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INTRODUCTION

TOWARDS A RE-THINKING OF THE QUANTIFICATION OF 
COSTS AND BENEFITS IN HEALTH CARE DECISION MAKING

Economic evaluation methods in health care 

The relationship between health and economic growth is one of the 
cornerstones of development economics. Apart from the obvious reductions 
in health care budgets as a result of “good health”, there are several other 
channels through which health infl uences economic growth. The most 
profound mechanisms with which “good health” may boost economic growth 
is through increased productivity and improved educational outcomes. 
Health is an important component of human capital. Healthy workers are 
physically and mentally more energetic, more productive, less absent from 
work and less likely to be employed part-time or to face disabilities whilst, 
healthy workers earn higher wages1. Thus, “good health” is a determinant of 
productivity which can be shown to infl uence economic growth. Similarly, 
healthy childhood may result in better educational attainment which, in the 
long-term, yields signifi cant productivity growth and higher earnings1. 

On one hand economic growth and public investments in health care 
infrastructure have led to the improvement of health status, on the other hand, 
pressures to fi nances have been put. Increasing longevity is one of the reasons 
often reported to contribute in the rise of costs. However, health expenditures 
are rising as a result of several other reasons including, higher incomes; new 
technologies and medical progress; ineffi  cient organization and fi nancing of 
health care systems; higher relative prices for health care inputs; increasing 
expectations of populations2. Acknowledging the scarcity of resources, cost 
pressures mandate rationalization and attainment of economic effi  ciency. 

In the past decades, economic evaluations in health care have been a valuable 
tool for identifying effi  cient allocations of resource and have informed 
resource allocation decision making. The rationale behind conducting 
economic evaluations is to aid decision making with the goal of maximizing 
economic effi  ciency from a given budget3. Effi  ciency is a relative concept. It 
is an indicator of success and a comprehensive measure of the performance 
of a production unit. Effi  ciency is defi ned by comparing its input and output 
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to those of the best performing of its peers e.g. a novel therapy versus the 
current standard of care. In other words, effi  ciency is defi ned by comparing 
observed to optimal productive performance.

Effi  ciency has diff erent concepts. The commonest effi  ciency concept 
is technical effi  ciency. Traditional economic evaluations in health care 
address mainly the issue of technical effi  ciency. Technical effi  ciency refers 
to the conversion of inputs into outputs relative to best practice. Technical 
effi  ciency refers to the ability of a production unit to avoid waste of resources 
by producing as much output as input allows, or by using as little input as 
output production allows. 

Allocation (or price) effi  ciency refers to whether inputs, for a given level of 
output and set of input prices, are chosen to minimise the cost of production, 
assuming that the producer, being examined, is already fully technically 
effi  cient. Thus, allocative (or price) ineffi  ciency occurs when inputs are 
employed in wrong proportions, with respect to their prices. Overall (or 
cost) effi  ciency exists when a producer is simultaneously technically and 
allocatively effi  cient. Finally, scale effi  ciency relates to a state, at which 
production takes place in optimal size units. The decomposition of effi  ciency 
described above is summarised in Figure 1. Economic evaluation methods 
of health care technologies may partly or fully address the aforementioned 
economic concepts of effi  ciency depending on the metrics they use.

Figure 1 Economic evaluation methods and effi  ciency

Overall (Cost) Efficiency

Technical Efficiency Allocative (price) Efficiency

Pure
Technical
Efficiency

Scale
Efficiency

Economic evaluations of health technologies, traditionally quantify the 
cost-eff ectiveness or cost-utility of a new technology against a comparable 
intervention3. Hence, economic evaluations tend to quantify the benefi ts 
and costs of therapeutic or preventative interventions from the narrow 
perspective of the health services. In several cases, a societal perspective is 
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considered after taking into account productivity losses, in terms of sickdays 
and costs that diseases incur to caregivers. Costs are typically expressed as 
the diff erential of a novel therapy or health intervention with the costs of the 
current standard of care or compared to no intervention. Notwithstanding 
the diffi  culties in expressing benefi ts in monetary terms, cost benefi t analysis 
(CBA) is deemed as the most comprehensive method for addressing allocation 
effi  ciency. Moreover, the results of CBA enable comparisons with other 
publicly funded investments in the fi elds of health care or more widely.

Conventional economic evaluations mainly address the issue of technical 
effi  ciency from the perspective of the health care system. Hence, they may 
inform decision within a certain budget and do not facilitate cross-sectorial 
resource allocation. An important caveat of adopting a conventional economic 
evaluation framework (i.e. cost-eff ectiveness analysis) is the limited ability 
of the analysis to encompass and quantify wider consequences. Despite the 
magnitude of the broader benefi ts and their importance for the society and 
the governmental health care and social insurance budgets, such narrow 
analyses consider wider consequences as intangible and unquantifi able. 
For example, in children, a preventable or treatable disease may be linked 
to a neurological sequel, resulting in cognitive impairment and poor school 
performance. School performance and educational attainment, in turn, have 
been reported to have a well-established causal relationship with lifetime 
labour market outcomes i.e probability of employment and lifetime earnings4. 

Furthermore, the improvement of health conditions or the prevention of 
diseases may have behavioural eff ects that, in turn, may alter economic 
decisions (i.e increased consuming, investment behaviour and capital 
formation through savings) that encourage long-term economic sustainability 
and growth5. Figure 2 illustrates a potential range of narrow and wider 
benefi ts arising from preventive health interventions such as immunizations 
that conventional economic evaluations may fail to capture. 

The caveats of conventional economic evaluations are more prominent with 
immunizations against infectious diseases5. The benefi ts of immunizations 
may take years to materialize and in many cases are attributed to externalities. 
Apart from infectious diseases, several chronic diseases may not only 
negatively impact health care service budgets, but may also undermine 
governments’ future expenses and revenues. Expenses would include a 
number of allowances (e.g. housing and disability benefi ts and special 
schooling) whereas reduced lifetime earnings would yield less governmental 
revenues in terms of future tax. 
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Figure 2 Narrow and wide health benefi ts quantifi ed in CBA
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Approaching economic evaluations in health care from a broad perspective 
that accounts for a considerable proportion of both immediate and broader 
health benefi ts and externalities, requires a new conceptualization and 
quantifi cation of benefi ts5. By adapting a wider societal perspective, broader 
economic analyses have quantifi ed the burden of several chronic and 
infectious diseases and subsequently the broader benefi ts of treatments 
and or preventive measures. These analyses suggest that the employment of 
additional methods to traditional economic evaluations are required in order 
to capture the economic consequences of diseases and therefore the benefi ts 
of therapeutic and preventive interventions.

The adoption of a societal perspective may inform the quantifi cation of 
the burden of disease however, it may not capture the benefi ts for the 
governmental budget. Moreover, it is increasingly recognized that diseases 
resulting in individuals withdrawing from the workforce, working ineffi  ciently 
(i.e presenteeism), retiring or dying prematurely has, apart from societal, 
important fi scal consequences for governments6, 7.
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Furthermore, ageing poses two sets of fi scal pressures to publicly fi nanced 
health care systems, namely, decreasing income, and increasing health care 
resource utilization. Fiscal loss associated with ill-health, disability, premature 
retirement and mortality pose a considerable burden on central and regional 
governmental budgets. The fi scal consequences of diseases and subsequently 
the fi scal benefi ts of health care interventions are largely ignored, despite 
their importance for the long-term sustainability of tax-funded health care 
and social protection systems. 

The economic theory off ers a range of methods for quantifying the fi scal 
consequences of health and health care interventions. These methods may 
quantify the government perspective or fi scal consequences of government 
funded health care interventions and inform resource allocation decisions, 
both within and outside the health care public budgets. In light of the above, 
this Thesis aims at identifying novel methodologies and analytic frameworks 
for quantifying the fi scal impact of diseases and of therapeutic and/or 
preventive health care interventions. 

In what follows, a short review of infectious and chronic conditions with a 
broader impact is presented. In the subsequent sections of this Thesis case 
studies from immunizations and Attention-Defi cit-Hyperactivity Disorder 
(ADHD) are presented wherein, the broader economic and fi scal consequences 
of health care interventions are quantifi ed. 

Infectious diseases with broader consequences 
Several broader economic evaluations suggest that a proper accounting of the 
impact of immunizations against infectious disease require an understanding 
of the broad scope of immunization-mediated benefi ts5. These studies suggest 
that ignoring the wider benefi ts of immunizations may lead to ill-informed 
decisions on vaccine adoption and thus, a broader perspective should be 
taken in the economic evaluations.

Bloom et al. quantifi ed the broader economic impact of immunizations by 
linking the survival benefi t resulting from several paediatric immunizations 
and the relationship between health status, adult height and wages in order 
to estimate the return on investment (ROI) of a GAVI childhood immunization 
program8. The research projected that increasing childhood vaccinations’ 
coverage would result in the increase of adult life expectancy by half a year 
initially and by one and a half years by 2020. Using macroeconomic methods for 
population-based economic projections, Bloom and colleagues estimated that a 
paediatric vaccination program would have a return on investment (ROI) of 18% 
by 20208. The projection of the benefi ts employed a previous macroeconomic 
research showing the positive relationship between economic growth and social 
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infrastructure which, in turn, includes health care9. In a similar analysis, in 
the Philippines it was found that vaccination signifi cantly improved cognitive 
development as measured by language, mathematical, and non-verbal reasoning 
test scores. Translating cognitive gains due to childhood vaccination into adult 
income was expected to yield a positive rate of return9. 

Lucas (2010) assessed the impact of malaria eradication on educational attainment. 
Using data from Sri Lanka and Paraguay, malaria eradication increased the years 
of educational attainment and literacy10. The study reported that eradicating 
malaria would yield gains in GDP per capita of $15 to $75 through the education 
channel alone. Based on the estimated cost of a long lasting insecticide treated 
bed net of $10, the results suggested that a highly positive benefi t: cost ratio, 
attributable to the educational eff ect only, may be attained.

Chronic diseases with broader consequences
There is a plethora of evidence in the literature, across several therapeutic 
categories, demonstrating the broader societal and economic burden of 
chronic diseases. The burden of chronic diseases may be linked not only to 
the diseased individual but may extend to the caregiver i.e family members, 
parents and spouses. 

Numerous studies have described the impact that ADHD can have on 
educational outcomes. For example, children with ADHD are regularly found 
to have lower educational attainment, increased likelihood of dropping out of 
school and grade retention compared to children without ADHD11-15. Although 
reduced educational performance in ADHD children has some immediate 
societal cost implications, the costs of reduced educational achievement may 
impair lifetime opportunities for ADHD individuals because of education-
linked wage eff ects that will persist over the course of life11.

Rheumatoid arthritis is another potential source of considerable disability 
and reduced productivity in terms of sickdays and increased unemployment. 
A retrospective, cross-sectional study in the US quantifi ed that the annual 
earnings losses of rheumatoid arthritis ranged between $2,319 and $3,40716. 
Similar results were produced by another US study, which from the Medical 
Expenditures Panel Study (MEPS) estimated the loss of earnings among 
working-age adults with arthritis and other rheumatic conditions (ages 
18–64 years)17. 

Moreover, psychiatric disorders have been shown to result in negative 
economic and educational outcomes. A UK study reported that psychiatric 
disorders in adolescents were associated with reduced workforce 
participation, lower income and lower economic living standards at age 
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3018. Moreover, the study projected a higher probability for adolescents with 
psychiatric disorders to be employed part-time, dependent on social security 
and benefi ts, to have lower incomes and living standards and to have less 
educational attainment. Several other studies reported a considerable loss of 
human capital for individuals with an early-onset chronic depression19-20.

Furthermore, an important intergenerational component on the relationship 
between socioeconomic status and health exists. A recent US study reported 
that individuals, whose parents were relatively healthy during their early 
life, showed higher college completion rates21. From a parent’s or caregiver’s  
perspective, children’s’ or spouses’ health may result in reduced employment 
rates and earnings22-24. Mothers of children with autism spectrum disorders 
were reported to earn 35% less than the mothers of children with another health 
limitation and 56% less than the mothers of children with no health limitation25. 

