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ABSTRACT

There are well known behavioral complications of ADHD at childhood adolescence
and adulthood, among them are: learning difficulties resulting in lower education
attainments, increased rate of car and other accidents, increased prevalence of
substance abuse, misconduct and imprisonment. These complications can be prevented
or alleviated by early diagnosis of ADHD and effective treatment. In this mini-review
we describe some of the literature regarding the complications of ADHD at adulthood
and summarized some data on the cost of treatment and the cost of the different
complications in several countries, among them Germany, the Netherlands, Israel, the
US and Europe. The cost of treating ADHD for every economy is substantially high, but
the cost due to loss of income resulting from lower education attainments and those
imposed by the different complications is even higher. Since early diagnosis and
appropriate treatment of ADHD is very effective in reducing the different symptoms
and complications at adulthood, enabling a better education and income and
diminishing the different complications at adulthood, it seems important to diagnose
and offer comprehensive treatment to children with ADHD and continue this treatment
through adulthood.

INTRODUCTION

Attention Deficit Hyperactivity Disorder (ADHD) is a neurobehavioral disorder defined
by the Diagnostic Statistical Manual 5 (DSM 5) as a "persistent disorder of inattention
and/or hyperactivity —impulsivity that interferes with functioning or development" [1].
At childhood, ADHD seems to be more prevalent in males, but seemingly not at
adulthood [2-4]. Diagnosis is usually made at school age; in the more severe cases
symptoms may be recognized earlier [5] and in less severe, especially in children with
inattention, later [1]. The prevalence of ADHD varies among populations ranging
between 3-12% [2,3]. In Israel, for example, it seems to occur in 9.5% among Jewish
school age children and only 7.35% among Arab school age children [6].

The diagnosis of ADHD is based on typical behavioral problems demonstrating
inattention and/or, impulsivity and/or, hyperactivity and often a variety of additional
behavioral and psychiatric problems [7]. Different questionnaires have been
developed for the screening and diagnosis of ADHD that can be used by teachers,
parents and professional for diagnostic purposes [5,7]. As the behavioral deviations
must be present in at least two settings (i.e.in children at school and at home, in adults
at home and at work), behavior should be recorded in at least two settings. Thus, for

example, if we use The Conner's or DSM 5 questionnaires, they should be filled out by
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the teacher and the parents [7]. If screening is carried out by

the teacher at school, the parents should fill out the
questionnaires too.

ADHD is basically a neurobehavioral disorder of childhood.
However, in about half of the cases it extends into adulthood
[3,8]. People with ADHD have a variety of psychiatric and
other comorbidities, amongst them are learning difficulties,
oppositional defiant disorder, conduct disorder, anxiety and
depression [1,3,5]. There is also an increased tendency for
substance abuse (alcohol, heavy smoking and illicit drugs), more
involvement in car and other accidents as well in crimes and
law violation. Generally, the rate of these misbehaviors among
adults with ADHD is about 3 times higher than in people
without ADHD [9-14]. The more severe cases exhibit more of
these complications, especially if untreated.

The severity of ADHD and the presence of psychiatric
comorbidities, especially obsessive-compulsive disorder and
conduct disorder, are also important predictors for ADHD
persistence into adulthood. The male to female ratio of adults
with ADHD is reduced, almost approaching one [8].

Generally, early diagnosis and treatment may improve the
different long-term complications of ADHD, especially if

treatment continues into adulthood.

COMPLICATIONS OF ADHD DURING ADOLESCENCE AND
ADULTHOOD AND THEIR POSSIBLE ALLEVIATION

Criminal acts

Many studies have shown a high tendency to disobey rules,
perform crimes and get arrested with the rate of criminal acts
and imprisonment being about 3 times higher compared to
adults without ADHD [14-17]. Moreover, the studies examining
the rate of ADHD among males and females in prison found
that almost 50% of males and 30% of females have ADHD
and more than half of those with ADHD also have learning
difficulties [18-20]. Although There seem to be no studies
proving the benefit of early treatment of ADHD on the
reduction of the rate of criminal acts, most studies have shown
treatment of ADHD
behavior [17,21,22].

that early diagnosis and improves

behavioral problems and antisocial
Improvement of antisocial behavior will certainly reduce the
rate of law disobeying [21,22].

Substance use and abuse

LITERATURE

Lee et al. found [23] that children with ADHD have at
adulthood a 2-3-fold higher risk for nicotine, marijuana and
cocaine abuse and a general odds ratio for illicit drugs
dependence (substance use disorder) of 2.64 compared to
non-ADHD. Among adults with substance abuse, the rate of
ADHD was found to be 15.2%, over 3 times the rate found in
adults without substance abuse. Other studies reached similar
conclusions [24,25]. Lugoboni et al., [26] found among 1057
heroin dependent persons that 19.4% of these patients
screened positive for ADHD. This is 3-4 times higher than the
rate in non-addicted adults. Mannuzza et al.,, [27] found that
early age of initiation of treatment alleviates (prevents)
subsequent substance abuse. Similar conclusions were reached
by other investigators. Moreover, in persons with substance
abuse who also have ADHD, there is poor treatment adherence
unless ADHD is treated as well [26].

