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Abstract

Background: Attention-deficit hyperactivity disorder (ADHD) is a condition which has been consistently
documented to impact educational outcomes. Children with ADHD are regularly found to have lower

educational attainment and increased likelihood of dropping out of school compared to children without
ADHD.

Objectives: To project the long-term societal economic consequences of reduced educational attainment,
as measured by total lifetime earnings, in an untreated cohort of individuals diagnosed with ADHD in
childhood, in Germany. In addition, this research aims at illustrating a cost-benefit analysis framework
which could be applied to economically appraise the rate of return from investments in hypothetical health
interventions targeting ADHD.

Methods: Observational ADHD evidence was collated with demographic and human capital economics
methods to quantify ADHD’s impact on educational attainment and long-term labour outcome in Germany.
The theoretical benefits deriving from effective interventions targeting ADHD were also quantified.

Results: It was estimated that the average per capita lifetime earning loss associated with ADHD was
€92,000 suggesting a societal loss of €2.93 billion from a single cohort (n=31,864). The benefit-cost analysis
suggested that reasonably effective intervention may justify considerable investment in ADHD targeted
intervention.

Conclusions: Considering the broad economic consequences of the condition might suggest that
interventions which change the life course of individuals with ADHD could offer cost-savings and influence
future economic outputs.

Keywords: Human capital, ADHD, burden of ADHD, economics, economic evaluation

"Unit of PharmacoEpidemiology & PharmacoEconomics, Department of Pharmacy, University of Groningen, The Netherlands; *Global
Market Access Solutions, St Prex, Switzerland; *Central Institute of Mental Health Mannheim, Department of Psychiatry & Psychotherapy,
Medical Faculty Mannheim, University of Heidelberg, Mannheim, Germany

*Corresponding author gl n.kotsopoulos@rug.nl

E 2013;1(3):212-2 opyright ublications www.jheot.or:
HEOR 2013;1(3 3 Copytight © 2013 .4? Publicati jh g



Journal of Health Economics and Outcomes Research Kotsopoulos N, e al.
_

1. Background

Several socio-demographic variables are deemed as potential determinants of a child’s future earnings. In
human capital economics, the most explored causal relationship is between earnings and quantity and/or
level of education attained."* Reduced school performance has some immediate societal cost implications,
but more importantly, reduced school achievement may reduce lifetime opportunities because of education-
linked wage effects that will persist over the course of life.** An individual’s cognitive development and
school performance is known to be influenced by a number of environmental factors. Recently, a set of
paediatric conditions has been identified as potentially negative influencers of performance.” In a review
of studies assessing the impact of paediatric conditions on school performance Karande and Kulkarni®
documented morbidity, neurobehavioral deficits and psychiatric disorders that may result in reduced
school performance. Most of the identified studies assessed the effect of medical conditions on school
performance and absenteeism whilst few studies assessed the resulting long-term educational attainment
and the long-term labour market outcome.

In children with asthma, a study of school achievement reported that although asthmatic children performed
as well as their healthy counterparts, there was evidence in labour market performance indicating that
individuals with asthma during childhood experienced disadvantages in later employment.” A review by
Milton and colleagues' reported that people with childhood-onset diabetes might experience disadvantages
in employment, and had a lower income in adulthood, although diabetic complications appeared to be the
most important determinants of social consequences in later life. In the area of infectious diseases, malaria
appeats to have life-long effects on cognitive development and on the education levels attained.'!*

A condition which has been clearly documented to impact educational outcomes is attention-deficit
hyperactivity disorder (ADHD). ADHD is a chronic neurobiological disorder described as a condition in
children and adults and characterised by a symptom cluster of inattention, hyperactivity and impulsivity
according to Diagnostic and Statistical Manual of Mental Disorders, 4™ Edition (DSM-IV) and International
Classification of Disease, 10" Revision (ICD-10) code criteria.””'® The disorder is relatively common with
estimated prevalence rates, in the United States and Germany, of 4-12% in children,' depending on the
diagnosis critetia applied, and has been shown to be above 4% in adults.'”'® The time to ADHD diagnosis
can often be delayed with estimates suggesting up to 18 months until diagnosis in some childhood cases,
and for ADHD adults, in the majority of cases no childhood diagnosis was reported."

