sleep [58]. In a general population study, the
relationship between ADHD symptom severity, insomnia
symptoms, and sleep duration in adults was examined
[59]. Clinically significant ADHD symptoms as well as
inattention and hyperactivity symptom dimensions were
consistently associated with insomnia symptoms and
altered sleep duration [59]. A meta-analysis of sleep
studies in adults with ADHD was recently conducted [60].
Adults with ADHD differed significantly in seven of nine
subjective parameters when compared to adults without
ADHD, while no significant differences were detected for
polysomnographic parameters [60]. Future research
should investigate if and to what extent sleep-related
complaints are underpinned by objective sleep
alterations.
In order to investigate an association between sleep
schedules, sleep-related problems and ADHD symptoms,
a cross-sectional study comprising a large sample of
15,291 preschoolers was conducted in China [61].
Logistic regression analysis, after adjusting for TV viewing
duration, outdoor activities, and socio-demographic
characteristics, showed that delayed bedtime was
significantly associated with a risk of high levels of ADHD
symptoms. Longer time falling asleep, no naps and
frequent sleep-related problems were also significantly
associated with an increased risk of high levels of ADHD
symptoms, while longer sleep duration (>8.5 h) was
associated with a decreased risk of high levels of ADHD
symptoms [61]. These findings indicate a role of sleep

schedules and sleep-related problems in ADHD in
preschoolers, and suggest that regular sleep habits might
attenuate ADHD symptoms.
The mechanisms modulating sleep alterations
associated with ADHD in adulthood are poorly
understood. Genetic and non-shared environmental
influences may play a role. Media use might be one
factor linking altered sleep to ADHD. The exposure to
artificial light exerts a marked suppressive effect on
melatonin levels and shortens the body's internal
representation of night duration [62]. The chronic
exposure to electrical lighting in the late evening has
been shown to disrupt melatonin signaling and could
thereby impact sleep and related physiological measures
[62]. In this context, the use of electronic devices shortly
before bedtime may have a negative impact on sleep,
possibly mediated by the short wavelength-enriched light
emitted. For example, people reading a light-emitting
eBook before bedtime as compared to a printed book
showed reduced evening sleepiness, needed more time
to fall asleep, and had reduced melatonin secretion, later
timing of their circadian clock, and reduced next-morning
alertness [63].
Individuals with ADHD have a high prevalence of
obesity. In order to investigate whether circadian rhythm
disruption is a mechanism linking ADHD symptoms to
obesity, ADHD symptoms and two manifestations of
circadian rhythm disruption, i.e. sleep problems and an
unstable eating pattern (skipping breakfast and binge
eating later during the day) were assessed in adult ADHD
patients, participants with obesity, and controls [64].
Participants with obesity showed a higher prevalence of
ADHD symptoms and short sleep on free days as
compared to controls, but a lower prevalence of ADHD
symptoms, short sleep on free days, and an unstable
eating pattern as compared to ADHD patients [64].
Participants with obesity had a similar pattern of an
unstable eating when compared to controls. In addition,
mediation analyses showed that both sleep duration and
an unstable eating pattern mediated the association
between ADHD symptoms and body mass index [64].
These findings support the hypothesis that circadian
rhythm disruption is a mechanism linking ADHD
symptoms to obesity.
In summary, the associations between ADHD
symptom severity and insomnia symptoms [59] suggest
that sleep disturbances require attention in clinical
practice.
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7. Conclusion
Whether or not the currently available therapies improve
the outcome in individuals with ADHD over an extended
time period is unclear, and little is known regarding the
long-term safety of the medications used in ADHD.
Extended administration of stimulant medication in
ADHD from childhood through adolescence is associated
with suppression of adult height without a reduction in
symptom severity. These findings in respect of the longterm management of ADHD and the failure of a “magic
bullet” strategy targeting distinct biological changes in
ADHD call for alternative research strategies.
Lifestyle factors, such as diet, exercise, media use,
and sleep habits, may be precursors or consequences of
ADHD. Current evidence suggests that individuals with
ADHD may benefit from improved lifestyle choices. The
role of single nutrients, such as PUFAs, minerals and
vitamins, in the etiology and treatment of ADHD is
unclear and may be confined to individuals with
respective
deficiencies.
Experimental
long-term
investigation of different diets would be challenging if
not impossible for logistical reasons. Moreover, the
interrelationship between the entire diet and other
lifestyle factors may be of greater importance. The wellestablished relationship between ADHD and insomnia,
and the small associations of media use with ADHDrelated behaviors call for further investigations.
Emerging evidence suggests that physical activity may
be a protective factor for ADHD and that exercise may be
a promising alternative or additional treatment option.
However, the currently available studies assessing the
impact of physical activity on ADHD symptoms have
several limitations. Large-scale, well-designed studies
should investigate the effects of exercise on ADHD, and
an examination of the most effective type of exercise
should be undertaken. Exercise programs can be easily
implemented, are relatively inexpensive, and can be
combined with other treatments. Physical activity has
additional benefits for cardiovascular health, the
prevention of noncommunicable diseases such as
diabetes and obesity, and the improvement of
psychological well-being, including the reduction of the
risk for anxiety and mood disorders [65]. The feasibility
of school-related exercise programs for children with
behavioral disorders has been demonstrated, and such
programs may provide good value for societal
investment [49].
The identification of health-related lifestyle risk
factors, such as quality of diet, physical and sedentary
activities, use of media, and sleep habits, appears to be