In the present Thesis, a quantitative analytic methodological framework for 
assessing the broader economic and government perspective of health conditions 
and the broader benefi ts of therapeutic interventions and immunizations is 
presented. Case studies relating to paediatric conditions and adolescent and 
adult vaccinations are presented. In addition, a critical appraisal of the economic 
evaluation methods is conducted. The observed gap between microeconomic 
and macroeconomic methods is analysed with the aim to identify methods 
adequately refl ecting the broader economic benefi ts of health interventions. 
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RESEARCH OBJECTIVES

In Part I of this Thesis a quantitative analytic methodological framework for 
assessing the government perspective or fi scal impact of health conditions 
and the fi scal benefi ts of therapeutic interventions and immunizations, is 
presented. The framework is discussed “vis a vis” the limitations of traditional 
economic evaluation approaches in considering how changes in health status 
change productivity and consequently future government tax revenue, tied to 
productive labour output. Case studies relating to paediatric conditions, with 
cognitive defects and negative impact on educational attainment are presented. 
The framework links diff erences in educational attainment to education-
specifi c wages, and in this respect education also infl uences future government 
tax revenue.

Part II of this Thesis applies the method to paediatric, adolescent and adult 
vaccinations. The aim of the fi rst case study is to estimate the fi scal impact 
of changes in morbidity and mortality attributed to rotavirus immunization 
in Ghana and Vietnam. The fi rst case study aims to quantify the impact of 
rotavirus morbidity and mortality on lifetime productive capacity and related 
tax transfers, and demand for government transfers in relation to education and 
health care in immunized and non-immunized cohorts. The second case study 
presented quantifi es the cost and benefi ts of HPV immunization of 12-year 
old males and females in Germany. This study conducts a societal and fi scal 
CBA to estimate the ROI of investing in immunization in order to prevent HPV-
related cancers. The third case study of Part II aims to produce a CBA of adult 
immunizations, against 7 vaccine-preventable diseases in the Netherlands from 
a governmental perspective. Based on the assumption of the residual societal 
and fi scal value of working-aged adults the study aims to project the lifetime 
gross tax benefi ts from preventing mortality and morbidity from infections that 
adult populations are susceptible to.

Part III of this research aims to quantify the broader benefi ts of treating ADHD 
in Germany. The fi rst study implements a government perspective framework 
to estimate the long-term fi scal consequences of ADHD on the German 
government and social insurance system based on diff erences in educational 
attainment and the resulting diff erences in lifetime earnings compared with 
non-ADHD cohorts. The second ADHD study’s objective is to project the long-
term societal economic consequences of reduced educational attainment, 
as measured by total lifetime earnings and aims at conducting a CBA to 



economically appraise the rate of return from investments in hypothetical 
health interventions targeting ADHD. 

Finally, in the Discussion and Synthesis of this Thesis, a critical appraisal 
of the methods that the economic theory provides us with is conducted. 
The observed gap between micro and macro estimates attributed to health 
is analysed with the aim to suggest methods for bridging this void and for 
adequately refl ecting the broader economic benefi t in economic analyses.





 Part I

  A fi scal quantitative analytic 

framework of assessing 

health care interventions





THE FISCAL CONSEQUENCES OF HEALTH AND 
INVESTMENTS IN HEALTH CARE: A QUANTITATIVE 
“GOVERNMENT PERSPECTIVE” ANALYTIC FRAMEWORK

Nikolaos Kotsopoulos
Mark P. Connolly
Maarten J. Postma

Paper presented in 2012 Health Economics Study Group (HESG) Oxford, UK

Summary 
We describe a methodological framework for assessing the impact of health 
conditions on government tax revenue. Traditional approaches for evaluating 
health programs focus on health service and societal perspectives. These 
frameworks are limited because they fail to consider broader impacts of 
how changes in health status change productivity and consequently future 
government tax revenue tied to productive labour output. To present our 
framework we explore the case of paediatric conditions which result in cognitive 
defects that, in turn, impact educational attainment. Educational attainment is 
considered an explanatory variable of earnings whereas government tax revenue 
is dependent on earnings. The framework links diff erences in educational 
attainment to education-specifi c wages, and in this respect education also 
infl uences future government tax revenue. The method originates from 
human capital economics and generational accounting used by governments 
to investigate intertemporal budget constraints. Direct and indirect tax rates 
are linked to diff erences in lifetime education specifi c earnings to quantify the 
tax revenue associated with individuals with and without paediatric conditions 
with potential cognitive impairments. The proposed framework allows the 
inclusion of government transfer payments to enable quantifi cation of the net 
tax revenue linked to these conditions. Cohort models can then be constructed 
to assess, for single and multiple cohorts, the fi scal burden. 

Findings 
The framework can be used to assess the rate of return from investments in 
interventions targeting at the condition and infl uence education and future 
productive labour. The presented framework may inform policy analysis 
with respect to resource allocation and funding and provides a tool for 
cross-sectorial comparisons. This framework integrates program analysis 
with fi scal accounting to estimate how investments in health care infl uence 
future government tax revenue and thus, it is relevant to tax-fi nanced health 
systems concerned about sustainability of public fi nances. 
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Background
Economic evaluations of health care technologies, traditionally quantify the 
cost-eff ectiveness or cost-utility of a new technology against a comparable 
intervention1. The rationale behind conducting economic evaluations is 
to aid decision making with the goal of maximizing health benefi ts from a 
given budget 2. Brouwer and Koopmanschap in their work on the foundations 
of economic evaluation reported that from the welfarists’ point of view, a 
consistent method for conducting an evaluation is by using willingness to pay 
(WTP) and cost-benefi t analysis (CBA). When the more pragmatic decision 
maker’s approach (DMA) is used, one may consider economic evaluation as an 
imperfect aid to decision making3. As such, the authors noted that economic 
evaluations aim at informing decision making by being factored into a multi-
criteria decision making process rather than ‘prescribing’ to the budget 
holder an optimal allocation of resources. The majority of recent economic 
evaluations attempt to address the issue of effi  cient use of health care 
resources mainly from the perspective of the health service. Furthermore, 
several economic studies assess the broader societal impact of diseases by 
quantifying not only quality adjusted life years (QALYs) or disability adjusted 
life years (DALYs) but also factors such as productivity losses attributed to 
mortality and/or morbidity. 

It is increasingly recognised that diseases resulting in individuals withdrawing 
from the work force, working ineffi  ciently (i.e presenteeism), retiring or dying 
prematurely can also impact governments4. Specifi cally, tax revenue loss 
associated with ill-health, poses a considerable burden on central and regional 
governmental budgets suggesting a cross-sectorial negative impact of disease. A 
report commissioned by the UK government, describing the impact of ill health 
in working aged adults, suggested that health care costs of illness represented 
only 8-15% of total government costs. The fi ndings of the report suggest that 
applying a health service or societal perspective analytic framework to evaluate 
health, in working-age adults, would not take into account approximately 90% 
of costs that fall on the UK government5. Hence, economic assessments focusing 
solely on the health service cost may underestimate the economic impact of 
disease to governments. It should be feasible to quantify the tax revenue loss 
associated with the mortality and morbidity of diseases and subsequently 
provide governments with an additional criterion in the health care resource 
allocation decision making process. 

In non-working age individuals, such as paediatric patients, the estimation 
of the lifetime economic consequences of disease, irrespective of analytical 
perspective, is diffi  cult as it requires long-term projections. Nevertheless, 
several paediatric conditions are deemed as having an independent relationship 
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with diminished school achievement6. Studies of school achievement found 
that children with asthma performed as well as their healthy peers however, the 
evidence on labour market performance showed an indication that individuals 
with asthma during childhood experienced disadvantage in later employment7. 
School attendance was reported to be diminished among children with asthma 
from deprived areas as well as for minority ethnic children7. A review by 
Milton and colleagues8 reported that people with childhood-onset diabetes 
might experience disadvantage in employment, and had a lower income in 
adulthood, although diabetic complications appeared to be the most important 
determinant of social consequences in later life. Numerous studies have also 
described the impact that ADHD can have on educational outcomes. Children 
with ADHD are regularly found to have lower educational attainment, increased 
likelihood of dropping out of school and grade retention compared to children 
without ADHD9, 10. In the area of infectious diseases, malaria appears to have 
life-long eff ects on cognitive development and the education levels attained as 
a result of malaria-induced anaemia and the subsequent time lost to illness in 
the classroom11, 12.

Although, 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 attained13-15. Reduced school performance has some 
immediate societal cost implications but more importantly, reduced school 
achievement may reduce lifetime opportunities because of education-linked 
wage eff ects that will persist over the course of life. The relationship between 
earnings and tax revenue is intuitive especially in progressive tax systems. 
Thus, preventing or reducing the paediatric conditions that negatively impact 
school achievement may translate into tangible and quantifi able, long-term 
fi scal benefi ts for the government. 

We hereby present a methodological quantitative analytic framework for 
assessing the fi scal impact of paediatric conditions or diseases which are 
responsible for cognitive defects and result in reduced school achievement. 
Moreover, we present two applications of the method. The fi rst case study 
applies the framework to estimate the burden of type 1 diabetes for the UK 
government for a single birth cohort over lifetime. The second case study 
assesses, for a single birth cohort, the government benefi ts from introducing a 
hypothetical vaccination programme against malaria in a developing African 
country (Ghana). The proposed framework combines methods from human 
capital economics theory and generational accounting. The framework’s 
outputs consist of measures commonly used in fi nancial economics and cost-
benefi t project appraisals. 
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Quantitative analytic framework 
The generational accounting theory was developed by Auerbach, Gokhale, 
and Kotlikoff  as an intergenerational framework to evaluate the fi scal 
consequences of government policy decisions16. As applied in the generational 
accounting modelling framework, fi nance sustainability is infl uenced by two 
opposing population forces that infl uence government expenditure and tax 
revenues. As populations age, the opposing forces include economic growth 
infl uenced by labour market participation, and age-related expenditure17. 
By viewing opposing fi scal forces over the life course, it is possible to see 
how changes in population health status can infl uence the government 
balance sheet by increased transfer payments and reduced tax receipts. Over 
the course of life, individuals at diff erent stages of life can be recipients of 
government transfer payments, as well as transferring wealth to government 
in the form of various taxes. By understanding the fi scal transfers between 
individuals and government, it is possible to derive a net fi scal position of 
an individual at any stage of life by deducting age-specifi c gross transfer 
payments from age-specifi c gross taxes (equation 1). 

= ∑
( )

  (1)

Where Le: Life expectancy; i: disease status; and in year t 

=  (  ) +   (  )  +

 (2)

= + +    +  (3)  

Hence for individuals with and without a paediatric disease, a fi scal NPV can 
be quantifi ed indicating the lifetime fi scal burden of the condition. Similarly, 
a fi scal NPV corresponding to a diseased individual receiving treatment can 
be calculated by taking into account the cost and effi  cacy of treatment. The 
cost of the intervention would add up to health costs while effi  cacy can be 
refl ected either as increase in survival or reduction in morbidity. By taking 
into account the costs of treatment and the benefi ts in terms of increased tax 
revenue, the rate of investment (ROI) for the government from investing in 
the treatment of a paediatric disease can be calculated. 

In order to quantify the lifetime tax of an individual modelling the future 
labour market is required. In particular, a projection of education-specifi c 
lifetime earnings is needed. Diff erences in educational attainment between 
individuals with and without the disease and between individuals receiving 
treatment are expected to produce diff erent lifetime earnings. Several national 
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statistical agencies report aggregate, age and education specifi c earnings. In 
addition, household surveys often report panel micro-data for constructing the 
fi scal life course. Recently, observational studies have attempted to explore the 
relationship between diseases, school achievement and lifetime earnings9, 18. 
Data from all these sources may be used to either interpolate or econometrically 
project the lifetime earnings’ curves of diff erent groups of individuals. 

In human capital economics the model proposed by Mincer13 has been widely 
used to project an individual’s lifetime earnings based on the level or the 
quantity of education. In its simplest form, the Mincer model predicts the 
logarithm of earnings as a function of schooling years, work experience and 
squared work experience. Other explanatory socio-demographic variables, 
such as ethnicity, economic status of parents, and distance from educational 
infrastructure may also be incorporated. The simplest form of the Mincer 
function is shown in equation 4. 

ln = + + +  (4)

Where Y
ti

Where Y
ti

Where Y  is the annual wage (or earnings) of an individual in year t with 
disease status i (i.e diseased or disease-free), 𝛼

0i
−𝛼

3
i regression coeffi  cients 

and X
1
, X

2
correspond to schooling years and age (or experience), respectively. 

