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Abstract: Attention-deficit/hyperactivity disorder (ADHD) is a very common neurobehavioral disorder

that affects children and adolescents with impact that persists beyond adolescence into adulthood.

Medication and non-pharmacological treatments are evidence-based interventions for ADHD in various age

groups, and this article will elaborate on the psychosocial, physical and integrative medicine interventions

that have been studied in ADHD.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a very
common neurobehavioral disorder that affects children
and adolescents. ADHD can affect the ability of a child
to grow academically and socially and can persist beyond
adolescence into adulthood. A primary care provider (PCP)
should identify ADHD as any other chronic condition and
should apply the chronic care model in management and
regard a child or adolescent with ADHD as one requiring
special health care needs (1).

Based on 2016-2017 National Survey of Children
Health survey, about 5.3 million children in the US were
diagnosed as ADHD, which represented about 8.8% of the
population aged 3-17 years. Out of them, 3.9 million are
currently taking medication (2). This was a rise of 23% more
children diagnosed with ADHD compared with 2003 (3).
In a general population, there are about 9.2% males and
2.9% females that exhibit behaviors consistent of ADHD (4).
This is a huge economic burden for the US health system as
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more children are diagnosed with ADHD; it was estimated

that the adjusted total increase in cost of ADHD for a

person yearly was about $949.24 (5) and cross-sector costs

associated with ADHD in the US would likely exceed 52

billion (3).

The role of the PCP includes not only diagnosis
and medication management but also referral for other
resources, both educational and behavioral. Traditionally
medications have been the cornerstone of treating ADHD,
non-pharmacological treatments are also showing some
promise (6-8).

The American Academy of Pediatrics (AAP) has recently
updated guidelines in 2019 which has formed the basis of
management of ADHD (1):

(I) Preschool age group (4-5 years): first line treatment
is evidence based parent training in behavior
management (PTBM) and/or behavioral classroom
interventions, methylphenidate may be considered if
no improvement;

(II) Elementary school-aged children (6-11 years):
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Table 1 Brief outline of PTBM approaches
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PTBM approaches Brief description

Age range Resources

Positive parenting It aims to prevent and treat behavioral and

program (triple P)

PCIT

Incredible years

Kazdin method

NFPP

emotional problems in children and adolescents
by endowing skills to be self-sufficient and
provide ongoing support to manage family
issues

It is an evidence based treatment when a
therapist watches ongoing sessions with parent
and child in observation room and provides
coaching skills through live behind the ear
device

It is a set of DVD based interlocking and
comprehensive programs that targets parents,
children and teachers where trained facilitators
use video vignettes to structure and stimulate
group discussions, problem solving and trigger
practices

It helps with parenting strategies to handling
behavioral problems by developing specific
behaviors they want and develop positive
traits like kindness, honesty, respect

etc. in a nurturing environment at home

It is a parenting program for moderate to severe
ADHD and takes place in family home through
8 weekly visits where parents are made aware
of symptoms and signs of ADHD and parents
learn strategies to managing child’s behavior

and attention difficulties

Birth 0-12 years;
teen triple P: 12-16 years

www.triplep.net

2-8 years

www.pcit.org

Parent based: 0-12 years;
teacher based: 3-8 years

www.incredibleyears.com

6-12 years www.alankazdin.com

3-11 years www.guidebook.eif.org.uk

PTBM, parent training in behavior management; PCIT, parent child interaction therapy; NFPP, new forest parenting programme; ADHD,

attention-deficit/hyperactivity disorder.

medications approved by Food and Drug Administration
(FDA) along with PTBM and/or behavioral classroom
interventions (preferably both);

(IIT) Adolescents (12-18 years): FDA approved medications
is preferred treatment. Evidence based training
interventions and/or behavioral interventions should
be encouraged.