important in individuals with ADHD, since interventions
in these areas may improve behavioral, cognitive and
physical symptoms of ADHD. Health promotion programs
aiming to improve children’s diets and promote more
active lifestyles may also reduce the public health burden
of ADHD [21]. In summary, lifestyle research appears to
be a promising approach and may provide a more holistic
and interactive understanding of ADHD. Furthermore,
lifestyles associated with ADHD should be given greater
emphasis in clinical practice.
Declaration of interests
The author declares no competing interests.
References
1

Lange KW, Reichl S, Lange KM, Tucha L, Tucha O. The
history of attention deficit hyperactivity disorder. Atten
Defic Hyperact Disord 2010; 2: 241–255.
2 Marcus DK, Barry TD. Does attention-deficit/hyperactivity
disorder have a dimensional latent structure? A taxometric
analysis. J Abnorm Psychol 2011; 120: 427–442.
3 American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, 5th ed. Arlington, VA:
American Psychiatric Publishing, 2013.
4 Storebø OJ, Ramstad E, Krogh HB, Nilausen TD, Skoog M,
Holmskov M, et al. Methylphenidate for children and
adolescents with attention deficit hyperactivity disorder
(ADHD). Cochrane Database Syst Rev. 2015; 11: CD009885.
5 Hoekstra PJ, Buitelaar JK. Is the evidence base of
methylphenidate for children and adolescents with
attention-deficit/hyperactivity disorder flawed? Eur Child
Adolesc Psychiatry 2016; 25: 339–340.
6 Lange KW. The treatment of attention deficit hyperactivity
disorder has no proven long-term benefits but possible
adverse effects. Mov Nutr Health Dis 2017; 1: 11–25.
7 Martinez-Raga J, Knecht C, Szerman N, Martinez MI. Risk of
serious cardiovascular problems with medications for
attention-deficit hyperactivity disorder. CNS Drugs 2013;
27: 15–30.
8 Dalsgaard S, Kvist AP, Leckman JF, Nielsen HS, Simonsen M.
Cardiovascular safety of stimulants in children with
attention-deficit/hyperactivity disorder: a nationwide
prospective cohort study. J Child Adolesc Psychopharmacol
2014; 24: 302–310.
9 Shin JY, Roughead EE, Park BJ, Pratt NL. Cardiovascular
safety of methylphenidate among children and young
people with attention-deficit/hyperactivity disorder
(ADHD): nationwide self controlled case series study. BMJ
2016; 353: i2550.
10 Groenman AP, Schweren LJS, Dietrich A, Hoekstra PJ. An
update on the safety of psychostimulants for the treatment
of attention-deficit/hyperactivity disorder. Expert Opin
Drug Saf 2017; 16: 455–464.