Hence, by estimating the coeffi  cients of the Mincer model, one may project 
the lifetime earnings and thus, quantify a tax base where government revenue 
can be derived from. Alternatively, in the absence of micro-data, the estimate 
of a Mincer function for the general population could be used and education 
level or quantity may be varied to determine the lifetime earnings diff erential 
between diseased and disease-free individuals. Government tax revenue may 
subsequently be modelled as a function of age-specifi c earnings. 

At each year, taxes represent a fi xed percentage of an individual’s total 
earnings. The types of tax that can be modelled are direct income tax and 
indirect taxes (e.g. VAT for the part of the disposable income that goes 
to consumption). Additionally, social insurance contributions may be 
incorporated as they are typically linked with earnings. Other tax that may 
apply includes road tax and property tax. Consistently with the generational 
accounting methodology earnings should be infl ated over time to refl ect 
increases in future productivity16. Furthermore, earnings should be adjusted 
for age-specifi c unemployment probability. In addition, age-specifi c transfer 
cost data can be obtained by national statistics and infl ated to refl ect future 
cost/price infl ation. Direct and indirect medical costs may be obtained from 
the published literature. Finally, survival probabilities may also be derived 
from published life tables and/or epidemiologic mortality studies. 
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Preventing Type-I diabetic complications in the UK
A simplifi ed example shedding light to the diff erences between traditional 
economic analyses and the proposed analytic framework may be derived from 
type 1 diabetes in the UK. It should be noted that the case study presented 
here is illustrative and aims at presenting the method and its diff erences from 
traditional economic studies rather than providing precise estimates. 

A recent analysis estimated the direct and indirect costs associated with diabetes 
in the UK along with the projected cost of disease19. The study reported that 
diabetes cost approximately £23.7bn in the UK in 2010/2011: £9.8bn in direct costs 
(£1bn for type 1 diabetes and £8.8bn for Type 2 diabetes) and £13.9bn in indirect 
costs (£0.9bn and £13bn). The 2035/2036 cost was estimated at £39.8bn: £16.9bn 
in direct costs (£1.8bn for type 1 diabetes and £15.1bn for type 2 diabetes) and 
£22.9bn in indirect costs (£2.4bn and £20.5bn). In the quantifi cation of indirect 
costs, the study used an average wage to calculate the loss due to mortality. In 
addition, the study estimated the productivity losses associated with sick days 
and presenteeism. Finally, the study included in its analysis a higher probability 
of unemployment for diabetes after the age of 45 years. 

Based on our proposed framework, in order to quantify the government 
impact of type 1 diabetes in the UK, the fi rst step is to estimate the tax revenue 
and government transfer payments. By deducting transfer payments from tax 
revenues that is, by applying equation (1) the fi scal NPV can be calculated. A 
similar cumulative fi scal NPV can be generated for an equally-sized cohort 
(n=1,000) of diagnosed with type 1 diabetes individuals. Type 1 diabetes 
individuals are expected to incur higher transfer costs due to increased 
lifetime health care costs. Furthermore, type 1 diabetes patients are expected 
to generate less total earnings due to increased mortality, and reduced 
earnings associated with lower school achievement. For simplicity, in the 
presented analysis we did not take into account the impact on government 
arising from increased unemployment, abseentism and presenteeism. 

In order, to refl ect mortality of individuals with type 1diabetes we used UK 
reported age-specifi c (5-year) mortality data20. For illustrative purposes we 
hypothesized that type 1diabetes individuals are expected to incur annual 
health care costs of £2,50019. The latter cost refl ects the per capita direct cost 
quantifi ed by Hex and colleagues. We assumed that this was the cost premium 
associated with type 1 diabetes individuals and that healthy controls incur 
health care costs equal to the average UK individual’s costs. In reality, the 
calculation of the average age-specifi c health care costs, used in this example 
had included diabetic populations. 
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The results from the literature do not provide a defi nitive answer on the 
relationship between type 1 diabetes educational attainment and earnings 
and further investigations are needed. Nevertheless, the currently available 
evidence gives an indication about the potentially negative impact of type 1 
diabetes on earnings. For the purposes of this paper we assumed that type 
1 diabetes individuals attain one year of education less compared to healthy 
controls. Based on a previously estimated Mincer function in the UK, one-
year less school achievement is expected to result in reduced earnings and 
subsequently reduced tax of 9.86%. 

Figure 1 represents the generated lifetime earnings curves for a birth cohort of 
1,000 individuals with complicated type 1 diabetes against 1,000 healthy controls. 
The analysis showed that type 1 diabetes individuals are expected to generate 
less earnings compared to healthy controls. The largest proportion (60%) of 
the earnings diff erence originated from the educational eff ect, with the rest 
40% being attributable to mortality (break down analysis not shown). Figure 2 
illustrates, the resulting fi scal NPV for a cohort of 1,000 type 1 diabetes individuals, 
born in 2011 in the UK against the fi scal NPV of an equally-sized birth cohort of 
healthy controls. The fi scal NPV was calculated assuming a 3% discount rate and 
an equal cost and productivity annual infl ation rate. The projected retirement age 
was set at 67 years of age. The analysis showed that type 1 diabetes individuals 
incur a substantially negative fi scal NPV over their lifetime thus, posing a high 
burden for the UK government. The results imply that any intervention towards 
the prevention of complicated type 1 diabetes consequences may result in 
considerable returns for the UK government in terms of future tax revenue. 

Figure 1 Total projected annual age-specifi c earnings of a birth cohort (n=1,000) with type 1 
diabetes versus healthy controls 
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Figure 2 Cumulative fi scal NPV over time 
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Eradicating Malaria in Ghana
Malaria poses a substantial epidemiologic and economic burden to developing 
countries21. We applied the proposed analytic framework to assess the impact 
that a malaria vaccination programme may have from the government 
perspective in Ghana. 

A government perspective decision analytic model was developed simulating 
the occurrence of uncomplicated and severe malaria as well as malaria with 
neurocognitive impact. The neurocognitive eff ect of malaria was simulated as 
having a negative long-term eff ect on school achievement. The analysis was 
conducted for annual birth cohorts of n=100,000 each. A life time simulation 
was conducted to assess the fi scal NPV for equally-sized vaccinated and 
unvaccinated cohorts. The time horizon of the analysis was 71 years which was 
considered the average age of retirement in Ghana. The eff ect of pensions was 
not considered in this analysis for simplicity and due to the absence of data 
however, a complete analysis should attempt to encompass such transfers 
in a net fi scal analysis. Life tables, age-specifi c health care and educational 
costs, government transfer payments and age-specifi c unemployment data 
were obtained from national statistics. Education participation statistics were 
derived from national statistics (http://www. Statsghana. Gov. Gh/KeySocial. 
Html). Malaria epidemiology originated from published evidence22. Malaria 
costs were derived from the published literature23 and infl ated at 7% to refl ect 
current prices. A vaccination programme with 100% coverage, 50% effi  cacy 
in preventing malaria and malaria-attributable mortality and a booster dose 
at the age of fi ve years was hypothesized. A hypothetical cost per vaccine 
dose of $50 (including programme costs, administration and cold chain 



Chapter 2

29

cost) was also assumed. Following the Mincer model, age-specifi c earnings 
were modelled as a function of schooling years and age. A set of studies was 
identifi ed showing that the eradication of malaria may result in almost one 
additional year of schooling11. Moreover and depicted above, previous studies 
have also shown that one additional schooling year may result in 9.7% higher 
lifetime earnings24. A nominal discount rate of 10% was assumed with 7% 
annual cost infl ation and a wage productivity growth of 3%. 

Figure 3 shows the generated earnings curves for the vaccinated and the 
unvaccinated cohorts, respectively. In this analysis almost 80% of increased 
earnings could be attributed to the eff ect of additional education and the rest 
20% to the reduction of malaria caused by the vaccination programme (data 
not shown). Figure 4 illustrates the cumulative Fiscal NPV over the lifetime of 
a vaccinated cohort versus an equally-sized, unvaccinated cohort. The results 
showed that a vaccinated cohort may result in marginally higher fi scal NPV. 
The Fiscal NPV at year 61 was positive and incrementally favourable for the 
vaccinated cohort despite the relatively high hypothetical cost of vaccination 
(2-fold the average per capita health care expenditure). In addition, the 
analysis showed that vaccination investment cost may be counterbalanced 
by the increase in earnings and the resulting higher tax revenue for the 
government. The incrementally higher fi scal NPV of the vaccinated cohort 
is attributed to the additional earnings and tax resulting from the increase in 
survival and from the reduction in the neurocognitive eff ect which, through a 
higher educational attainment yields higher earnings and tax revenue. 

Figure 3 Total projected annual age-specifi c earnings of vaccinated versus unvaccinated birth 
cohorts (n=100,000) 
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Figure 4 Cumulative fi scal NPV over time 
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Discussion 
The implications of this preliminary analysis suggest that preventing illness 
would likely have a positive impact for government as more people would 
be working and paying taxes. In the spirit of the WHO guide, we sought to 
understand how the treatment or prevention of paediatric diseases might 
infl uence fi scal accounts using a “government perspective” accounting 
framework. The proposed framework can apply to changes in morbidity 
and mortality, both of which are directly applicable to a range of medical 
conditions. The basic principle of the “government perspective” approach 
is that economic benefi ciaries of improved health are worth considering in 
the context of health investments. In most cases the individuals themselves 
and society as a whole will benefi t from improved health. This is attributed 
to several factors including wage increases, and indirectly through improved 
educational opportunities infl uencing future earnings. 

Government expenditure can also be infl uenced by population health, 
whereby poor health has the capacity to increase government expenditure 
in health care and social programs as well as reduce tax-receipts from fewer 
individuals working4. Conversely, the same would be true as economies 
expand because of improved population health, all things equals, governments 
will receive more tax revenue25. In this context a fi scal accounting approach 
can capture simultaneously the positive and negative impact of health and 
changes in health status linked to investments in health care to derive the net 
fi scal impact attributed with these investments. 

The proposed framework is particularly relevant for immunizations which 
represent a high-cost investment which pays-off  years or even decades after 
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the actual immunization. Furthermore, because vaccine programs are often 
funded directly from fi nance departments, describing health gains in terms 
of net tax revenue for government is a language more familiar to fi nance 
departments. Previous applications have evaluated investments in rotavirus 
vaccination in Egypt26. In some countries the mortality and morbidity burden 
of rotavirus deaths are substantial, and the observation that indirect costs 
represent a signifi cant proportion of costs suggested the fi scal eff ects will 
also be signifi cant27, 28. In addition, the proposed framework has been utilised 
to demonstrate the fi scal value of government investments in assisted 
reproduction (i.e in-vitro fertilisation)26. 

Using our quantitative analytic “government perspective” framework, we 
showed that the prevention of malaria in children and the prevention of 
diabetic complication can impact government fi scal accounts when these 
children reach working ages. This is consistent with a recent UK policy 
analysis which highlighted that investments in evidence-based prevention, 
early intervention and treatment for mental disorders can have economic 
benefi ts that go far beyond the health sector29. The analysis suggested that, in 
light of austerity measures, policy appraisals should go further than the cost-
eff ectiveness and assess the cross-sectorial impact not only of treatments but 
also of preventive actions29. 

In economic theory, higher educational attainment implies a higher potential 
for increased lifetime earnings13-15, 30, 31 which, in turn, provide the basis for 
higher tax revenue. When considering the long-term economic prospects 
of a society, the populations’ level of education is deemed as an important 
determinant of economic growth32. An analysis of cross-country data 
estimated that an additional year of schooling roughly raises the growth rate 
by 0.44% per year32. Hence, health care technologies aiming at reducing the 
eff ect of paediatric diseases on school achievement may have a considerable 
and quantifi able value for the governments. 