Numerous studies have described the impact that ADHD can have on educational outcomes. In addition,
studies have demonstrated that different professional life courses are pursued by people with ADHD
diagnosed as children and with ADHD in adulthood. Children with ADHD are regularly found to have
lower educational attainment and increased likelihood of dropping out of school compared to children
without ADHD."?" A study of ADHD and non-ADHD individuals assessed the educational attainment
for a German, matched-controlled population.” The study aimed at systematically assessing the profile of
lifetime psychiatric comorbidity and psychosocial functioning in a German sample of adults with ADHD
compared to a population-based, gender- and age-matched control group and at examining whether patients
with ADHD and lifetime comorbid psychiatric diagnoses differed from patients with pure ADHD in their
psychosocial functioning. The study demonstrated that ADHD individuals had lower education attained
compated to non-ADHD individuals as well as a higher probability of being unemployed.”

Although reduced school performance in ADHD children has some immediate societal cost implications,
more importantly the costs of reduced long-term educational attainment may reduce lifetime opportunities
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for ADHD individuals because of education-linked wage effects that will persist over the course of life.>* In
addition to the effect of ADHD on educational attainment and lifetime earnings, studies have also shown
that ADHD may result in more costly health seeking behaviours compared to non-ADHD individuals.”
The resulting total societal burden may be high and may thus justify interventions eliminating the effect of
the condition on educational attainment.

By combining observational data with demographic methods and human capital economics it should be
possible to quantify the earnings loss associated with the condition’s impact on educational attainment
and investigate the theoretical benefits-cost deriving from effective interventions targeting ADHD. This
research aims to project the long-term societal economic consequences of reduced educational attainment,
as measured by total lifetime earnings, in an untreated cohort of individuals diagnosed with ADHD in
childhood compared with a control non-ADHD cohort, in Germany. In addition, this research aims at
illustrating a cost-benefit analysis framework which could be applied to economically appraise the rate of
return from investments in hypothetical health interventions targeting ADHD as well as other diseases that
may affect school performance.

2. Methods and Data

We based our burden of disease estimations on the established relationship between education and lifetime
earnings.”** To estimate the economic consequences of untreated ADHD we linked education- and
age-specific earnings in Germany to previously published data demonstrating differences in educational
attainment for untreated ADHD individuals compared with non-ADHD individuals.” Moreover, we
projected the earnings of untreated ADHD and non-ADHD individuals and conducted a cost-benefit
analysis of hypothetical interventions of varying costs and effectiveness of interventions targeting ADHD.
In order to project the future lifetime earnings of an average individual in Germany, we employed the
simplest form of the Mincer model, which is widely used in human capital economics." According to
the Mincer model, lifetime earnings are a function of schooling years and work experience (Equation 1).
It was considered that other explanatory variables of earnings such as gender, ethnicity, socio-economic
background and geography were identical for both untreated ADHD and non-ADHD individuals. A study
estimating the coefficients of a Mincer function for Germany was identified from the literature.”* The study
used the 1985-2001 German Socio-economic Panel study (GSOEP), a dataset consisting of individual
and household micro-data. The coefficient estimates of the identified Mincer model were subsequently
combined with educational attainment levels for ADHD and non-ADHD individuals. Earnings were
adjusted to reflect 2010 prices.