The American Psychological Association (APA) Working
Group on psychoactive medications for children and
adolescents recommend psychosocial therapy first followed
by medications if insufficient (9). However, the Multimodal
Treatment of ADHD (MTA) Cooperative Group found
that starting with medication was better than behavioral
treatment (10). Pelham ez #/. did a multi-randomization
study of treatment sequencing in ADHD and concluded
that starting treatment with behavioral intervention
showed better results than beginning with medications,
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while starting with medication and later adding behavioral
therapy was found to be less effective option (11).

This article focuses on the non-pharmacologic
management of ADHD and will be discussed under two
broad headings: Psychosocial treatments and Integrative
medicine.

Psychosocial treatments

Since 1998, there has been strong body of evidence

that support using psychosocial treatments for ADHD

in children and adolescents (6-8). There are 3 types of

psychosocial treatments that can be recommended:

() Behavior management interventions (parent training,
classroom interventions, peer-based interventions);

(II) Training interventions (cognitive training,
neurofeedback, organization), cognitive behavior
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therapy (CBT);
(IIT) Physiological treatments (physical activity).

Bebavior management interventions

Behavioral interventions rely on changing behavioral
contingencies so that children increase desired behaviors
and decrease undesirable ones. Parent-child therapy
helps parents/caregivers to enhance their parenting
techniques and foster better relationship between caregivers
and children (12). Caregivers are taught to recognize
problematic behaviors in their children and discourage
unwanted behaviors through nonphysical means like
timeouts and reward positive behaviors through positive
attention and praise (13). PTBM sessions usually last 7-12
weeks or longer and can be provided by qualified behavioral
health professionals. There are different structured and
standardized approaches to PTBM which are highlighted in
Table 1 (14,15).

There have been few studies looking at comparative
effectiveness of PTBM. Charach et 4/. examined about
55 studies involving PTBM and found overall strength
of evidence was high for improved child behavior (14). A
network meta-analysis of about 190 randomized control trails
(RCT) showed stimulants were superior to behavior therapy
but combination of both medication and behavior therapy
together were superior to either one (16). Though studies
by Fabiano ez 4/. (17) and Evans ez 4/. (18) found improved
outcomes with behavioral therapy alone, most showed that
behavioral therapy may improve behavior but not necessarily
reduced overall symptoms of ADHD (19-21). A limitation
is in the terminology of “parent training” as parents may
perceive they may be at fault for the child symptoms (13).
It is important to use family-centered language and advise
caregivers on the evidence for such programs and parent
satisfaction data that accompanies them (12).

Classroom or school based interventions

Some children with ADHD may qualify for receiving
special education services in school. In March 1999, ADHD
was added to the list of conditions under Individual with
Disabilities Education Act IDEA) that could qualify child
eligible for specialized interventions under the “Other
Health impairment (OHI)” category (which generally
includes medical conditions such as heart ailments, asthma,
diabetes or rheumatic fever) (22). A group of people use
a 2-pronged test to determine eligibility under IDEA,
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prong one—the child must have an eligible medical
diagnosis (in this case, ADHD) and prong two—the child
must need special education related services on account
of that disability impairing educational functioning. An
individualized education program (IEP) is then planned
for that student and is used to deliver the individualized
instruction that is then monitored periodically (23). If
the child does not qualify under IDEA, it may be possible
to qualify under Section 504 of Rehabilitation Act of
1973. For this, a child’s disability (in this case, ADHD)
must substantially limit a major life activity like learning,
walking, breathing, caring for oneself but also includes,
concentrating, thinking, and communication with
others. Under Section 504 Plan, there may be specific
accommodations that might be provided for the child such
as reducing the number of homework problems without
decreasing content, providing a quiet place to study,
providing simple and clear directions for assignments,
providing tests in a quiet place, divide tests into smaller
tests, modifying format of a test, providing more time, and
creating communication notebook between parents and
teachers (24).

A study by Sayal ez /. did not find improvement in 4 and
5 years old with classroom based interventions (25), while
another study by Charach et 4/. found enhanced academic
performance but improvement lasted only as long as
interventions were provided (26).