The proposed framework described here originates from the generational 
accounting framework which is a useful tool for evaluating the long-term 
intergenerational fi scal consequences of policy decisions. Rather than 
presenting a government’s fi nancial situation by budget defi cit and public 
debt, the generational accounting methodology rationalises the intertemporal 
budgetary impact of policy decisions taking into consideration age cohorts 
who will pay for policies now and into the future. The underlying premise of 
fi scal policy is zero sums over the long-term, because government obligations 
must be met by current and future generations. The prevalence of diseases in 
the current and future generations that results in mortality and productivity 
losses, through morbidity and indirect consequences are critical determinants 
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of long-term public fi nance sustainability. In developing countries, health 
care investments may increase economic growth and therefore the income 
base which governments can tax. In turn, increased government revenues 
may result in more public investments which may trigger fi scal multiplier’s 
eff ects and improve development.

The proposed framework is based on several long-term projections of volatile 
economic fi gures which inevitably introduce uncertainty. Forecasting key 
analysis’ inputs in the long-term, such as the cost and productivity infl ation, 
age-specifi c unemployment rates, government transfer payments and health 
care costs is typically based on current data which may not accurately 
refl ect the future situation. Predicting the future age and education specifi c 
earnings and tax paying capacity of an individual is dependent on several 
exogenous parameters which may not be included in the forecast models (e.g. 
technological change, educational policy changes, and tax system reforms). 
However, a modelling approach enables the conduct of sensitivity analyses 
to address some of the uncertainties. The illustrated examples are based on 
single-cohort analyses. Multiple cohorts may also be modelled in order to 
quantify the cross-generational eff ect of investing in paediatric health care 
interventions. In the case of preventing transmittable diseases that would 
also require the inclusion of transmission dynamics into the simulation. 

In contrast with traditional technology appraisals, our framework projects 
economic benefi ts associated with changes in population health status in 
relation to spending on discrete health programs. In this respect it is possible 
to view our approach as a budget impact model that assesses the eff ect of 
health changes across diff erent government fi scal accounts, and accounts 
for any tax revenues that may arise through increased societal productivity. 
In this context, the analysis follows a discounted cash fl ow methodology 
widely used in fi nancial analysis and may provide with an additional decision 
making criterion when evaluating new health care technologies. 
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Summary 
Changes in population health status are known to infl uence government 
fi scal transfers both in terms of lost tax revenue and increased expenditure 
for health and social services. To estimate the fi scal impact of changes in 
morbidity and mortality attributed to rotavirus immunisation, we developed 
a government perspective model to estimate discounted net tax revenue for 
Ghana and Vietnam. The model derived the impact of rotavirus morbidity 
and mortality on lifetime productive capacity and related tax transfers, and 
demand for government transfers in relation to education and healthcare in 
immunized and non-immunized cohorts. The discounted age-specifi c net tax 
revenue was derived by deducting transfers from gross taxes and discounting 
for time preference. In Ghana, taking into account immunisation costs, tax 
and transfers, the estimated net discounted tax for the immunized cohort 
was estimated to generate $2.6 billion in net taxes up to age 65. In Vietnam, 
the net revenue attributed to the immunised cohort reached $55.17 billion 
suggesting an incremental benefi t of approximately $29 million. We posit 
that the government perspective fi scal framework described here is a valid 
approach for estimating how governments benefi t from investments in 
immunisation that can be considered supplementary to conventional cost-
eff ectiveness approaches for defi ning value. 

Introduction
In 2009 the WHO released the WHO Guide to Identify the Economic 
Consequences of Disease and Injury1. Within the WHO guide the impact 
of population health on government spending and expenditures was 
described. Specifi cally, the report acknowledged that poor health can impact 
governments’ fi scal accounts both in terms of lost tax revenue and increased 
transfers costs1. Despite acknowledging that population health infl uences 
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fi scal consequences for governments, the report provided few examples of the 
ways in which population health impacts government revenues and transfers. 
In the context of low and middle income countries this is an important 
relationship to consider because the ability of governments to raise revenue 
through taxation is an integral part of development2. 

The conventional approach for evaluating health care expenditure is often 
performed at the program level, using cost-eff ectiveness analysis to achieve 
technical effi  ciency. Such an analysis is normally performed by focusing 
on health service costs and often ignoring the downstream indirect costs 
of changes in health status that improve our understanding of the broader 
economics of healthcare. This is particularly salient for immunisation where 
the benefi ts accrue over many generations. Consequently, applying a longer 
time perspective could provide a more complete picture of the value of 
vaccines3. 

In fi scal terms, transfers between citizens and state in relation to health status 
changes have been mostly ignored in cost-eff ectiveness analysis on the belief 
there is no welfare gain or loss associated with transfers and taxes according 
to welfare economics4. While this may be true from the welfare economic 
perspective, from a government perspective this approach is fl awed because 
lost taxes and transfers represent real cost for government. For example, an 
analysis conducted in the UK on the costs of ill-health in working aged adults 
reported that approximately 90% of the costs were attributed to increased 
transfer payments for time off  work and lost tax revenue5. 

The relationship between health and economic growth is one of the 
cornerstones of development economics1,6. More specifi cally, health status 
is a determinant of productivity which can be shown to infl uence economic 
growth7. In fi scal terms, if one considers the relationships between health, 
productivity and economic growth, and the established relationship between 
economic growth and government tax revenue8, a rationale can be put forward 
for exploring the ‘government perspective’ associated with investments in 
health. The underlying premise of such analyses is that changes in health 
status in current and future working populations will have fi scal implications 
for government. Therefore, population health status changes linked to 
specifi c program investments can be shown to infl uence government tax 
revenue – in much the same way that investments in education have been 
shown to translate into future government taxes9. The burden of rotavirus in 
low and middle income countries (LMIs) is often immense. In 2008 the WHO 
estimated 453,000 deaths attributed to rotavirus with the majority of these 
occurring in LMI countries10. Additionally, rotavirus poses signifi cant direct 
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costs for families and healthcare services resulting in clinic visits, diagnostics, 
medicines and hospitalisations11, 12. Furthermore, it has also been shown 
that the costs attributed to lost productivity are often higher than the direct 
medical costs of rotavirus13. 

To understand the relationship between investments in rotavirus 
immunisation and resulting changes in morbidity and mortality with 
corresponding consequences for government accounts, we apply a 
government perspective framework to adult immunisation costs to determine 
the return on investment in future discounted net tax revenue. The aim is to 
estimate to what extent the fi scal benefi ts associated with vaccinating children 
against rotavirus will exceed the costs of immunisation. It is thought that 
understanding the relationship between health and future tax revenue linked 
to mortality changes can contribute to demonstrate the fi scal sustainability 
linked to public investments in immunisation programs. 

Materials and Methods 
A government perspective fi scal accounting model was developed to evaluate 
changes in rotavirus attributed morbidity and mortality in Ghana and 
Vietnam, based on a previously described framework14. The model employed 
a modifi ed generational accounting framework typically used by Treasury 
and other international organisations for modelling the intertemporal 
consequences of fi scal policy and changes in population dynamics15. The 
metrics evaluated were the discounted net tax revenue (NPV) and discounted 
gross tax receipts attributed to changes in population health status and 
labour force participation. Labour force participation was defi ned mainly in 
terms of survival and labour supplied. Moreover, the corresponding labour 
loss for families that will care for the not-immunized sick subjects was also 
considered. 

The survival of an average cohort was simulated based on the current life-
tables in each country. For simplicity we did not change any long-term 
demographic changes. Rotavirus immunisation effi  cacy for Ghana and 
Vietnam was obtained from previous economic studies performed in each 
country16, 17. Both Ghana and Vietnam were deemed as appropriate for such 
an analysis due to their growing economies, the existence of an organised 
tax and social insurance system as well as the epidemiology of rotavirus 
infections. Vaccine coverage rates and costs of treating rotavirus cases were 
obtained from previous cost-eff ectiveness models16, 17. The average cost of 
rotavirus immunisation was estimated from publicly available prices applied 
to the immunisation schedule for the two vaccines18. 
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To refl ect the government perspective we quantifi ed direct transfers from 
Ghana and Vietnam governments to immunised and non-immunised 
cohorts. Consistent with the generational accounting framework, transfer 
costs were infl ated at the expected rates of 4% and 5.1%, for Ghana and 
Vietnam, respectively19, 20. The model accounted for rotavirus specifi c health 
costs and age-specifi c per capita expenditure over the lifetime of the model. 
The rotavirus specifi c health costs accounted for diff erent severity health 
states reported in cost-eff ectiveness studies for each country16, 17. For both 
models the age-specifi c per-capita health cost was derived from average 
expenditure reported by the Ministry of Health. Enrolment rates for each 
education level were derived from national statistics and subsequently, age-
specifi c education costs were estimated for both countries21, 22, 23. 

Transfers from citizens to state in the form of taxes and social contributions 
were integral to the model for assessing the fi scal impact of health investments. 
Consequently, future labour force contributions of immunised and non-
immunised cohorts were employed. Data on average wages, age-specifi c 
unemployment and economic activity originated from the household surveys for 
each country21, 23. Because the average wage is derived from a cross section of the 
community it is not necessary to adjust for variations in socioeconomic status. 

In both models economic activity was adjusted for age-specifi c unemployment 
and labour force participation applied to immunized and unimmunized 
cohorts. In addition, an age-specifi c earnings pattern was calibrated for each 
country to refl ect the eff ect of experience in per-capita earnings. In the model 
taxes were derived from the age-specifi c earnings using a disaggregated 
approach to account for direct and indirect taxes and social contributions 
that are collected in a similar fashion to taxes. In Ghana both the value added 
tax (VAT) levied at 10.5% and the National Health Insurance Levy of 2.5% 
were applied to disposable income24. In Vietnam the 10% value added tax was 
applied to disposable income expenditure. An average income tax burden 
of 7.5% based on the two lowest tax bands was applied to wages which 
corresponded with the average salary for Vietnam25. Additionally, mandatory 
unemployment insurance of 1%, and health insurance of 1.5% was applied 
to wages. To account for unreported economic activity an adjustment was 
applied to tax revenues based on reported estimates of the shadow economy 
for each country26. Specifi cally, the scale of shadow economy was set at 45% 
and 16% for Ghana and Vietnam, respectively. 

Net taxes represent the diff erence between lifetime taxes paid after deducting 
lifetime direct transfers received. In the model all taxes and transfers are 
age-specifi c to represent the fi scal life course and the point of time at which 
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fi scal transactions occur. In summary, in early ages of life the immunized and 
unimmunized cohorts are net recipients of government transfers in the form 
of healthcare and education. As the cohorts age and reach working age the 
cumulative gross taxes increase and government transfers are minimal. The 
model horizon was set at 65 years from birth. This age cut-off  point was used 
since there was limited data on average earnings, pensions and consumption 
in later ages. The costs of rotavirus immunisation are treated as an investment 
that appears in the transfer costs for these cohorts. Therefore, to refl ect 
the present value of investing in rotavirus vaccination, we estimate the net 
present value (NPV) and the downstream lifetime taxes and transfers of the 
immunized cohort as follows: 

NPV = ∑T (R
t 
– E

t
) / (1 + r)t – K

0
(t)

R
t
 = Sum of gross taxes paid 

t
 = Sum of gross taxes paid 

t

E
t
 =  Sum of age-specifi c direct government expenditure per cohort over 

t
 =  Sum of age-specifi c direct government expenditure per cohort over 

t

lifetime (e.g., education, health care)
r = Rate of discount 
T = Current life expectancy 
K

0
= vaccine purchasing costs

Consistent with the cost-eff ectiveness studies for these countries costs in 
the model are discounted back to the original age of rotavirus vaccination 
to establish the net present value (NPV) of the investment decision using a 
discount rate of 3%. Previous cost-eff ectiveness models for Ghana and Vietnam 
were reproduced in order to simulate the epidemiology, mortality, morbidity 
indirect and direct medical costs during the fi rst fi ve years of life16, 17. 

Consistent with the cost-eff ectiveness studies for these countries costs in 
the model are discounted back to the original age of rotavirus vaccination 
to establish the net present value (NPV) of the investment decision using a 
discount rate of 3%. Previous cost-eff ectiveness models for Ghana and Vietnam 
were reproduced in order to simulate the epidemiology, mortality, morbidity 
indirect and direct medical costs during the fi rst fi ve years of life16, 17. 