Involvement in car accidents

More car accidents in persons with ADHD probably stem from
reduced attention and the tendency not to follow rules. Several
investigators have shown, wusing the Driving Behavior
Questionnaire, that those with ADHD performed more violations
of road rules and more car accidents [11]. Barkley et al. found
[28,29] that 40% of adolescents with ADHD have at least 2
accidents by the age of 30, as opposed to only 6% in controls
and the severity of accidents is higher. Similarly, increased rate
of road accidents were described by other investigators
[30,31]. Pharmacological treatment was found to significantly
decrease the rate of such accidents [9,32-34].

Learning difficulties

Learning difficulties and ADHD are interconnected as about
50% of children with ADHD, especially those with inattention,
have learning disabilities and about half of the children with
learning difficulties have ADHD [35,36]. Although children with
ADHD have normal intelligence, their scores are lower with10-
15 points compared to their peers. Moreover, children with
ADHD scored lower on achievement tests even when controlling
for 1Q [37,38]. Children with ADHD are at high risk for school
dropout. For example, Barbaresi et al., [39] found that the
likelihood of ADHD children to drop out from high school is 2.7
times higher than in children without ADHD. At adulthood, a

lower proportion of Persons with ADHD will graduate from

Universities. Mannuza et al., [27] found that only 9% of people
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with ADHD have a Bachelor’s degree as opposed to 34% in
the controls and only 1% had Master’s degree compared to
6% in people without ADHD. Similar findings were reported in
a survey by Biederman and Faraone [2]. Low education in
adults has a very significant impact, significantly reducing their
average income. This is in addition to poorer social adaptation.
Optimal treatment of ADHD children often alleviates the
learning difficulties, mainly due to improved attention and
short-term memory [40,41]. Ornoy et al., [42] found that the
most effective treatment for improving learning abilities is a
combination of stimulants and use of corrective educational
methods. Similar improvement in learning abilities by
pharmacological treatment was also demonstrated by other
investigators. Improved educational achievements also have
benefits in reducing crime rate and in decreasing accidents and
drug dependence. Hence, early diagnosis and effective
treatment increases these educational achievements by about
50%.

COST OF ADHD AND COST EFFECTIVENESS

In order to persuade health authorities and governments of the
importance of early diagnosis and long-term treatment of
ADHD, it is essential to examine the cost effectiveness of such a
policy. If the economic benefit is high, the chances for
implementation of such a policy are also high.

There are several studies calculating the cost or cost
effectiveness of ADHD treatment. Many published studies
calculated the cost of treating ADHD, including the cost of
diagnosis, of pharmacological treatment as well as the cost of
the increased use of medical services due to different medical
complications (i.e. increased proneness to trauma and abuse).
Fewer studies calculated the extra cost of reduced education
and more involvement in car and other accidents or crime [43].
Cost and cost effectiveness in Israel

We recently calculated the cost of optimal treatment of a
person with ADHD from childhood to the age of 65 years, the
age of retirement, presuming 55 years of treatment and 40
years of income from productive work. This was done in order
to calculate economic benefits of early diagnosis at childhood
and effective treatment throughout life. Based on the studies
mentioned above, we estimated that the success of

comprehensive treatment is about 50%. Hence, a benefit of

treatment of only 50% was used for all our calculations. Our
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calculations of economic gain from treatment were assigned
individually, and should be multiplied by the presumed number
of adults with ADHD to calculate the economic gain for the
country's economy. We can assume, based on the prevalence
of ADHD in school age children, that 3%-4% of adults in Israel
(and elsewhere) have ADHD.

We used in our calculations the data on the different co
morbidities, as described above, assuming that their rate in the
Israeli population of children and adults with ADHD are similar
to those described in the literature. Quantitative evaluation of
the cost effectiveness was carried out using the method of Cost-
Benefit analysis described by Mishan [44]. Costs and benefits
were calculated in terms of US Dollars (USD). When the
outcome has probability smaller than one, the procedure was
to multiply by it, i.e. taking the expected value of the cost and
the benefit. The costs and benefits are those incurred by
society as a whole, including the ADHD patients as well as
others.