Movement and Nutrition in Health and Disease 2018; 2: 22–30 | DOI: 10.5283/mnhd.10

Lange. Lifestyle and ADHD | 29

11 Swanson JM, Arnold LE, Molina BSG, Sibley MH, Hechtman
LT, Hinshaw SP, et al. Young adult outcomes in the followup of the multimodal treatment study of attentiondeficit/hyperactivity disorder: symptom persistence, source
discrepancy, and height suppression. J Child Psychol
Psychiatry 2017; 58: 663–678.
12 Wang GJ, Volkow ND, Wigal T, Kollins SH, Newcorn JH,
Telang F, et al. Long-term stimulant treatment affects brain
dopamine transporter level in patients with attention
deficit hyperactive disorder. PLoS ONE 2013; 8: e63023.
13 Ackerknecht E. Rudolf Virchow – doctor, statesman, anthropologist. Madison: University of Wisconsin Press, 1953.
14 Schiffrin HZ. Sun Yat-sen and the origins of the Chinese
revolution. Berkeley: University of California Press, 1970.
15 Krech R. Social determinants of health: practical solutions
to deal with a well-recognized issue. Bull World Health
Organ 2011; 89: 703.
16 Sarris J, Logan AC, Akbaraly TN, Amminger GP, BalanzáMartínez V, Freeman MP, et al. Nutritional medicine as
mainstream in psychiatry. Lancet Psychiatry 2015; 2: 271–
274.
17. Lange KW. Movement and nutrition in health and disease.
Mov Nutr Health Dis 2017; 1: 1–2.
18 Rosenbaum S, Tiedemann A, Sherrington C, Curtis J, Ward
PB. Physical activity interventions for people with mental
illness: a systematic review and meta-analysis. J Clin
Psychiatry 2014; 75: 964-974.
19 Thome J, Ehlis AC, Fallgatter AJ, Krauel K, Lange KW,
Riederer P, et al. Biomarkers for attentiondeficit/hyperactivity disorder (ADHD). A consensus report
of the WFSBP task force on biological markers and the
World Federation of ADHD. World J Biol Psychiatry 2012;
13: 379–400.
20 Holton KF, Nigg JT. The association of lifestyle factors and
ADHD in children. J Atten Disord 2016: 1087054716646452.
21 Wu X, Ohinmaa A, Veugelers PJ. The influence of health
behaviours in childhood on attention deficit and
hyperactivity disorder in adolescence. Nutrients 2016; 8:
788.
22 Tong L, Xiong X, Tan H. Attention-deficit/hyperactivity
disorder and lifestyle-related behaviors in children. PLoS
ONE 2016; 11: e0163434.
23 Weissenberger S, Ptacek R, Vnukova M, Raboch J,
Klicperova-Baker M, Domkarova L, et al. ADHD and lifestyle
habits in Czech adults, a national sample. Neuropsychiatr
Dis Treat 2018; 14: 293–299.
24 Lange KW. Dietary factors in the etiology and therapy of
attention deficit/hyperactivity disorder. Curr Opin Clin Nutr
Metab Care 2017; 20: 464–469.
25 Lange KW, Hauser J, Lange KM, Makulska-Gertruda E,
Nakamura Y, Reissmann A, et al. The role of nutritional
supplements in the treatment of ADHD: what the evidence
says. Curr Psychiatry Rep 2017; 19: 8.
26 Lange KW, Hauser J, Kanaya S, Kaunzinger I, Lange KM,
Makulska-Gertruda E, et al. Polyunsaturated fatty acids in