Results
To illustrate the fi scal fl ows over time the net tax revenue for immunised 
cohorts up to the age of 65 is depicted in Figure 1 and Figure 2 for Ghana 
and Vietnam, respectively. The left Y-axis illustrates the net discounted tax 
revenue for the immunised cohort. In addition, to illustrate the diff erences 
between the immunised and non-immunised cohorts the diff erential or 
incremental net discounted tax between the two cohorts is illustrated (right 
Y-axis). For both countries net discounted tax curves share similar features 



Novel Economic Perspectives on Prevention and Treatment

42

with negative net taxes in the early age of life until entering employment. In 
Ghana, the breakeven age was 33 for the immunised cohorts (Figure 1). The 
breakeven age is the age at which all transfers, including vaccination costs 
for the immunised cohort are counterbalanced by government revenues. The 
upward trajectory to age 50 and beyond refl ects increased cumulative taxes 
paid and very limited transfers received during working ages. The curves for 
the immunised cohort in Vietnam and the incremental net discounted tax 
between the immunised and the non-immunised cohorts (Figure 2) share 
similar features to that of Ghana with negative net taxes early in life and 
positive net taxes after breaking even at age 43.

The cost of immunising a single birth cohort (n = 528,887) in Ghana was 
estimated at $4.66 million. At age 65 the immunised cohort is expected to have 

Figure 1 Discounted net tax revenue for immunised cohorts (n = 528,887) in Ghana up to age 65 
in millions USD [le�  Y-axis] and incremental net discounted tax between immunised and non-
immunised cohorts [right Y-axis] 
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generated a total discounted gross tax of $ 3.35 billion. The cohort is expected 
to generate, at year 65, a total present value of costs for the government 
equal to $761.21 million in terms of transfer for health costs and education. 
By taking into account vaccination costs, tax and transfers, the estimated net 
discounted tax for the immunized cohort at years 65 was estimated at $2.591 
billion suggesting positive return for the government in the long-run. The 
corresponding net discounted tax for the non-immunised cohort was also 
positive at $2.582 billion which was reduced by $8.7 million compared to the 
immunized cohort. 

In Vietnam, the total vaccination cost for a single cohort (n = 1,485,000) 
was estimated at $ 13.81 million. At year 65, the estimated present value of 
discounted tax for the immunised cohort was estimated at $65.99 billion, with 

Figure 2 Discounted net tax revenue for immunised cohorts (n = 1,485,000 ) in Vietnam up to 
age 65 in millions USD [le�  Y-axis]and incremental net discounted tax between immunised and 
non-immunised cohorts [right Y-axis]
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transfer costs totalling $9.82 billion up to the age of 65. The discounted net 
tax was estimated at $55,166 billion. The corresponding net discounted tax, 
at years 65 for the non-immunised cohort, was estimated at $55.138 billion 
suggesting an incremental benefi t of approximately $28.8 million. The fi scal 
break-even point was at year 35 when tax revenue start to counterbalance 
transfers for education and health for both the immunized and unimmunized 
cohorts. 

Sensitivity analysis 
Deterministic one-way sensitivity analysis was conducted to assess the 
sensitivity of the model to key parameters. Key input variables were arbitrarily 
varied by (±30%) and its infl uence on net discounted tax of the immunised 
cohort at age 65. Figures 3.1 and 3.2 illustrate the key variables which the 
result was sensitive to for Ghana and Vietnam, respectively. As expected, 
discounted net tax was more sensitive to the selection of the discount rate and 
the productivity growth i.e. the annual increase of earnings per capita. Since 
the framework used here is largely dependent on discounted lifetime fl ows, 
employing a higher discount rate may infl uence the results. The sensitivity 
analysis showed that the immunised cohort consistently generated a positive 
lifetime net discounted tax. The magnitude of shadow or informal economy 
appeared to be less infl uential. Price was not a parameter which the results 
were sensitive to. This is because the cost of immunising the population is 
small compared to the benefi ts that this framework generates.

Figure 3.1 Sensitivity analysis [±30%]: Diff erential discounted net tax revenue for immunised 
cohort (n = 528,887) in Ghana in year 65, in millions USD
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Figure 3.2 Sensitivity analysis [±30%]: Discounted net tax revenue for immunised cohort 
(n = 1,485,000) in Vietnam in year 65, in millions USD
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Discussion
Estimating the fi scal consequences of health status changes is reliant on 
estimating productivity changes and how these changes translate into 
increased earnings and consequently increased tax revenue for government. 
There are two fundamental economic relationships that underpin the analytic 
approach described here. Firstly, the established relationship between health 
and economic growth that is applicable to high, middle, and low income 
countries27. Secondly, the known relationship between increasing economic 
growth and its infl uence on government tax revenues8. 

Deriving net tax revenues from health gains is an unconventional approach for 
valuing health gains seldom considered in the health economics literature. In 
contrast, valuing human lives in future tax revenue is fundamental to analytic 
approaches used by Treasury departments and international organisations 
such as the World Bank and IMF which often apply a generational accounting 
framework to analyse policy decisions15. Inherent in these methodologies 
is the value of translating health capital into productive output and future 
tax revenue for government. The generational accounting framework is 
suitable for estimating this relationship because underlying the approach is 
demography and the current and future productive capacity of individuals. 

At the core of generational accounting are population age-structure (i.e. 
demography), the proportions of people of working-aged populations, future 
workers in the case of children, and their future output. These core measures 
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are intricately linked to population health status and investments within 
the health sector. Consequently, it is possible to employ the generational 
accounting framework to determine how investments in health programs 
that infl uence the population age-structure and productivity will infl uence 
current and future government taxes and transfers. Furthermore, as implied 
by the name, the generational accounting framework assesses the fi scal 
dynamics of population health over very long time periods. In the context of 
low and middle income countries the framework demonstrates the benefi ts 
of immunisation and functional domestic tax systems that contribute to fi scal 
sustainability – a cornerstone in the development strategy. 

The results described here demonstrate the long-term net tax benefi ts 
attributed to immunisation. Consistent with the previously published cost-
eff ectiveness models for these countries, our fi scal models demonstrate 
a modest reduction in health cost savings attributed to reduced rotavirus 
morbidity16, 17. In addition, over time as the immunised and non-immunised 
groups enter the work force the accumulated net tax benefi ts start to 
materialise. At the age of 33 and 43 in Ghana and Vietnam, respectively, the 
discounted net tax revenues for the immunised cohort are higher than the 
non-immunised. This is attributed to higher survival rates and therefore more 
tax payers, however because of transfers and immunisation in the early years 
of life a number of working years are required before these public investments 
are paid for through cumulative tax contributions. 

Increasingly cost-eff ectiveness analysis is used to achieve technical effi  ciency 
when choosing between treatment alternatives. The limitation of cost-
eff ectiveness is that it does not inform how investments in health infl uence 
economic growth – an important consideration regarding health expenditure 
in developing economies. The analysis described here pursues a diff erent 
approach and uses fi scal accounting framework to understand how changes 
in rotavirus vaccine preventable cases will infl uence future government tax 
revenues and transfers. In this respect the method illuminates a pathway 
to fi scal sustainability associated with current decisions and the likely 
consequences in the future. 

To some extent applying a fi scal perspective to medical technologies 
highlights the limitations of the societal perspective typically applied in 
cost-eff ectiveness analysis28. Because the societal perspective excludes 
the economic consequences of health status changes for governments, the 
impact of health status changes on transfers and taxes would not be captured 
29. Whilst the societal perspective is useful for refl ecting societal welfare, the 
actuarial and fi scal consequences of changes in health status represent real 
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costs to governments that can be quantifi ed1, 5. Because fi scal sustainability 
is increasingly on the agenda for both developed and developing economies, 
although for diff erent reasons, the government perspective framework 
described here to some extent links investment in health with the 
sustainability agenda. 

One limitation of the methodological framework described here is that not all 
low and middle income countries in need of immunisation have reliable and 
functional taxation systems. Applying the generational accounting approach 
to public investments in immunisation requires that morbidity and mortality 
can be translated into productivity, labour force participation and wage 
changes in order to describe the fi scal consequences for government. With 
respect to taxation systems in low and middle income countries, the approach 
described here is aligned with the taxation and development literature which 
views tax policy as a means to facilitate economic development through 
distribution of wealth, government accountability and moving towards 
achieving sustainability30. 

Life course modelling poses methodological challenges due to the necessity 
to make assumptions about long-term parameters that will change over 
time and infl uence modelled conclusions. Consistent with the generational 
accounting framework on which our methodology is based, we hold variables 
constant over time and test these assumptions using sensitivity analysis. 
The results described here are most sensitive to the discount rate and wages 
and productivity growth as depicted in Figure 3.1 and Figure 3.2. In light of 
the sensitivity of deriving long-term estimates linked with investments in 
healthcare, the results described here do not provide a precise forecast of 
the future. Rather, they refl ect a potential fi scal scenario based on current 
epidemiological and macro-economic conditions and the interaction of these 
variables over time could give rise to variation reported here31.

An additional limitation of the method is the size of the informal economy 
that exists in many low and middle income countries that would not be subject 
to taxation26. The informal economy represents a serious limitation to any 
economic analysis investigating fi scal policy. However, it is worth noting that 
factors that drive the informal economy includes high tax burden, regulation 
and the prevailing economic conditions. In this respect the informal economy 
is not limited to low and middle income countries with the informal economy 
in some high income countries is as high as that found in Vietnam26. 

Beyond the academic approach for analysing the fi scal impact of changes in 
health, it is envisaged that this approach can inform future access decisions. 
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Funding decisions for vaccines are often made outside traditional health 
service decision-making bodies, and often at the ministerial level. With this 
in mind the modelling framework described here speaks to a diff erent set 
of stakeholders who are important for releasing funds to pay for vaccines. 
Unlike cost-eff ectiveness analysis which often translates benefi ts into 
quality-adjusted life years (QALYs), the framework described here translates 
benefi ts into a language familiar to fi nance ministers and policy makers based 
on future net tax revenues linked to investing in health programs. In this 
respect the analysis described here should be considered complimentary to 
cost-eff ectiveness analysis as informs a diff erent set of stakeholders. 
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Summary
HPV infections cause a substantial burden in females and males as it is 
associated with several genital cancers and a subset of head and neck 
cancers as well as with genital warts. �The aim of this study was to estimate 
both the fi scal consequences associated with HPV immunization in males 
and females and to conduct a cost-benefi t analysis of investing in universal 
immunization in Germany. Methodologies from generational accounting, 
human capital and health economics were combined to estimate the broader 
economic impact with emphasis on the lifetime tax revenues and transfers 
between the government and cohorts of 12-year-old immunized and non-
immunized boys and girls. To estimate the economic benefi ts attributed to 
immunization-related changes in morbidity and mortality, direct and indirect 
tax rates were linked to diff erences in age- and gender-specifi c earnings. Over 
the lifetime of the combined male/female cohorts, the analysis demonstrated 
that immunization against HPV (with a coverage rate of 55%) could prevent 
1,188 HPV-related cancer deaths. Based on costs of HPV immunization we 
demonstrate that investing €1 in universal HPV vaccination yields €1.2 in 
gross tax revenues for the German government for the combined cohort. 
Moreover, universal HPV immunization in Germany may result in positive 
incremental net tax (i.e tax revenue-transfers) for the German government. 
The vaccination of males and females with the quadrivalent HPV vaccine is 
likely to have positive eff ects on public fi nances and economic growth over 
subsequent generations. 
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Introduction 
The acquisition of vaccines for national immunization programs are unique 
among health care purchases in that stakeholders often include Treasury and 
other federal ministries necessary for procurement decisions1, 2. To inform 
stakeholders of the broader economic consequences of immunization, there is 
some potential value to interpret the broader benefi ts of vaccine investments 
in terms of future economic growth and fi scal benefi ts3. 

It is increasingly recognized that diseases resulting in individuals with drawing 
from the work force, working ineffi  ciently (i.e presenteeism), retiring or dying 
prematurely can impact economic conditions and infl uence governments’ 
fi nances4. The importance of investing in population health is seen as a key 
component that reinforces employment opportunities, and is an important 
consideration in light of ageing populations and shrinking number of working 
aged adults relative to retired persons required for maintaining economic living 
standards5. Recent studies have also highlighted the burden that ill-health in 
working aged populations can pose for governments6. Estimates from the 
United Kingdom suggest that ill-health in working age persons represents 
£29 billion in workless benefi ts and £28-36 billion annually in lost taxes, with 
health costs representing only 11% (£5-11 billion) of government costs. The 
magnitude of government costs suggests a cross-sectorial negative impact of 
disease extends beyond the health service; consequently investments in health 
care are likely to infl uence government fi nances. 