Peer based interventions

These are interventions based on peer relationships and
interactions and are usually done in group based setting.
Quality friendship has been important for any child’s
development and it has been found that more than 50% of
children with ADHD face problems with interaction with
their peers (27). Three types of peer-based interventions have
been described (28). The first is peer involvement where
peers facilitate each other’s learning through social interaction
strategies like sharing, helping, instructing, praising which
are sometimes facilitated through instructors. The second
is peer-mediated intervention where a peer is selected and
trained to provide instruction and facilitate change in the
target child. It helps to improve social skill integration and
since it was found to be very effective in children with autism
spectrum disorders; it has been used in ADHD as well. The
third is peer-proximity intervention where a peer is chosen
with increased skills to sit in close proximity to the child like
same table in classroom. Pelham et 4/. showed that office
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based social skills training (SST) interventions have minimal
effects in improving parent ADHD ratings (29) though
another study by Tutty ez a/. showed positive effects in parent
ratings when clinic-based SST and BPT were delivered (30).
A study by Cordier er al. (28) concluded that peer inclusion
interventions improved relationship between peers and also
help increase social competence than those who received no
treatment but also found that there needs to be more studies
to look at peer based interventions.

Psychotherapy interventions

These interventions generally differ from behavioral parent
interventions in that they focus on the child behavior and
offer training to the child/adolescent. Some examples are
cognitive behavioral therapy (CBT), cognitive training and

play therapy.

CBT

CBT has been described as “a form of psychological
treatment that is based on the principles that psychological
problems are based, in part, on faulty or unhelpful ways
of thinking, and learned patterns of unhelpful behavior,
and can help them learn better ways of coping with them,
thereby relieving their symptoms and becoming more
effective in their lives” (31). CBT is conducted over a series
of structured sessions and has been effective for depression,
anxiety, eating disorders and severe mental illness. Results
of 2 studies that involved adolescents receiving CBT found
that parents had improved ratings of ADHD symptoms but
found little evidence for benefits on functional impairment
(9,32,33).

Cognitive training

Cognitive training helps to improve working memory and
involves computerized training that can be administered
with or without clinicians (16). Cogmed Working
Memory Training (CWMT) is a training program given
by using computers that is designed to enhance verbal
and nonverbal memory. Braingame Brian is another
25-computerized training program for 8-12 years
old children that focus in working memory, cognitive
flexibility and inhibition (18). Steeger et a/. found
adolescents 11-15 years old who received CWPT had
better verbal working memory than those who did not
receive CWMT (34) while another study by van Dongen-
Boomsma et a/. showed that there was no statistical
benefit who received CWMT compared to those who
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received similar placebo task (35). Both studies did not
show any improvement in parent, teacher and clinician
rated ADHD symptoms. Dovis et /. (36) who studied
Braingame Brian found improved working memory but no
change in parent or teacher rating in ADHD symptoms
but Van Der Oord found significantly reduced parent
rating ADHD symptoms (37).

Biofeedback and neurofeedback

Biofeedback is a technique using operant conditioning
principles which helps patients learn to control certain
bodily functions, such as their heart rate or breathing, while
connected to sensors which send real-time information
about those bodily functions, often via computer (38). For
children in particular, biofeedback can be a useful therapy
because many children view the biofeedback activities as a
sort of computer game (39).

Neurofeedback is a subset of biofeedback that utilizes
EEG (more commonly) or functional magnetic resonance
imaging (fMRI) with patients attempting to modulate their
brain activity in real time either visually or acoustically,
and is showing promise in ADHD (39). Children with
ADHD often have decreased beta activity, and increased
theta activity. Beta activity is found to have positive relation
to attention and theta activity is found to have negative
relation to alertness (40). The aim of neurofeedback
with these two variables is to reverse these relationships
to improve attention and alertness. The thought is held
that frequent use of neurofeedback will strengthen neural
networks needed to sustain focus and improve executive
function (39).