The educational attainment data were derived from an observational data reported for Germany by Sobanski
and colleagues.”” The study reported that 8.6% of untreated ADHD individuals held a university degree
and 61.4% graduated from occupational training whilst the rest completed secondary education. In contrast,
the corresponding figures for non-ADHD were 25.7% and 60%, for university and occupational training,
respectively. In addition, the study reported that unemployment rate was 25% higher for untreated ADHD
individuals compared with the control group. The projected earnings were adjusted for unemployment
using current age-specific unemployment rates in Germany accounting for 25% higher unemployment in
untreated ADHD individuals as previously described.”” Earnings were converted to 2010 at the current
annual cost inflation rate of 2.80%.% Individuals were assumed to enter the labour force at different ages,
based on their educational attainment and starting from the age of 18. The average retirement age was
considered to be 65 years which was the time horizon of this economic analysis. Both costs and benefits
were discounted at 1.75%.%
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A cohort demographic model was developed simulating the lifetime of untreated ADHD and non-ADHD
individuals. The model assumed identical survival probabilities for both cohorts which were, in turn,
obtained from the German life tables.” The prevalence of untreated ADHD in Germany' was applied to
an annual 2010 birth cohort” to estimate the size of the untreated ADHD and non-ADHD cohorts. By
combining the results of the Mincer model with the demographic cohort models, the Present Value (PV)
of total lifetime earnings were estimated for untreated ADHD and non-ADHD individuals (Equation 2).
Subsequently, the difference in PV of total lifetime earnings of untreated ADHD compared to non-ADHD
individuals was estimated (Equation 3). The difference between PV for ADHD and non-ADHD cohorts
represented the societal burden associated with ADHD in Germany from a single birth cohort.

Cost-benefit analysis of hypothetical interventions or educational programs targeting ADHD of varying
costs for a range of effects on educational attainment was explored to assess whether educational gains can
justify the program costs. In this context we evaluated any hypothetical program that influences educational
attainment in a matrix of costs and outcome benefits. Interventions’ duration was assumed to be 11 years and
the start age was set at 7 years. The total costs for a hypothetical program were summed and discounted to
reflect the PV of the investment at the age of delivery (Equation 4). For each hypothetical intervention, the
incremental PV of total lifetime earnings compared to untreated ADHD was derived. The latter increment
represented the benefit of the intervention. Subsequently, for each intervention a cost-benefit analysis was
conducted. The Net Present Value (NPV) associated with the program cost was calculated by subtracting
intervention costs from benefits (Equation 5). Benefits were defined in terms of increasing the percentage
attaining university degrees. In addition, a benefit-cost ratio was estimated (Equation 6).

_ 2
In'Y, =a + a School years + at + a.t (1)
Yie (1-Up
PViieoo. . 65 . 2
lifetime earningsi Z (1+7)t it 2)
SOCletal burdeﬂ Of ADHD - PVlifetime earnings without ADHD - PV lifetime earnings ADHD (3)
PV = y18 Ce S “4)
ADHD intervention costs — £i7 (1+n)t ADHD t
NPV intervention - (P lifetime earnings treated ADHD - PV lifetime earnings untreated ADHD) - PV ADHD intervention costs) (5)
Beneﬁt_COSt ratio = <PV lifetime earnings treated ADHD - PV lifetime earnings untreated ADHD) : PV ADHD intervention costs (6)
i ADHD status (with ADHD /without ADHD)
t Age (year)
a,a,a, The coefficient of the Mincer function for school years, age and age?, respectively
S, Survivors at age 7 based on ADHD status (with and without ADHD)
S oD Survivors with ADHD at age #
r Discount rate
Y, Earnings at age 7 based on ADHD status (with and without ADHD)

Unemployment rate at age #

ADHD intervention costs at age 7
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3. Results

Evidence for the adult epidemiology of ADHD in Germany,'® was used to estimate the presence of
ADHD in an annual birth cohort of 677,947, born in 2010. Adults’ epidemiology data were used since
this research aims to investigate the economic impact in ADHD in adult life. Hence, it was estimated that
31,864 will be diagnosed with ADHD. The number of ADHD diagnoses defined the cohort sizes for the
untreated ADHD and non-ADHD cohorts. Figure 1 shows the estimated age-specific earnings curves (in
2010 wages) for an average individual with and without ADHD. As a result of the higher probability of
higher educational attainment, a non-ADHD individual is expected to have higher earnings compared to an
average ADHD individual. Figure 2 illustrates the cumulative present value of earnings for the untreated
and non-ADHD cohorts. The PV of total lifetime earnings for the untreated ADHD and non-ADHD
cohorts were estimated at €34.03 billion and €36.96 billion, respectively. The results suggest that a single
birth cohort in Germany ADHD is expected to result in a societal loss of €2.93 billion, as defined by the
PV of total lifetime earnings.