27

28

29

30

31

32

33

34

35

36

37

38

39

40

the treatment of attention deficit hyperactivity disorder.
Funct Foods Health Dis 2014; 4: 245–253.
Pelsser LM, Frankena K, Toorman J, Rodrigues Pereira R.
Diet and ADHD, reviewing the evidence: A systematic
review of meta-analyses of double-blind placebo-controlled
trials evaluating the efficacy of diet interventions on the
behavior of children with ADHD. PLoS One 2017; 12:
e0169277.
Bos DJ, van Montfort SJ, Oranje B, Durston S, Smeets PA.
Effects of omega-3 polyunsaturated fatty acids on human
brain morphology and function: What is the evidence? Eur
Neuropsychopharmacol 2016; 26: 546–561.
Bozzatello P, Brignolo E, De Grandi E, Bellino S. Supplementation with omega-3 fatty acids in psychiatric disorders: A
review of literature data. J Clin Med 2016; 5: 67.
Königs A, Kiliaan AJ. Critical appraisal of omega-3 fatty acids
in attention-deficit/hyperactivity disorder treatment.
Neuropsychiatr Dis Treat 2016; 12: 1869–1882.
Cornu C, Mercier C, Ginhoux T, Masson S, Mouchet J, Nony
P, et al. A double-blind placebo-controlled randomised trial
of omega‑3 supplementation in children with moderate
ADHD symptoms. Eur Child Adolesc Psychiatry 2018; 27:
377–384.
Gillies D, Sinn JKh, Lad SS, Leach MJ, Ross MJ.
Polyunsaturated fatty acids (PUFA) for attention deficit
hyperactivity disorder (ADHD) in children and adolescents.
Cochrane Database Syst Rev 2012: CD007986.
Hawkey E, Nigg JT. Omega-3 fatty acid and ADHD: blood
level analysis and meta-analytic extension of
supplementation trials. Clin Psychol Rev 2014; 34: 496–505.
Hariri M, Azadbakht L. Magnesium, iron, and zinc
supplementation for the treatment of attention deficit
hyperactivity disorder: a systematic review on the recent
literature. Int J Prev Med 2015; 6: 83.
Landaas ET, Aarsland TIM, Ulvik A, Halmøy A, Ueland PM,
Haavik J. Vitamin levels in adults with ADHD. BJPsych Open
2016; 2: 377–384.
Mossin MH, Aaby JB, Dalgård C, Lykkedegn S, Christesen HT,
Bilenberg N. Inverse associations between cord vitamin D
and attention deficit hyperactivity disorder symptoms: A
child cohort study. Aust N Z J Psychiatry 2017; 51: 703–710.
Bala KA, Doğan M, Kaba S, Mutluer T, Aslan O, Doğan SZ.
Hormone disorder and vitamin deficiency in attention
deficit hyperactivity disorder (ADHD) and autism spectrum
disorders (ASDs). J Pediatr Endocrinol Metab 2016; 29:
1077–1082.
Zhou F, Wu F, Zou S, Chen Y, Feng C, Fan G. Dietary,
nutrient patterns and blood essential elements in Chinese
children with ADHD. Nutrients 2016; 8: E352.
Rios-Hernandez A, Alda JA, Farran-Codina A, Ferreira-García
E, Izquierdo-Pulido M. The Mediterranean diet and ADHD in
children and adolescents. Pediatrics 2017; 139: e20162027.
Liu J, He P, Li L, Shen T, Wu M, Hu J, et al. Study on the
association between diet, nutrient and attention deficit
hyperactivity disorder among children in Shanghai,

Movement and Nutrition in Health and Disease 2018; 2: 22–30 | DOI: 10.5283/mnhd.10

Lange. Lifestyle and ADHD | 30

41

42

43

44

45

46

47

48

49

50

51

52

Kunshan, Wuxi three kindergarten. Wei Sheng Yan Jiu 2014;
43: 235–239.
Ghanizadeh A., Haddad B. The effect of dietary education
on ADHD, a randomized controlled clinical trial. Ann Gen
Psychiatry 2015; 14: 12.
Den Heijer AE, Groen Y, Tucha L, Fuermaier ABM, Koerts J,
Lange KW, et al. Sweat it out? The effects of physical
exercise on cognition and behavior in children and adults
with ADHD: a systematic literature review. J Neural Transm
2017; 124 (Suppl 1): 3–26.
Rommel AS, Lichtenstein P, Rydell M, Kuja-Halkola R,
Asherson P, Kuntsi J, et al. Is physical activity causally
associated with symptoms of attention-deficit/
hyperactivity disorder? J Am Acad Child Adolesc Psychiatry
2015 ; 54: 565–570.
Cerrillo-Urbina AJ, García-Hermoso A, Sánchez-López M,
Pardo-Guijarro MJ, Santos Gómez JL, Martínez-Vizcaíno V.
The effects of physical exercise in children with attention
deficit hyperactivity disorder: a systematic review and
meta-analysis of randomized control trials. Child Care
Health Dev 2015; 41: 779–788.
Lange KM, Makulska-Gertruda E, Hauser J, Reissmann A,
Kaunzinger I, Tucha L, et al. Yoga and the therapy of
children with attention deficit hyperactivity disorder. J Yoga
Phys Ther 2014; 4: 168.
Hoza B, Martin CP, Pirog A, Shoulberg EK. Using physical
activity to manage ADHD symptoms: the state of the
evidence. Curr Psychiatry Rep 2016; 18: 113.
Ng QX, Ho CYX, Chan HW, Yong BZJ, Yeo WS. Managing
childhood and adolescent attention-deficit/hyperactivity
disorder (ADHD) with exercise: a systematic review.
Complement Ther Med 2017; 34: 123–128.
Suarez-Manzano S, Ruiz-Ariza A, De La Torre-Cruz M,
Martínez-López EJ. Acute and chronic effect of physical
activity on cognition and behaviour in young people with
ADHD: a systematic review of intervention studies. Res Dev
Disabil 2018; 77: 12–23.
Bustamante EE, Davis CL, Frazier SL, Rusch D, Foggs LF,
Atkins MC, et al. Randomized controlled trial of exercise for
ADHD and disruptive behavior disorders. Med Sci Sports
Exerc 2016; 48: 1397–1407.
Smith A, Stewart D, Peled M, Poon C, Saewyc E. A picture of
health: highlights from the 2008 British Columbia
Adolescent Health Survey. Vancouver, BC: McCreary Centre
Society, 2009.
Baer S, Bogusz E, Green DA. Stuck on screens: patterns of
computer and gaming station use in youth seen in a
psychiatry clinic. J Can Acad Child Adolesc Psychiatry 2011;
20: 86–94.
Weiss MD, Baer S, Allan BA, Saran K, Schibuk H. The screens
culture: impact on ADHD. Atten Defic Hyperact Disord
2011; 3: 327–334.