As expected, the cost of lower educational achievements was
the major cost in our calculations. Based on the success of Israeli
high school and University education on the one hand and the
reduced educational achievement of adults with ADHD on the
other hand, we found that the average annual income loss due
to reduced education of a person with ADHD is about 3,700
USD and for 40 years it is about 148,000 USD. Similarly, the
annual extra loss from the increased involvement in car
accidents is about 3,000 USD and for 40 years it is about
120,000 USD. The extra annual cost for higher involvement in
crimes is about 350 USD and for 40 years it is: 14,000 USD.
The extra cost for drug abuse over 40 years is 3,500 USD.
Hence, the total loss per person with ADHD is about 285,500
USD.

In addition, the total cost for early diagnosis and optimal
treatment of ADHD for 55 years (Medications plus educational
and psychosocial support) is about 41,000 USD. Thus, the cost
effectiveness calculated by dividing the total extra cost of
285,500 to 41,000 is 7.0 and, assuming a 50% success rate of
treatment, it is 3.5. It follows that screening, early diagnosis
and treatment of ADHD from our data is highly cost effective.

It is important to add that in these calculations we did not take

into account the enormous social impact of untreated ADHD on
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the individual family and society, which has significant
additional disadvantages and costs.

Cost and cost effectiveness of treating ADHD in other
countries

Several investigators have calculated the loss in income of an
untreated person with ADHD by summarizing the relevant
studies published in the US and in Europe.

Schlander et al., [45] evaluated the cost of medical care
(health care utilization) of children and adolescents in the
region of Nordbaden, Germany in 2003. He estimated that
the cost on medical care of a person with ADHD is more than
2.5 times higher than the cost of a person without ADHD. He
evaluated the direct cost to be in 2003 about 260 million Euro.
This is in addition to a relatively high indirect cost. The same
investigators then estimated [46] that the long—term treatment
with long-acting stimulants is highly cost-effective.

The cost of treatment of children and adolescents with ADHD
for the year 2005 in the US was calculated by Pelham et al.,
[47] from 13 published studies. They found that the health care
cost was 14,576 USD/individual and for the US it was 42.5
billion USD. They did not calculate the cost of increased crime,
substance abuse or involvement in car and other accidents, or
the loss of income because of lower education.

Doshi et al., [48] summarized the data of the annual cost in the
US among adults with ADHD from 19 studies published
between 1990-2011, and found that the excess annual cost on
children and adults with ADHD in the US (excessive expenses
on medical care and loss of productivity) was 143 to 266
Billion USD. About two thirds of the cost was on adults with
ADHD, especially due to loss of productivity. Indeed, the
productivity and income loss in the adults with ADHD was 87-
138 Billion USD annually.

Birnbaum et al., [49] calculated for the year 2000 the excess
cost in the US of ADHD treatment for persons aged 7-44
years, compared to non — ADHD people, considering direct
health care cost (medical care and cost of prescription drugs)
as well as work loss cost imposed on the family. They
calculated that the excess cost was 31.6 Billion USD. Of this,
the cost of the ADHD pharmacological treatment was relatively
small, only 1.6 billion USD, and 12.1 billion USD was for all
other medical care. The loss of income due to lower education

was not calculated.
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Le et al., [50] estimated the productivity losses of adults with
ADHD in Europe and in the Netherlands from studies published
between the years 1990-2013. They found that the annual
cost for an individual with ADHD ranged from 9,860 Euro to
14,483 Euro. In the Netherlands, the annual cost was 1.4-1.53
Billion Euro; about half of it was on education. They also found
that productivity loss in adults with ADHD in Europe was 143-
339 Billion Euros. All authors summarized their findings stating
that ADHD, if untreated, is a significant economic burden upon
any economy.

It is obvious from the data presented that the highest
contribution to the cost is the lower income and loss of
productivity that stems from the fact that people with ADHD
have a lower education.

We have to presume that good medical, educational and
psychosocial supportive treatment, especially during childhood,
can significantly improve school performance of the ADHD
children, thus increasing their future level of education and
income [51].

CONCLUSION

There are many serious complications of ADHD influencing
daily life of the affected person and its family. Hence, the cost
of ADHD for the economy is not only due to treatment but
mainly resulting from lower educational achievements, higher
involvement in crime, car accidents and substance abuse. Early
diagnosis and successful, long-term, treatment reduces the
extent of these complications resulting in a high benefit cost
ratio. Hence, routine screening at school, early diagnosis and
treatment are of prime importance. This can easily be done by
the wuse of DSM 5 questionnaire or by other
screening/diagnostic questionnaires filled out by the teachers,
and if ADHD is suspected, also by the parents. This will enable
the treating physicians to carry out proper diagnosis and offer
appropriate long-term follow up and treatment. Treatment
should be comprehensive including medication, parental
guidance, psychosocial and psychotherapeutic support as well
as remedial learning. It seems that such an approach is highly
cost effective and, in addition, will improve the educational,
social and behavioral achievements of persons with ADHD and
may also have a preventative role in relation to different

disorder or

psychiatric complications such as conduct

depression.
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