The human papillomavirus (HPV), in particular subtypes 6, 11, 16 and 18, is 
responsible for a number of conditions in both males and female including 
genital warts (GW) and a subset of head and neck cancers as well as vaginal, 
vulvar, cervical and anal cancers in females and penile and anal cancers in 
males7. A broad range of short and long-term direct and indirect medical costs 
are attributed to HPV encompassing costs for treating genital warts, cervical 
cancer other HPV-related cancers in both males and females8-10. 

In Germany, since 2007, HPV vaccination has been recommended and funded for 
all girls aged 12 to 17 in combination to a yearly cervical cancer screening starting 
from age 20. Several cost-eff ectiveness analyses suggested that vaccinating 
girls against HPV is a cost-eff ective strategy both in Germany and elsewhere8, 11. 
Preventing the long-term mortality and morbidity of HPV infections will result 
not only in public health benefi ts, but also it is expected to result in considerable 
economic benefi ts in terms of medical cost-savings, increased productivity, 
increased earnings and increased tax revenue for the governments. Consequently, 
investing in vaccination can be viewed as a public investment that stimulates 
economic growth and infl uences government fi nances12, 13.
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To estimate the broader economic consequences of HPV vaccination in boys and 
girls we estimated how resulting changes in HPV related morbidity and mortality 
may infl uence government fi scal accounts based on the effi  cacy profi le for the 
quadrivalent HPV vaccine under a fi xed economic scenario (“ceteris paribus”).

Methods and Data 

The aim of this study was to estimate both the broader economic consequences 
associated with HPV immunization in males and females in Germany and to 
conduct a cost-benefi t analysis (CBA) of investing in immunization from a 
societal and a government’s or fi scal perspective. The emphasis was put on the 
immediate economic benefi ts that the government derives from decreased 
mortality and morbidity i.e tax revenue from the higher quantity of survival 
and reduced health care costs stemming from decreased morbidity.

Epidemiological modelling Epidemiological modelling 
A single-cohort prospective model was developed to simulate the lifetime 
of 12 year old boys and girls with and without immunization against HPV. 
Lifetime survival was projected based on the current life expectancy in 
Germany14, age-specifi c incidence and age-specifi c mortality of HPV-related 
diseases. The cohort model projected the lifetime survival of equally-sized 
male and female birth cohorts with and without immunization against 
HPV. The following HPV-related diseases were analyzed: genital warts (GW); 
cervical intraepithelial Neoplasia (CIN) I, II and III; cervical cancer; anal 
cancer; head and neck cancer; vulvar cancer; vaginal cancer. To calculate the 
morbidity and mortality of the immunized male and female cohorts, age– 
and gender– specifi c incidence and mortality was adjusted for the effi  cacy 
of the quadrivalent vaccine against each of the scope HPV-related cancers 
and pre-cancer states. The age-specifi c incident cases of GW, CIN and HPV-
related cancers were multiplied by the, per case, medical costs. The age and 
disease specifi c deaths were multiplied by the projected loss of earnings and 
tax revenue for the remaining statistical life. The above two were summed 
to estimate the burden of disease (BOD) with and without immunization for 
the society and the government (i.e societal BOD and fi scal BOD models). A 
mathematical illustration of the epidemiological calculations is presented in 
the technical appendix. The reduction of the BOD following immunization 
was deemed as the benefi t of immunization. 

Economic modelling and appraisals Economic modelling and appraisals 
An Excel model was developed to estimate the incremental benefi ts of 
immunization from diff erent perspectives. Firstly, a societal CBA was 
conducted based on the societal Burden of Disease (BOD) diff erence for 
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the immunized and the non-immunized cohorts. The societal analysis 
took into account the foregone consumers surplus as a result of premature 
mortality. Foregone surplus refers to the productivity loss, in terms of lost 
earnings, for the remaining statistical life of individuals that die as a result 
of HPV infection. Thus, in the societal analysis in order to calculate the 
societal BOD, HPV-related deaths were multiplied by the present value of 
the remaining lifetime earnings lost due to premature deaths. Moreover, the 
societal analysis included the health care costs associated with HPV-related 
diseases. The societal BOD for the immunized and non-immunized cohort 
of males and females was quantifi ed. The societal BOD included the HPV-
related medical costs as a result of the disease and the productivity loss as 
a result of premature deaths. The incremental BOD between the immunized 
and non-immunized cohort of males and females was considered as the 
benefi t of immunization which was subsequently compared with the cost 
of immunizations to establish the net benefi t [i.e Benefi ts of vaccination – 
immunization investment] and benefi t cost ratio. 

Secondly a fi scal CBA was conducted following a “government perspective” 
or fi scal approach. The gross lifetime tax revenue loss, as a result of HPV-
related deaths, of the immunized and non-immunized cohorts of males and 
females was projected. The projected lifetime tax revenue loss as a result of 
HPV-related deaths and the HPV – related health care costs were considered 
a measure of the fi scal BOD. The fi scal BOD was subsequently compared 
between the immunized and non-immunized cohorts. The reduction of the 
fi scal BOD was considered the benefi t from investing in HPV immunization. 
The aforementioned benefi t of immunization was then compared with the 
cost of immunization.

Thirdly, a government perspective analysis was conducted applying the 
“generational accounting” methodology to assess the net discounted tax of 
immunized and non-immunized cohorts15. In the net discounted tax analysis, 
cohorts, the immunized cohorts were expected to have increased health 
costs compared to non-immunized cohorts at the beginning of life due to 
immunization costs; lower lifetime health care costs due to prevention of HPV 
– related medical and indirect costs; higher life years lived and productive 
life year lived, thus more tax revenue paid to government; higher transfer 
costs as more people will survive to receive pensions and other allowances. 
Because increasing survival can have both negative and positive fi scal eff ects 
for government (i.e government pays more pensions and allowances when 
survival of a population increases while receiving more tax) an appraisal based 
on the net tax, i.e based on lifetime gross tax minus the lifetime transfers from 
the government to the citizens was considered as relevant. The objective 
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of such an analysis is to calculate the incremental net discounted tax (Tax 
revenue minus government transfers). This analysis helps quantify the net 
eff ect or the net fi scal benefi t for the government after taking into account 
the above opposing fi scal forces (i.e impact on tax revenue and impact of 
government transfers as a result of the immunization’s eff ects).

The net discounted tax analysis uses a longitudinal timeframe that constructs 
the average life course for immunized and non-immunized cohorts. The 
model simulates how the cohorts infl uence fi scal accounts both in terms 
of lifetime taxes and government transfers received based on changes 
in morbidity and mortality attributed to HPV vaccination. The modifi ed 
“generational accounting” framework applied here combines three modelling 
approaches to capture the infl uence of HPV vaccination on discounted net 
tax. Firstly, all health costs related to HPV and the HPV-related cancers were 
derived. Secondly, applying human capital economics, the future productivity 
of 12 year old immunized and non-immunized male and female cohorts was 
projected to determine how changes in HPV related morbidity and mortality 
aff ect lifetime earnings. Direct and indirect tax rates were then applied to 
earnings to determine the expected fi scal revenues in terms of gross tax. 
Lastly, applying the principles of “generational accounting” the average 
lifetime transfer costs and tax revenues attributed to changes in morbidity 
and mortality resulting from HPV immunization were estimated. To avoid 
double calculations of health care costs, non-HPV related health expenditure 
was not included. In addition, educational costs were not considered in this 
analysis since the level of mortality and morbidity during the fi rst years of life 
for both immunized and non-immunized cohorts were considered as similar. 
For the three modelling approaches, only those factors that have direct 
infl uence on government fi scal accounts were assessed. The mathematical 
details of the aforementioned economic appraisals are illustrated in the 
technical appendix. 

This analysis produced results for the societal and fi scal CBA and the 
“government perspective” net discounted tax analysis. In the fi rst two 
analyses, the metrics were quantifi ed in terms of the diff erence between, and 
the ratio of the discounted benefi ts of vaccination minus the discounted costs 
of vaccination. In the societal and fi scal CBA the benefi ts of immunization 
were quantifi ed as the reduction of the corresponding BOD and were 
compared with the costs of immunization. In the above CBAs, a positive 
benefi t minus cost diff erence and a benefi t: cost ratio greater than 1 signifi es 
a positive economic eff ect for immunization. The net discounted tax analyses 
quantifi ed the incremental cumulative discounted net tax for immunized 
versus non-immunized combined cohort of boys and girls. A positive 
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incremental net discounted tax signifi es that the government has a positive 
return from immunization after taking into account the additional transfer 
costs associated with increased survival. 

Data inputs Data inputs 
The cohort size (n=400,000) was set equal to the size used in previous economic 
analyses of HPV immunization in Germany10. Evidence from the literature was 
obtained in order to simulate the age- and gender- specifi c mortality associated 
with each of the HPV – related cancers. Age-specifi c incidences were obtained 
from the literature16-18. In the absence of age-specifi c mortality data for all 
HPV-related cancers, except for cervical cancer, age – specifi c mortality was 
modeled as a percentage of the annual incident cases dying. The percentage 
of annual incidence cases dying by disease was obtained from the IARC data 
for Germany17. A detailed illustration of the epidemiological inputs used in the 
model is described in the technical appendix. 

Vaccine effi  cacy was obtained from the clinical trials of the quadrivalent 
HPV vaccine19. The effi  cacy of the vaccine was weighted for the mortality 
and morbidity attributable to the HPV serotypes included in the vaccine 
i.e HPV6/11/16/18. The cost for the three doses of the quadrivalent HPV 
vaccination was modeled at €453 (3 doses x €135.75 + €15.10 administration 
cost) with a coverage rate of 55% consistent with published economic 
analysis in Germany8. Cost per case estimates for GW, CIN and HPV-related 
cancers were also obtained from the literature8. Vaccine effi  cacy and cost data 
are illustrated in Table 1. 

Table 1 Modelled vaccine’s effi  cacy per disease and costs per case 

Disease
Vaccine 
effi  cacy

Proportion 
a� ributable to 
HPV 6/11/16/18 Model’s effi  cacy Cost per case 

GW Females 99%; 89% 
for males

90% Females 89%; 
males 81%

€550

CIN I 98% 35% 34.3% €336
CIN II 98% 55% 53.9% €336
CIN III 97% 55% 53.3% €1,498
Cervical cancer 100% 76% 76% €12,499
H&N cancer 78-96% on 

persistent infection
19% 18.2% Females €16,990; 

males €18,188
Anal cancer 87% 79% 68.7% Females €25,097; 

males €29,473
Vulvar cancer 100% 37% 37% €12,499
Vaginal cancer 100% 61% 61% €12,499

Sources: Effi  cacy: 19, 27, 28, 29, 30, 31, 32, 33, 7 Costs: 8, 9
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To conduct the aforementioned economic analyses, labor market lifetime 
outcomes based on expected norms were obtained. Age-specifi c wages 
and age and gender specifi c unemployment rates for the German male and 
female population were quantifi ed annually in the model based on published 
sources14. In order to account for gender diff erences, an estimate of the gender 
wage gap in Germany (23%) was applied across all age-groups20. Retirement 
age was set at 67 years of age. Consistent with the generational accounting 
methodology wages were adjusted for future labor productivity15. 

Similarly, age-specifi c transfers, tax burden and health care costs originated 
from the national statistics14. In the absence of gender -specifi c data, the 
same fi gures were used for both males and females. An average tax burden 
rate of 55% was modeled to quantify direct income tax, indirect tax and social 
insurance contributions for the average German individual21. Taxes included 
in the analyses encompassed the tax burden of the average German citizen. 
Governmental transfers included benefi ts, allowances and subsidies received 
by the average German citizen from the government14. 

Health costs were infl ated at an annual historical average rate of 2.4%. To 
refl ect changes in productivity the average annual increase of the labor unit 
cost equal to 0.6% was used14. In the base-case analysis a 1.4% discount rate 
was used following the ten-year long-term bond rates. The latter was deemed 
as a reasonable assumption for the opportunity costs of money, since other 
public investments are very likely assessed under the same assumption. 