Figure 1. Estimated Age-specific Annual Earnings of an Average ADHD and Non-ADHD Individual
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Figure 2. Cumulative PV of Total Annual Lifetime Earnings for a Cohort (n=31,864) of ADHD and Non-
ADHD Individuals
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In the observational study by Sobanski ez a/* it was reported that although individuals with ADHD had
approximately the same rate of completing occupational training, the proportion of individuals attaining a
university degree was considerably higher for non-ADHD individuals (8.6% versus 25.7%). It was therefore
assumed that an effective program targeting ADHD should increase the proportion of individuals
accomplishing university level education. We therefore hypothesised that interventions or educational
programs may benefit the educational mix of treated ADHD cohorts by increasing the proportion of
individuals attaining a university degree. For different proportional increases in the number of treated
ADHD individuals attaining university education and for various annual intervention costs, the NPV of
investing in treating ADHD was calculated. The resulting NPVs for the different scenarios are illustrated
in Table 1.

In addition, for each combination of effectiveness and annual cost the benefit—cost ratio was calculated Table
2 illustrates the resulting cost-benefit ratio. The results indicated that a small increase in university attendants
may result in positive social rate of return at a reasonable cost. The cost-benefit analysis scenarios based
on hypothetical education gains shows that a reasonably effective intervention (e.g. increasing university
degrees from 8% to 12% in treated ADHD individuals) may justify an investment of €1,900 per year per
ADHD individual and result in aggregate societal benefit.
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Table 1. Cost-benefit Analysis of Hypothetical Interventions: NPV* in Million Euros for different Annual
Costs and Improvements in Educational Attainment

Annual cost of treatment

€100 € 400 €700 € 1,000 €1,300 €1,600 | €1,900 | €2,200 | €2,500
-
£ 5% €16.7 €669 | -€150.5 | -€234.1 €262.0 | -€3156 | -€4292 | -€5128 | -£59.4
£
£
[1+]
= 10% £61.3 €223 | -€1059 | -€£1896 £217.4 | -€301.0 | -€3847 | -€4683 | -€551.9
-
=
W
E>3 20% £150.2 €666 | -€17.0 | -€100.6 €1285 | -€2121 | -€2957 | -€379.3 | -€462.9
‘=
A
£ ¢t 30% €239.0 €155.4 €718 €118 €397 | -€1233 | -€206.9| -€290.5 | -€374.1
2] =]
4] e
Qo >
S T
£ £ 40% £327.6 €2440 | €160.4 £76.8 £48.9 €347 | -€118.3 | -€201.9 | -€285.5
c 0
- T
§ )
e < 50% €416.1 €3324 | €2488 £165.2 £€137.3 €537 €299 | -€1135| -€1971
Q
= o
=
(8]
& 60% £504.3 €4207 | €337.1 £2535 £2256 £142.0 £58.4 €252 £108.9
@
‘Lﬂ
5
= 70% £502.4 €508.7 | €425.1 £341.5 £313.7 €230.0 £146.4 €62.8 €208
e
Q
-
@
=z 80% £680.2 €596.6 | €513.0 £429.4 £401.5 €317.9 £234.3 £150.7 £67.1

*NPV = Benefit of intervention in terms of the total lifetime earnings (Treated versus untreated ADHD cohort; n = 31, 864)
minus present value of intervention cost; derived from equation 5.

4. Discussion

Previous studies have reported that ADHD poses significant direct and indirect costs on the health service,
the subjects’ families and society. The study reported by Birnbaum® found that within a family with an
ADHD child, approximately 50% of all direct and indirect costs were incurred by family members other
than the ADHD subject. The study reported by Hakkaart-van Roijen ef a/* reported that annual direct
medical costs of ADHD were higher than those for children with other behavioural problems. Furthermore,
the indirect costs from lost productivity of the parents of ADHD children were shown to be comparable
to the direct health costs of treating the condition which were estimated to be €2,000 annually. Additionally,
studies have demonstrated that ADHD adults have significantly higher rates of absenteeism suggesting
that productivity losses are higher when compated with normal controls.”
informative, are limited because they fail to take into consideration the impact that ADHD can have on
future lifetime earnings and opportunities linked to educational attainment of persons with ADHD.”"* The
analysis described in this paper deviates from previous analyses describing the indirect costs of ADHD

Analyses such as these while

because it estimates costs due to reduced lifetime earnings linked to final education level achieved.