A 2014 study using neurofeedback in children with
ADHD found significant improvement after three months
of therapy, and the improvement was found to be even
greater in children who used both biofeedback and a
behavior intervention (41). A 2017 RCT that looked at
effects of neurofeedback on beta and theta activity (40)
in children with ADHD found the greatest effects in
training on beta (attention), while there were no clear
effects on theta (alertness). While there was significant
improvement in beta frequency band, the study did not find
any improvement in ADHD symptoms over time. Overall,
biofeedback and its subset of neurofeedback is still an
experimental therapy that requires further investigation to
establish long-term effectiveness.

Organizational skills training
This intervention focuses on building organization skills,
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cooperation and time management skills in children with
ADHD. It helps to build organization skills with daily
planner, to-do lists or breaking tasks into parts. Bul ez al.
designed Plan-it Commander, a digital game for children
aged 8-12 years with 65 min session that was given three
times a week for duration of 10 weeks along with medication
for ADHD. It was found to get higher rating from teacher
and parent to their children on time management skills and
working memory skills (42).

Physiological interventions

Physiological interventions are regular physical activity
and they are hypothesized to help a child with ADHD.
Guidelines from the US Department of Health and
Human services recommend preschoolers should be active
the whole day physically and 6-17-year-old should have
at least 1 h of physical activity every day (43). PCPs also
recommend 1 h of physical activity everyday as part of ‘5-
2-1-0 rule’ for staying fit and reducing excess weight (44).
It is believed that not only it improves overall well-being
and health; it also helps cognitive function like improved
memory, attention which should help a child with ADHD
(43). Hoza et al. in 2015 studied 31 min of physical activity
in the form of games vs. 31 min of sedentary activity where
children got involved in art projects and found that group
favored sedentary intervention over physical activity though
both groups demonstrated lower parent and teacher rated
ADHD symptoms (45). Pontifex ez /. showed aerobic
exercise improved neurocognitive function (46).

Integrative medicine

National Center for Complementary and Integrative Health
(NCCIH) describes integrative health care as one that
“emphasizes a patient-focused holistic approach to health
care and wellness—often including mental, functional,
emotional, spiritual, social, and community aspects—and
treating the whole person rather than, for example, one
organ system” (47). The different forms of integrative
medicine are (I) biologically based systems which include
herbal products and dietary supplements; (II) mind body
practices like art/music/pet/aromatherapy, biofeedback,
hypnotherapy, meditation/mindfulness, prayer, yoga etc.;
(IIT) manipulative and body based systems like osteopathy,
chiropractic; (IV) alternative whole medical systems like
Ayurveda, homeopathy, naturopathy, traditional Chinese
medicine; (V) energy/biofield therapies like acupuncture,
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healing touch. About 50% to 64% of parents of children

with ADHD report using integrative medicine to treat
ADHD symptoms (5).

Mind-body interventions

Meditation

Meditation is considered a viable option for ADHD as it
enhances being attentive to the present moment using focus
and sustained attention (48). A 2018 systemic meta-analysis
of RCTs (49) found that “meditation-based therapies”
(which included mindfulness, vipassana, yoga, among many
others) resulted in a moderate effect size in improving
childhood ADHD symptoms, with higher benefits in
inattention than in hyperactive-impulsive symptoms.
Though there were improvements in the ADHD symptoms
in children, there was no improvement in inhibition and
working memory, while adults benefitted in these realms.

Yoga

Yoga is a subset of mindful practice that requires those
practicing to build control over their mental and physical
activity simultaneously. It has become increasingly
popular, with a 2012 estimate of 1.7 million US children
participating in a yoga program (50). While effective for
anxiety disorders in both adults and children, it can be
helpful in other mental health disorders (51). Yoga offers
strategies to increase attention regulation and emotion
regulation skills, which are core to ADHD (52). It is
believed that the posture control and motor skills required
for yoga may improve ADHD symptoms by activating
the prefrontal cortex (53). Other reported benefits of
yoga include improved cardiovascular fitness, decreased
depression and stress, and increased emotional self-
regulation (54). In a study (55) of adolescent girls who were
either randomly assigned yoga or physical training, there
was improvement in executive function in the yoga group
when compared with the physical training group. This
suggests that yoga helps in planning, attentive behavior
and helps in controlling emotional reactions. A RCT (56)
which studied 6 weeks yoga training in preschoolers found
a modest improvement on attention measures and some
improvements in parent ratings as well.