Results
In the base-case analysis, over the lifetime of the male and female cohorts, 
the analysis demonstrated that immunization against HPV (with a coverage 
rate of 55%) may prevent 1,188 HPV-related cancer deaths in Germany. Of the 
preventable deaths 599 were cervical cancer deaths. Immunization prevented 
1,584 cervical cancer cases, 1,036 head and neck cancer cases, 352 anal cancer 
cases, 228 vaginal cancer cases and 116 vulvar cancer cases. In addition, 
immunization resulted in 45,808 less cases of genital warts and 127,462 cases 
of CIN I-III for the lifetime of the cohort. 

Societal and Fiscal CBA
For the combined population of females and males the results showed that 
HPV immunization resulted in reducing both the societal BOD in terms of 
the present value of lifetime earnings or productivity loss due to premature 
mortality and the fi scal BOD in terms of the present value of lifetime gross 
tax loss due to premature mortality. In addition, immunization resulted 
in the reduction of HPV-related medical costs (Table 2). When comparing 
the investment costs and the benefi ts of immunization from a societal 
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perspective, the CBA suggested that for every euro spent on immunization 
the society gets back €1.3 euros in terms of averted lifetime productivity loss 
and prevented HPV-related medical costs. The disaggregated results of the 
societal CBA suggested that female vaccination results in a positive rate of 
return for the society almost by two fold the investment costs, whereas for 
males the cost-off sets are suffi  cient to return 60% of the initial investment 
(Table 3). The results suggest that there are societal gains associated with 
vaccinating females which counterbalance the cost of immunizing males.

Table 2 Estimated discounted lifetime societal, fi scal and medical cost burden for immunized 
and non-immunized cohorts of males and females 

Outcome  Immunized Non-immunized Incremental Type
BOD-societal 
in terms of 
discounted 
lifetime 
productivity loss 
due to premature 
mortality

€ 187,445,770 € 235,747,041 € (48,301,271) Benefi t of 
immunization 

used in Societal 
CBA

BOD-fi scal 
in terms of 
discounted 
lifetime gross tax

€ 104,969,631 € 132,018,343 € (27,048,712) Benefi t of 
immunization 
used in Fiscal 

CBA
Discounted 
lifetime HPV – 
related medical 
costs

€ 668,495,377 € 871,353,517 € (202,858,140) Benefi t of 
immunization 

used both CBAs

Immunization 
investment cost 

€ 198,440,000 € - € 198,440,000 Investment in 
immunization 

In the fi scal CBA it was estimated that for every €1 invested in immunization 
the government would gain €1.2 in terms of averted tax revenue loss and 
prevented HPV-related medical costs. Female immunization yielded as 
expected higher returns compared to male immunization. Thus, for every €1 
spent on immunization of male the government would get back almost half of 
the investment cost whereas, for females the government would have a gain 
of €1.8 euros per euro spent on immunization. The combined immunization 
of males and females resulted in a benefi t cost ratio of 1.2. 

Figure 1 provides a time series for the incremental net discounted tax 
(tax minus transfers) between immunized and non-immunized cohorts, 
respectively. Combined female and male immunization resulted in higher net 
discounted tax compared to the strategy of not immunizing the combined 
population. The results of the combined net discounted tax analysis suggest 
that even after deducting transfers, the German government has a fi scal 
benefi t from immunizing the female and male population. 
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One-way sensitivity analysisOne-way sensitivity analysis
The model performed a Min-Max (±20%) sensitivity analysis to all the 
parameters modeled. We hereby present the tornado diagrams (Figure 2) for 
the ten most sensitive parameters, for the gross tax based CBA (benefi t: cost 
ratio, B/C ratio). The results of the sensitivity analysis suggested that a number 
of economic variables were associated with high sensitivity however; the B/C 
ratios consistently remained above 1 except in one scenario. One noteworthy 
fi nding was the infl uence of the incidence of GW which highlights the 
economic importance of this outcome. The reason for the high sensitivity 
may related to the high incidence of GW as well as the accumulation of most 
GW cases in early years of life. 

The sensitivity analysis results showed that a variation of +/- 20% in the 
vaccine cost (vaccine price plus administration cost) both resulted in positive 
fi scal B/C ratio (>1). Moreover, if two doses of vaccine were administered the 
benefi t/cost ratio would considerably increase to 1.8. An additional scenario 
included the indirect costs of HPV related diseases in terms of sick days lost. 
As expected the results are more favorable for the vaccination compared to 
the basic scenario. Finally, the scenario which assumed no vaccine effi  cacy 
against head and neck cancer resulted in a marginally positive B/C ratio. The 
latter infl uence of the results can be explained from the reduction of male 
mortality and the relatively higher lifetime earnings of males. 

Discussion
Decision-making regarding funding of vaccines is a complex process 
involving numerous government stakeholders and health service offi  cers. In 
some countries Ministers of Finance are considered central to the decision-
making process due to their control over fi nances22. Even when vaccines have 
been approved by national advisory groups it is acknowledged that funding 
must be independently sought from fi nance ministries23. Underpinning the 
importance of fi nance in the decision-making process some have advocated 
that fi nance ministries should be involved earlier in the consultation process 
to ensure more rapid uptake of vaccines24. To this end it is important to 
provide fi nanciers with important economic metrics which they are familiar 
with to demonstrate the relationship between immunization, health and 
growth. This includes fi scal modelling and generational accounting models 
which serve as the basis of the research methodology described here. 

In 2009 the World Health Organization4 developed the WHO Guide to Identify 
the Economic Consequences of Disease and Injury in which the impact of 
poor health on government fi scal accounts was recognized. Providing data 
on the fi scal consequences of immunization informs stakeholders of the 
broader benefi ts of immunization that is not addressed by conventional cost-
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eff ectiveness analysis; namely in defi ning how government and society in 
general will benefi t from investing in vaccines. In recent years, preventative 
health care budgets vital for funding immunization programs have been 
decreasing which suggests a need to highlight to stakeholders the economic 
and health importance of prevention21. When positioned within the broader 
consequences of ageing populations, the benefi ts of preventative health 
care for infl uencing working-aged populations is likely to gain increasing 
attention5. Ironically funding decisions in health care are seldom made 
based on economic growth where cost-eff ectiveness is the dominant tool 
for determining allocation decisions. Considering the budgeting challenges 
posed by increasing demands of ageing populations, increasing health 
expenditure, and austerity measures introduced due to current economic 
conditions, the need to demonstrate the benefi ts of preventative health 
interventions as found with vaccination is imperative. 

To achieve operational effi  ciency cost-eff ectiveness is often employed to ensure ef-
fi cient use of health care resources. This can be important for informing the choice 
between eff ective interventions; however cost-eff ectiveness usually focuses on a 
health care payer perspective and does not inform stakeholders of the broader con-
sequences of investments in health care. The distinction in the analysis described 
here is that we consider tax fi nanced health systems to be within the government 
sphere, hence these can be considered as government transfers. Considering the 
broader economic consequences of vaccine preventable conditions suggests that 
changing population health through immunization can off er economic advantages 
for government in the form of future tax revenues and potential savings attributed 
to social care. In this respect health acts like unemployment on governments caus-
ing a fi scal drain in relation to lost taxes and spending on unemployment benefi ts. 
When taking into consideration the fact that many health technology appraisal 
agencies do not consider indirect costs, and the resulting eff ects on productivity, 
poses additional challenges for vaccine technologies which prevent morbid events 
and early mortality over many generations25. 

The broader societal perspective CBA suggests that surplus societal benefi ts (in 
terms of additional earnings) are achieved by vaccinating boys and girls against HPV. 
The fi scal CBA that took into account only the gross tax shows that that investing €1 
in universal HPV vaccination yields €1.2 in gross taxes for the German government. 
As expected, individually the CBA ratio is greater for girls at 1.8 compared to 0.5 for 
boys (Table 3). The government perspective analysis described here estimates both 
positive and negative consequences linked to changes in morbidity and mortality 
of HPV-related diseases on fi scal budgets in Germany. The analysis described here 
applies a long-term horizon to estimate fi scal consequences associated with HPV 
vaccination and suggests that in the long-term the vaccination of boys and girls 
off ers positive fi scal benefi ts.
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Table 3 CBA of male, female and combined cohorts

Discounted benefi ts minus 
Investment Costs

 Discounted benefi ts: 
Investment Costs ratio

Societal CBA Male cohort € (43,264,436) 0.6
Female cohort € 95,983,847 2.0
Total cohort € 52,719,411 1.3

Fiscal CBA Male cohort € (50,245,290) 0.5
Female cohort € 81,712,141 1.8
Total cohort € 31,466,852 1.2

There are many inherent weaknesses in making long-term projections based on 
current macroeconomic parameters due to uncertainty regarding the future. In 
this respect the results described here should not be seen as a precise forecast 
of the future. Rather, the fi scal analysis refl ect a potential scenario based on 
current economic and epidemiological conditions, and that future changes in 
unemployment, growth rates, tax burden, government transfers or infl ation 
could either positively or negatively infl uence the conclusions described here. 
This is particularly important to consider in relation to the static incidence 
rates applied in our analysis and failure to account for herd immunity which 
could infl uence incidence rates and the likely benefi ts attributed to vaccination. 
Consistent with the generational accounting framework on which our analysis 
is based we have held parameters constant over time. We acknowledge this 
weakness but in the absence of knowledge of the future, the approach is useful 
for making policy decisions today, and in this respect is no diff erent than any 
other funding or policy decisions made by governments. 

The framework described here estimates how saving lives and infl uencing 
HPV infections in boys and girls can have fi scal benefi ts for government. This 
raises questions about how to apply a fi scal accounting framework in health 
care decision-making when health care resources are often infl uenced by 
unmet need, burden of illness, aff ordability, equity and sometimes politics. 
Therefore, it is reasonable to ask how this framework should be applied in 
decision-making, in particularly considering the diff erences in the benefi t: 
cost ratios observed between boys and girls. While it is tempting to invest 
in only those strategies that yield benefi ts for government, it is questionable 
whether it is justifi able to exclude treatment from some groups on the basis 
of having a low fi scal return for government. Clearly this is not the case as 
resources are allocated for many interventions in terminal conditions that 
generate no fi scal benefi ts for government. On this basis we do not expect 
decision-makers to abandon the core principles of decision-making which 
include unmet need, equity and fairness. However, this approach can be 
supplementary to existing analytic frameworks used by decision-makers to 
consider a broader range of benefi ts from the perspective of government. This 
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can be particularly important for tax fi nanced pay as you go health systems 
that rely on younger, healthy generations to continue paying for the health 
care needs of older generations26. 

Figure 1 Cumulative incremental net discounted tax of the combined cohort over time
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Technical appendix 

Epidemiological calculations: Mortality Epidemiological calculations: Mortality 
Equations 1 and 2 illustrate the mortality calculations included in the model 
for Cervical Cancer. For all other cancers, mortality was linked to the incidence 
as indicatively shown for head and neck cancer in equations 3.

CC = S × mCC  (1)  

DCC  = ∑ S × mCC  (2)  

HN = ∑ S × pt × HN ×  (3)  

Where S
t
: number of survivors at the beginning of year (t); (t); mCC

t
: mortality 

attributed to cervical cancer in year t; DCC
lifetime

 deaths attributable to cervical 
cancer for the lifetime of the cohort; pt: proportion of incident cases dying 
in year t; DDHN

lifetime
: Deaths attributable to head and neck cancer for the 

lifetime of the cohort; IncHN
t
: Incidence of head and neck cancer in year (t)

For the non-immunized cohorts the age – and gender – specifi c mortality at 
each year was multiplied with the number of survivors at the beginning of 
each year (t). The resulting deaths at each year were summed to produce the 
total HPV attributable mortality. 

Epidemiological calculations: MorbidityEpidemiological calculations: Morbidity
Equation 4 illustrates the incidence calculation for cervical cancer for the 
immunized cohorts. Similar calculations were conducted for each of the 
scope HPV – related diseases. Thus, following immunization against HPV 
with the quadrivalent HPV vaccine: 

CC  = ∑ S × IncCC × (1 − ) ×  (4)  

Where eff CC: Effi  cacy of the quadrivalent HPV vaccine against cervical cancer 
incidence, ad-justed for the proportion of cervical cancers attributed to the 
vaccine HPV serotypes; Cov: Vaccination coverage. 
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Economic appraisals Economic appraisals 
The fi scal CBA was conducted as illustrated in equation 5 and equation 6. 
Furthermore, a cost: benefi t ratio was calculated as a proxy measure of return 
on investment. 