The analysis described here focuses on the broader societal impact of ADHD in Germany and estimates
the lost lifetime earnings linked to reduced educational attainment in a birth cohort of ADHD individuals.”’
The analysis reported focuses on the long-term impact of earnings losses attributed ADHD children as
they reach adulthood.
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Table 2. Cost-benefit Analysis of Hypothetical Interventions: Benefit-cost Ratio

Annual cost of treatment

€100 € 400 €700 € 1,000 €1,300 €1,600 | €1,900 | €2,200 | €2,500
=
S 5% 1.60 0.40 0.23 0.16 0.15 0.11 0.09 0.08 0.07
£
£
T
= 10% 3.20 0.80 0.46 0.32 0.29 0.23 0.19 0.16 0.14
>
£
w
§ 20% 6.29 1.60 0.91 0.64 0.58 0.46 0.238 0.32 0.28
K=
-
£ C 30% 9.58 2.39 1.37 0.96 0.87 0.68 0.56 0.48 0.42
8 T
v 2
[¥] =]
£ £ 40% 12.76 319 1.82 1.28 1.16 0.91 0.75 0.64 0.55
c 0
= I
b
2 < 50% 15.93 .08 2.28 1.59 1.45 1.14 0.94 0.80 0.69
Q
= Q
S
(S}
& 60% 19.09 4.77 273 1.91 1.74 1.36 1.12 0.95 0.83
Q
Jﬂ
=
2 70% 22.25 5.56 3.18 2.23 2.02 1.59 1.31 1.11 0.97
c
QU
>
a
£ 80% 25.41 6.35 2.63 2.54 2.31 1.81 1.49 1.27 1.10

*Benefit—cost ratio = Benefit of intervention in terms of the total lifetime earnings (Treated versus untreated ADHD cohort;

n=31, 864) divided by the present value of intervention costs. Derived from equation 6).

Theanalysis described here suggests an average lifetime earningloss of €92,000 perindividualand an aggregate
loss of almost €3 billion. As the analysis does not take into consideration the short-term losses attributed to
parental lost productivity caring for an ADHD child, the estimates provide here are likely underestimates.
Although, based on previous studies reporting the productivity losses for parents of ADHD children,
compared with per person costs described here, we believe that lost education linked earnings are more
substantial when compated to the episodic productivity losses for parents.”” Estimating the lifetime effect
of reduced educational attainment resulting from disease, on earnings, could be factored into a traditional
cost-benefit analysis. By generating measures typically used in the appraisals of public investments (i.c.
NPV and rate of return), health interventions could be compared to other publically funded investments.
Hence, the illustrated framework could be used in informing cross-sectorial resource allocation decisions.

There are several weaknesses to the modelling approach here that are worth considering. Namely, our analysis
is based on the evidence generated by one exploratory observational study in Germany assessing the effect of
ADHD on educational attainment thus, reflecting the local epidemiologic, social and economic characteristics.
Furthermore, a secondary estimation of education-specific earnings was used in the current research. In
addition, our analysis is based on the educational mix reported in that observational study since there is scarce
cross-sectional evidence on educational attainment with ADHD as a control variable. Given the long-term
horizon of this analysis, a modelling approach quantifying the economic impact of ADHD was considered
as the most appropriate approach for assessing the societal consequences of the disorder. The presented
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analysis is based on several long-term projections of volatile economic figures which inevitably introduce
the uncertainties commonly present in long-term forecasting economic and financial cost-benefit analyses.