A systemic review (57) performed by Evans et a/.
found improvement in ADHD symptoms in studies that
focused on child yoga and parent-child yoga. In addition,
self-esteem of child was found to be improved with a
medium to large effect in patent reporting compared to
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no improvement in child reporting. There was also found
to be a modest improvement in parent-child relationships,
possibly related to improved parental stress and mood in
addition to effect on the child’s behavior. However, the
study acknowledged that was a large possibility of bias
across studies that studied yoga or similar meditation-
based interventions as management for ADHD, particularly
because of the difficulty in creating randomized controlled
trials and due to lack of attention to this domain overall.

Tai chi

Traditional Chinese medicine for ADHD is wide
encompassing, and includes therapies such as Chinese
herbal medicine, acupuncture,), Yaoshan (diet therapy), Tui
na (Chinese medical massage and Tai chi chuan (also known
as tai chi or Taiji). A combined form of traditional Chinese
medicine, which utilizes multiple therapies concurrently,
has been found by a systematic review of 34 trials (58), to
be equivalent to methylphenidate for use in treatment of
ADHD in children for shorter duration, and had a more
stable effect in long-term treatment. However, the studies
included were all of low methodological quality and many
had a potential bias. Tai chi has been gaining popularity
in western culture and it is considered a practice of yin-
yang balance by using slow movements of dynamic and
static forms along with breathing techniques (59). Long-
term practice of tai chi alone has been found to improve
attention, reduces emotional outbursts, irritability, and
anxiety in adults (59). One clinical trial (60) randomized
thirty children with ADHD into a tai chi and control
group and was found to have reduced hyperactivity and
aggressiveness and improved learning abilities. Another
trial (61) found that adolescents also had improvements
in anxiety, hyperactivity, and inappropriate emotions
that persisted 2 weeks after the cessation of twice weekly
tai chi practice. A very small trial (62) in Portugal with
four children, between ages 6 and 10, showed moderate
improvements in hyperactive-impulsive symptoms with very
minor improvements in inattentive symptoms. All studies
were limited in size and were not blinded, but their findings
were notable for improvement for some of the behavioral
and regulation difficulties in children with ADHD. Some
of the benefits of Tai Chi include the low-impact nature of
the exercise and ability to practice nearly anywhere with
no need for equipment. In addition, unlike Chinese herbal
medicine, it is unlikely to negatively impact the concurrent
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pharmacotherapy treatment of ADHD.

Mindfulness

The practice of mindfulness has its roots in Buddhist
tradition, but, like many other meditative practices, is also
becoming more widely used in the western world. It is based
on the principle of being nonjudgmental in accepting and
being aware of each moment as it comes, which requires
focus and attention (63). Neuroimaging supports this, as
changes in the brain have been found in regions associated
with attention immediately after practicing mindfulness (64).
Mindfulness-based interventions are gaining widespread
use and have also shown to help in adults with depression,
stress and pain (65). However, the impact of mindfulness
on attention is what would be beneficial to patients with
ADHD, particularly those with the inattentive type of
ADHD.A 2017 systemic review (66) attempted to look at
benefits of mindfulness in both children and adults who
had ADHD, and found that in adults, mindfulness-based
interventions had significant improvement in attention.
There were not enough studies to find a significant benefit
in children as well, however considering that it has been
shown that mindfulness training does impact healthy
children’s school function, it is likely that these benefits
would extend to children with ADHD as well.