53 Byun S, Ruffini C, Mills JE, Douglas AC, Niang M,
Stepchenkova S, et al. Internet addiction: metasynthesis of
1996–2006 quantitative research. Cyberpsychol Behav
2009; 12: 203–207.
54 Wang BQ, Yao NQ, Zhou X, Liu J, Lv ZT. The association
between attention deficit/ hyperactivity disorder and
internet addiction: a systematic review and meta-analysis.
BMC Psychiatry 2017; 17: 260.
55 Nikkelen SW, Valkenburg PM, Huizinga M, Bushman BJ.
Media use and ADHD-related behaviors in children and
adolescents: a meta-analysis. Dev Psychol 2014; 50: 2228–
2241.
56 Kirov R, Brand S. Sleep problems and their effect in ADHD.
Expert Rev Neurother 2014; 14: 287–299.
57 Wynchank D, Bijlenga D, Beekman AT, Kooij JJS, Penninx
BW. Adult attention-deficit/hyperactivity disorder (ADHD)
and insomnia: an update of the literature. Curr Psychiatry
Rep 2017; 19: 98.
58 Vogel SWN, Bijlenga D, Benjamins JS, Beekman ATF, Kooij
JJS, Van Someren EJW. Attention deficit hyperactivity
disorder symptom severity and sleep problems in adult
participants of the Netherlands sleep registry. Sleep Med
2017; 40: 94–102.
59 Wynchank D, Ten Have M, Bijlenga D, Penninx BW,
Beekman AT, Lamers F, et al. The association between
insomnia and sleep duration in adults with attention-deficit
hyperactivity disorder: results from a general population
study. J Clin Sleep Med 2018; 14: 349–357.
60 Díaz-Román A, Mitchell R, Cortese S. Sleep in adults with
ADHD: systematic review and meta-analysis of subjective
and objective studies. Neurosci Biobehav Rev 2018; 89: 61–
71.
61 Cao H, Yan S, Gu C, Wang S, Ni L, Tao H, et al. Prevalence of
attention-deficit/hyperactivity disorder symptoms and their
associations with sleep schedules and sleep-related
problems among preschoolers in mainland China. BMC
Pediatr 2018; 18: 70.
62 Gooley JJ, Chamberlain K, Smith KA, Khalsa SB, Rajaratnam
SM, Van Reen E, et al. Exposure to room light before
bedtime suppresses melatonin onset and shortens
melatonin duration in humans. J Clin Endocrinol Metab
2011; 96: E463–E472.
63 Chang AM, Aeschbach D, Duffy JF, Czeisler CA. Evening use
of light-emitting eReaders negatively affects sleep,
circadian timing, and next-morning alertness. Proc Natl
Acad Sci USA 2015; 112: 1232–1237.
64 Vogel SW, Bijlenga D, Tanke M, Bron TI, van der Heijden KB,
Swaab H, et al. Circadian rhythm disruption as a link
between attention-deficit/hyperactivity disorder and
obesity? J Psychosom Res 2015; 79: 443–450.
65 Warburton DE, Nicol CW, Bredin SS. Health benefits of
physical activity: the evidence. Can Med Assoc J 2006; 174:
801–809.

Movement and Nutrition in Health and Disease 2018; 2: 22–30 | DOI: 10.5283/mnhd.10