The impact of social and health conditions on future earnings has been explored in previous economic
studies. A framework defining the relationship between adolescent health conditions and education
attainment was recently described by the World Health Organization Regional Office for Europe.” The
authors of this framework also defined the relationship between health conditions in adolescents, and how
reduced education influences future earning potential. To demonstrate this relationship, an analysis reported
by Renna e7 al. observed that excessive drinking amongst teens increased the probability of graduating late
from school, which can reduce future earnings resulting in an earnings loss of 1.5 — 1.8%.% In the spirit
of these previous studies which defined the relationship between health conditions, education and future
earnings, we sought to understand this relationship in ADHD and inform policy making in this area.

Healthcare resources are increasingly evaluated using cost-effectiveness analyses to estimate whether
interventions represent good use of resources compared with comparable interventions.” In the analysis
described here we deviate from this approach and seek to find whether investments in ADHD interventions
offer some societal benefit, by evaluating intervention costs using discounted cash flow approach to derive
the NPV of these investments. We demonstrate that hypothetical interventions or education programs
that cost less than €700 annually and improve graduation rates by 30% offer approximately €70 million in
discounted societal benefit (Table 1). It is worth noting that this approach underestimates the true benefits
of an intervention because it does not take into consideration cost offsets or short-term productivity gains
associated with parent work absenteeism, as well as the improved quality of life that is obtained from
improved symptom management. In this analysis we provide a wide range of hypothetical program cost
and education attainment scenarios so that a wide range of possibilities could be considered by policy
makers and educators.

The perspective applied in the analysis described here, estimates the societal losses linked to reduced
educational attainment, and the resulting wage penalty associated with reduced education. Whilst the
estimates described here are based on the Mincer function which links education to future earnings, it is
important to consider how these losses actually materialise in the real world. The underlying implication
of the analysis described here is that individuals do not achieve their full potential. The consequences of
this might be reduced productivity gains in society which influence wage and economic living standards. As
people earn less, this would lead to reduced consumption which impacts industry and capital formation.
While this is difficult to imagine at the individual level, when extrapolated to an annual birth cohort of
ADHD individuals over generations the consequences are likely substantial.

Across many industrialised countries, a demographic transition is taking place from an agrarian-based
economy with high fertility to that of industrialised and serviced based economies with low fertility and
low mortality.” This on-going demographic transition has brought to light many challenges faced by
industrialised economies as the number of future workers starts to decline.” In light of this transition,
increased importance has been placed on initiatives to improve productivity and economic growth as
the share of working aged adults starts to decline relative to those retited.”” An analysis in Europe has
stressed the importance of workers and human capital accumulation in the form of education and health
for enabling workers to maximise productive capacity in an era of ageing populations.” Hence, within this
policy imperative it is possible to position many healthcare and education programs which influence the
productive capacity of economies.”” ADHD is illustrative of the European policy imperative as a health
condition that influences both the short-term productivity of parents, and the educational attainment of
children which leads to long-term societal losses, in addition to the direct health costs of the condition.
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Considering the broad economic consequences of the condition might suggest that interventions which
change the life course of individuals with ADHD could offer both cost-savings and influence future
economic outputs.

Conflict of Interest Declaration

The work described here was conducted to fulfil doctoral requirements for Nikolaos Kotsopoulos. The
work conducted by Nikolaos Kotsopoulos and Dr. Mark Connolly was supported by a grant from Shire
Pharmaceuticals in Switzetland.

The other authors declare no conflicts of interest in relation to the work described here and hold no
shares in the sponsoring organisation. PD Dr. E. Sobanski and Professor M.]. Postma received no financial
remuneration for their scientific contributions to this work.

Esther Sobanskiis a member of scientific advisory boards for Eli Lilly, Medice, Shire, and Janssen-Cilag, Shire
Pharmaceuticals reviewed and edited the manuscript for scientific accuracy. Although Shire Pharmaceuticals
was involved in the topic concept and fact checking of information, the content of this manuscript, the
ultimate interpretation, and the decision to submit it for publication in Education Economics was made by
the authors independently.