Hypnotherapy

Clinical hypnotherapy is the utilization of therapeutic
suggestions during a state of altered consciousness within
a focused state to facilitate the mind-body connection,
quite similarly to other self-regulatory methods discussed
previously (67). There has been very limited research into
hypnotherapy’s impacts on ADHD, particularly in children,
although it has been found that patients with ADHD
who were taking methylphenidate were found to be more
susceptible (68).

Dietary interventions

One of the earliest treatments for ADHD comes from
Hippocrates, who described patient with features similar
to ADHD as having “quickened responses to sensory
experience, but also less tenaciousness because the soul
moves on quickly to the next impression”. His treatment
suggested various dietary interventions and physical
activities (69). Modern day dietary interventions for ADHD
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include restricted elimination diets (eliminating food
associated with hypersensitivity), avoidance of artificial food
color and supplementation of free fatty acid.

A study by Patrick has shown that Vitamin D and
omega-3 fatty acids have improved cognitive function and
behavior in adults with ADHD, schizophrenia, bipolar
disorder, and impulsive behavior (70), though it is not fully
understood why. It has been postulated that this may be
because of lower vitamin D level in children with ADHD
than in healthy children and insufficient levels of these
substances during critical periods of neurodevelopment
may be to blame (70,71). In addition, perinatal suboptimal
vitamin D levels have also shown some association with
a higher risk of developing ADHD later in life (72). It is
not yet clear, however, at which point (or points) during
development this association is strongest. There is also a
possibility that the link between ADHD and low levels of
vitamin D and may be due to sunlight exposure and possible
circadian clock disturbances in regions with less sunlight
intensity (73).

A systematic review of studies involving free fatty acid
supplementation found that there was a significant reduction
in ADHD symptoms (74). Another RCT which was double
blind, placebo-controlled evaluated the effectiveness of
supplementation of Vitamin D to methylphenidate found
significant improvement in ADHD symptoms, particularly
in the evening, although there isn’t yet sufficient evidence
to support monotherapy with vitamin D (75).

A 2004 meta-analysis that involved placebo-controlled
double-blind studies found a significant linkage between
synthetic colors to ADHD symptoms by parent ratings, but
the same was not found in teacher or observer ratings (76).
Since that time, there have been more studies evaluating
the effectiveness of synthetic color elimination on ADHD
symptom improvement, although nearly all of them rely
on parent ratings, or physician ratings which rely on parent
reports, of children’s symptoms (77). Results of elimination
diet studies have been mixed overall, and there is currently
no clear relationship between artificial food coloring or
particular foods and ADHD symptoms, except possibly
in a minority of children who suffer from significant food
intolerance or allergies (77). There is also ongoing research
evaluating the impact of antioxidant supplementation on
ADHD symptoms, as it is known that oxidative stress
can cause neuronal damage and immune dysfunction and
eventually to neurodevelopmental disorders (78).

Herbs such as Ginkgo biloba, a tree native to China,
and St. John’s wort have been studied in ADHD. St Johns
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wort is an herb that is often used in depression as a form of
alternative medicine. A 2010 RCT with 50 children with
ADHD found that Ginkgo tablets were less effective than
methylphenidate in treating the symptoms of ADHD (79).
It is unclear if Ginkgo treatment is superior to placebo (80).
A 2008 RCT (81) with 54 children with ADHD found
that 8 weeks of treatment with St. John’s wort did not
find improvement in symptoms of ADHD. Additionally,
as a CYP 450 inducer, the treatment may have significant
interactions with many other medications and can cause a
variety of unpleasant side effects (82).

Conclusions

ADHD is a chronic condition that impacts functioning
throughout the span of life. It requires multimodal
interventions and though medications approved by FDA
form the cornerstone of treatment of ADHD, many studies
have shown non-pharmacological interventions also have
become helpful to overall management of ADHD. Though
many parents use some form of integrative medicine in
ADHD, there are mixed results from studies. More research
is needed in the mind-body, herbal and other integrative
interventions for ADHD.
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