References

' Mincer J: Schooling, experience and earnings. Columbia University Press; 1974

> Grossman M: The correlation between health and schooling: Household production and

consumption. In Terleckyj NE, ed. Studies in income and wealth, Vol. 40. New York, NY, Columbia
University Press; 1975.

Psacharopoulos G, Layard R: Human capital and earnings: British evidence and critique. Review of
Economic Studies. 1979;46(3):485-503.

Psacharopoulos G: Returns to education: an updated international comparison. Comparative
education. 1981;17(3):321-41.

Becker GS: Human capital: A theoretical and empirical analysis, with special reference to
education. Chicago: University of Chicago Press; 1964.

® OECD: Lifelong Learnings and Human Capital. http://www.oecd. org/dataoecd/43/50/38982210.
pdf. Accessed October 24, 2011.

Suhrcke M, de Paz Nieves C: The impact of health and health behaviours on educational outcomes
in high income countries: a review of the evidence. http://www.ecuro.who.int/__data/assets/pdf_
file/0004/134671/e94805.pdf. Accessed October 9, 2012.

¥ Karande S, Kulkarni M: Poor school performance. [ndian | Pediatr 2005;72(11)961-7.

’ Milton B, Whitehead M, Holland P, Hamilton V: The social and economic consequences of childhood
asthma across the lifecourse: A systematic review. Child Care Health Dev 2004;30(6):711-28.

" Milton B, Holland P, Whitehead M: The social and economic consequences of childhood-onset
Type 1 diabetes mellitus across the lifecourse: A systematic review. Diabet Med 2006;23(8):821-9.

" Barofsky JC, Chase C, Anekwe T, Farzadfar F: The economic effects of malaria eradication: Evidence
from an intervention in Uganda. http://www.hsph.harvard.edu/pgda/workinghtm. Accessed October
27, 2011.

www.jheor.org Copyright © 2013 4? Publications JHEOR 2013;1(3):212-23



Kotsopoulos N, ¢ al. Journal of Health Economics and Outcomes Research
e ——

2 Kere NK, KeniJ, Kere JF, eza/: The economicimpact of Plasmodium falciparum malaria on education
investment: A Pacific Island case study. Southeast Asian | Trop Med Public Health 1993;24(4):659-63.

" American Academy of Pediatrics: Clinical practice guideline: diagnosis and evaluation of the child
with attention-deficit/hyperactivity disordet. Pediatrics 2000;105(5):1158-70.

" American Psychiatric Association: Diagnostic and statistical manual of mental disorders. 4th ed.
Washington DC; 2000.

P World Health Organization: ICD-10 Classifications of mental and behavioural disorder: Clinical
descriptions and diagnostic guidelines. Geneva; 1992.

' Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LLA: The worldwide prevalence of ADHD:
A systematic review and metaregression analysis. A» | Psychiatry 2007;164(6):942-8.

"Kessler RC, Adler L, Barkley R, ¢# a/: The prevalence and correlates of adult ADHD in the United
States: results from the National Comorbidity Survey Replication. A | Psychiatry 2006;163(4):716-
23.

¥ de Zwaan M, Gruss B, Muller A, ¢f a/- The estimated prevalence and correlates of adult ADHD in a
German community sample. Exr Arch Psychiatry Clin Neurosci 2007;262(1):79-86.

" Biederman J, Faraone SV: The effects of attention-deficit/hyperactivity disorder on employment
and household income. Med Gen Med 2006;18:8-12.

% Sobanski E, Bruggemann D, Alm B, ¢# a/- Psychiatric comotbidity and functional impairment in a
clinically referred sample of adults with attention-deficit/hyperactivity disorder (ADHD). Eur
Areh Psychiatry Clin Neurosc: 2007;257(7):371-7.

2 Matza LS, Paramore C, Prasad M: A review of the economic burden of ADHD. Cost Effectiveness
and Resource Allocation. http://www.resource-allocation .com/content/pdf/1478-7547-3-5.pdf.
Accessed October 15, 2011.

> Schlander M, Schwatz O, Trott EG, Viapiano M, Bonauer N. Health service expenditures for patients
with a diagnosis of attention-deficit/hyperactivity disorder (ADHD) in Germany — An age and
gender specific analysis. ["a/ue in Health 2008;11(6):A588.

» Lauer C, Steiner V: Returns to human capital in Germany: Review of the empirical literature. In:
Pereira PT, Asplund R, editors. Returns to Human Capital in Europe, A Literature Review. Helsinski: 125-
146; 1991.

# Amermueller A, Weber MA. Educational attainment and returns to education in Germany. ZEW -
Centre for European Economic Research Discussion Paper No. 05-017 http://sstn.com/abstract=711063
ot http://dx.doi.org/10.2139/ssrn.711063. Accessed October 14, 2011.

» Eurostat. Inflation Dashboard. http://epp.Eurostat.ec.europa.cu/inflation_dashboard/. Accessed
October 15, 2011.

% European Central Bank. Key monetary rates. www.ecb.int/stats/monetary/rates/html/indexen.html.
Accessed September 5, 2011.

*’ Statistisches Bundesamt Deutschland: Births and deaths. www.destatis.de Accessed September 5, 2011.

* Birnbaum HG, Kessler RC, Lowe SW;, ¢ a/: Costs of attention deficit-hyperactivity disorder (ADHD)
in the US: excess costs of persons with ADHD and their family members in 2000. Curr Med Res
Opin 2005;21(2):195-2006.

JHEOR 2013;1(3):212-23 Copyright © 2013 _4* Publications www.jheor.org



Journal of Health Economics and Outcomes Research Kotsopoulos N, ¢ al,
_-- - -

* Hakkaart-van Roijen L, Zwirs BW, Bouwmans C, ¢# a/: Societal costs and quality of life of children
suffering from attention deficient hyperactivity disorder (ADHD). Eur Child Adolesc Psychiatry
2007:16(5):316-26.

¥ Secnik K, Swensen A, Lage MJ: Comorbidities and costs of adult patients diagnosed with attention-
deficit hyperactivity disorder. Pharmacoeconomics 2005;5;23(1):93-102.

' Mannuzza S, Klein R, Bessler A, Malloy P, Hynes M: Educational and occupational outcome of
hyperactive boys grown up. | Am Acad Child Adolesc Psychiatry 1997;36:1222-7.

2 Bussing R, Mason DM, Bell L, Porter P, Garvan C: Adolescent outcomes of childhood attention-
deficit/hyperactivity disorder in a diverse community sample. | A» Acad Child Adolesc Psychiatry
2010;49(6):595-605.

* Renna F: The economic cost of teen drinking: late graduation and lowered earnings. Health Fcon
2007;16(4):407-19.

* Drummond MFE, O’Brien B, Stoddart GL, Torrance GW: Methods for the economic evaluation of
health care programmes. 2nd ed. Oxford: Oxford University Press; 1997.

» Bongaarts J: Human population growth and the demographic transition. Phi/ Trans R Soc B
2009;364(1532):2985-90.

% Bloom DE, Canning D, Fink G: Implications of population ageing for economic growth. Oxford Rev
Econ Policy, Oxford University Press, 2010;26(4):583-612.

7T Prskawetz A, Mahlberg B, Skirbekk V, Freund I, Winkler-Dworak M: The impact of population ageing
on innovation and productivity growth in Europe. Research Report 28: http://193.170.80.15/vid/
download/FB%2028.pdf. Accessed October 11, 2012.

* Suhrcke M, McKee M, Arce RS, Tsolova S, Mortensen J: The contribution of health to the economy
in the European Union. Belgium: European Communities, 2005. http://ec.ecuropa.cu/health/ph_
overview/Documents/health_economy_en.pdf. Accessed October 15, 2012.

Pvan Zon A, Muysken J: Health as a principle determinant of economic growth. In: G. Lopez-
Casasnovas, B. Rivera and L. Currais (eds.) Health and Economic Growth: Findings and Policy
Implications. Cambridge, MA: The MIT Press; 2005.

www.jheor.org Copyright © 2013 4? Publications JHEOR 2013;1(3):212-23