= ∑    

( )
+∑       

( )
(5)  

Net Benefit fiscal = (BOD  non-immunized - BOD  immunized ) – Immunization cost       (6) 

The societal analysis was conducted following a similar approach however, 
instead of the expected annual gross tax, the expected annual earnings was 
factored into the calculations. 

The generational accounting assessment of net discounted tax was assesses 
using equations 7-9.

=  ∑
( )

      (7)  

Where in year t:  

=  +   +    (8)  

=  +  +     (9) 
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Summary 
Infectious diseases impose a considerable mortality and morbidity burden 
to susceptible adult populations and high economic costs to patients 
and government-funded health care systems. Eff ective population-based 
immunization programs may prevent life-threatening diseases [diphtheria, 
tetanus, seasonal infl uenza, pneumococcal diseases] as well as diseases 
which adversely impact patients’ quality of life [pertussis and herpes zoster]. 
Governmental investments in immunization may off er a range of broader 
immediate, short and long-term benefi ts that conventional economic 
evaluations dismiss. This study employed a “government perspective” 
analytic framework to estimate the governmental return on investment 
for immunizing adults in the Netherlands. A cohort model was developed 
simulating the epidemiology, health and social insurance costs and the lifetime 
tax of immunized and non-immunized individuals aged 50. Immunization 
was estimated to result in discounted lifetime health and social insurance 
cost-savings of €6.6 million and €4.2 million, respectively. Moreover, 
immunization was linked to a discounted gross tax revenue gain of €537 
million over the remaining lifetime of the cohort. Based on the investment 
costs of vaccinating those aged 50, immunization yielded a benefi t-cost ratio 
of 4.02, suggesting a 4-fold rate of return for the government.

Introduction
Infectious diseases impose a considerable mortality, morbidity and economic 
burden to susceptible populations and health care systems. A considerable part 
of this burden could be prevented through universal immunization programs. 
Although much attention has been paid to childhood immunisation, many 
vaccinations are available for adults to prevent life-threatening diseases 
[diphtheria, tetanus, seasonal infl uenza, pneumococcal diseases] as well as for 
diseases which adversely impact patients’ quality of life [pertussis and herpes 
zoster]. For example, infections of the lower respiratory track (pneumonia 
and infl uenza) are a leading cause of death in adulthood. By contrast, due to 
universal childhood vaccination and boosters, diphtheria and tetanus have 

5



Novel Economic Perspectives on Prevention and Treatment

68

become very rare infections in Europe1. This illustrates that maintaining high 
vaccination throughout all age groups, including adults, especially aged above 
50, is essential to protect the population and avoid the risks of outbreaks1. 

It is increasingly recognized that diseases resulting in individuals 
withdrawing from the work force, absenteeism and working ineffi  ciently (i.e 
presenteeism), retiring or dying prematurely have economic and therefore, 
fi scal consequences for governments2. Moreover, in light of an ageing 
population, and consequently a shrinking labor force, Governments are 
under pressure to maintain sustainable health care systems3. Considering the 
strength of evidence in relation to the economic benefi t of healthy working-
age adults, it is likely that adult immunization programs can contribute to 
both public health and economic goals4-9. Indeed, governmental investments 
in immunization programs may off er a range of immediate, short-term and 
long-term economic benefi ts. Foremost, immunization has been frequently 
reported to result in effi  cient use of health care expenditures10. Furthermore, 
several economic analyses suggest that immunizations are likely to be cost-
eff ective strategies for those aged 50 years. Hence, adopting a life-course 
approach to immunization as part of healthy ageing policies and implementing 
immunization programs for adults aged above 50 may tackle the clinical and 
economic burden of infectious diseases.

In working-aged adults, recent investigations highlight how poor health can 
infl uence governments, both in terms of increased spending on transfer 
programs from the government to the citizens ( i.e disability costs and social 
insurance costs for increased abseentism) and lost tax revenues attributed 
to premature mortality11, 12. While many think of older generations as being 
net users of government fi nanced programs, the study of Health, Ageing 
and Retirement in Europe demonstrated that elderly populations, despite 
diminishing earnings, have a signifi cant residual societal and fi scal value in 
terms of disposable income and consumption which translates into tax revenue 
for the government13. 

To better understand the economic benefi ts for government attributed to 
adult immunization, we estimated the gross tax receipts to the government for 
immunizations against communicable diseases (diphtheria, tetanus, pertussis, 
seasonal infl uenza, pneumococcal diseases, and herpes zoster) commonly 
administered to adults in The Netherlands based on changes in morbidity 
and mortality attributed to each immunization. To assess the fi scal impact of 
adult immunisation, this study followed a lifetime modelling approach which 
considered how investments in immunisation infl uence ongoing tax revenues 
to government (e.g. income tax, value added tax, social insurance contributions). 
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Methods and data
A “government perspective” assessment framework was used to compare the 
economic benefi ts associated with immunizing a cohort of adults aged 50 to 
the costs of immunizations. A cost-benefi t analysis was conducted comparing 
the costs of immunizations with the short and long-term benefi ts resulting 
from immunizations for the government. The fi scal analysis framework 
described here is based on a methodology previously applied to childhood 
immunization14, 15. This framework has been adopted because a conventional 
economic framework for evaluating health conditions predominantly focuses 
on direct costs of health care, and dismisses the wider costs and benefi ts of 
changes in population health on the public sector. Adopting a “government 
perspective” approach to evaluate investments in health and resulting changes 
in morbidity and mortality provides a framework to estimate how governments 
benefi t from adopting adult immunization programs. Specifi cally, assessing 
the impact that communicable conditions can have on productive capacity and 
consequently infl uencing future tax revenue for government2, 16. Similarly, costs 
that arise from severe morbidities linked to communicable conditions such as 
pneumococcal infection can give rise to additional costs to government (e.g., 
disability payments, social services and social insurances) for government, in 
addition to the traditional direct health costs2. 

To assess the fi scal impact of adult immunization a cohort model was 
developed in order to simulate the lifetime of an immunized and a non-
immunized cohort of 50-year-old Dutch individuals. The age specifi c 
incidence of the scope infectious diseases and the corresponding mortality 
were multiplied with the number of survivors at each year t. Incident cases 
and deaths were reduced by the disease specifi c risk reduction attributed to 
immunizations. The non-immunized cohort was considered representative 
of the current situation in the Netherlands because current age-cohorts of 50 
year old adults are not typically immunized against the under study diseases. 

An illustration of the economic assessment methods used and the costs and 
benefi ts considered in the economic analysis is presented in Table 1. The 
discounted total lifetime direct and indirect tax (eg, value added taxes) for a 
single cohort (N = 233,170) of immunized and non-immunized working-age 
adults aged 50 was projected. The increment of the total discounted lifetime 
direct and indirect tax between immunized and non-immunized cohorts 
was quantifi ed. In addition, the study projected the incremental discounted 
direct medical cost-saving resulting from the reduction of morbidity and 
the prevented discounted disability costs. The indirect benefi t of reducing 
the sick-days cost burden for the national insurance was also estimated 
as a benefi t resulting from immunization for the working-aged adults. 
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The aforementioned discounted economic benefi ts were compared to the 
discounted total cost of immunization. Vaccination costs were deducted from 
the total benefi ts of vaccinations to calculate the Net Benefi t of investing in 
an adult vaccination program. Moreover, the Benefi t-Cost ratio was applied to 
refl ect the rate of return from investing in vaccinations from the perspective 
of the Dutch government (Table 1). 

Table 1 Model’s analytic framework 

Benefi ts 

Immunization  benefits  =
( Incremental  Gross  Tax + Health cost savings + NI burden  reduction  )

( 1 + r)
 

•  For non-retired individuals gross tax is the sum of labour income tax paid by individuals 
and indirect or consumption tax. A proxy of consumption tax was estimated by multiplying 
the VAT rate by the disposable income of individuals. 

•  For retiredFor retiredFor  individuals, indirect or consumption tax was considered as the benefi t for the 
government. Indirect tax was considered as the proportion of disposable income that goes to VAT

•  Health costs and NI burden were estimated as the sum of health – care costs, social 
services and disability costs resulting from the scope diseases

Costs

Immunization  costs =  
Cov xCost  x S

( 1 + r)
 

Infl uenza immunization was considered to take place every year 
Increments refer to the diff erence between the immunized and non-immunized cohorts of 
working-age adults, aged 50. Where r: discount rate; t: year; j: Vaccine type; Cov: Vaccination 
coverage rate; Cost: Vaccine cost; St: Number of survivors in year t; NI: National insurance 

Economic assessments 
• Net benefi t = Immunization benefi ts – Immunization costs 
• Benefi t/Cost ratio (considered as ROI) = Immunization benefi t/Immunization cost

Table 2 illustrates the various epidemiological sources and economic data 
used in this research. Epidemiological data were obtained from the published 
literature and statistical databases. Specifi cally, age-specifi c incidence and 
mortality data were obtained for the infectious diseases under study17-20. The 
current life expectancies were obtained from life tables18. For consistency 
with other published economic analyses, cost-eff ectiveness analyses in The 
Netherlands were used to identify the direct medical cost per infection case, 
the number of sick-days lost per infection case and the percentage of infected 
persons that became disabled as a result of infections. The eff ectiveness of 
immunizations, in terms of reduction of incidence and mortality, was also 
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obtained from cost-eff ectiveness analyses for The Netherlands (Table 2). 
Costs per immunization consisted of the cost per total vaccination course 
needed plus the institutional cost per vaccine course in The Netherlands21. In 
this research, the historical coverage immunization rate of 77% for Infl uenza 
vaccination was modelled and compared to a non-immunization scenario 
(Table 2). Disability annual costs per disability case were estimated based on 
the national aggregate statistics18.

Table 2 Health economics and vaccination inputs

Variables Infl uenza36, 40 Pneumonia37 IPD37 Pertussis38, 41 Diphtheria Tetanus Herpes 
zoster20

Direct per case 
medical cost

87 1,462 1,541 1,031 0 0 179

Abseentism 
(sickdays) 
per case

3.25 5 5 5.98 0 0 10.1

Disability cases 0% 1.5% 1.5% 0% 0% 0% 0%
Reduction 
incidence

27% 11% 97% 89% 0% 0% 67%

Reduction 
mortality

42% 11% 97% 89% 0% 0% 0%

Immunization 
coverage39

77% 77% 77% 77% 77% 77% 77%

Vaccination cost 
per immunization

12.35 137.12 18.30 77.00

Institutional costs 
per immunization 
administered37

5.95 11.90 5.95 5.95

Sources: 36, 37, 38, 39, 20, 40, 21, 41

Booster doses were not considered for any of the assessed immunizations
IPD, invasive pneumococcal disease

The national statistics were researched to identify age-specifi c earnings which 
were, in turn, adjusted for labor force participation by age18. Age-specifi c 
annual earnings and disposable income were obtained from published sources. 
Specifi cally, the household surveys were used to quantify the age-specifi c level of 
earnings, disposable income and direct tax paid by an average individual over his or 
her lifetime. Moreover, the progressive tax system that applies to The Netherlands 
was modelled22. Costs and benefi ts were discounted at the long-term (10-year) 
bond rate23 of the European Central Bank (1.8%). The latter rate was used to infl ate 
costs and earnings to refl ect future cost-infl ation and wage productivity changes. 

Results
The universal adult immunization program for the vaccine-preventable diseases 
in the Netherlands was projected to prevent 34,528 infectious disease cases over 
the remaining life span of the cohort, and roughly 5,782 premature deaths from 
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infections. It was estimated that immunizations may reduce the number of lost 
work-days by 127,480 days with an estimate of 29 fewer disability cases over the 
remaining working years for those vaccinated at 50-years of age. The majority 
of infection cases prevented was attributed to immunization against herpes 
zoster which is associated with a frequent and high morbidity burden, followed 
by the prevention of seasonal infl uenza. The cumulative preventable mortality 
burden, over the life span of the cohort, was estimated at 736 deaths related to 
invasive pneumococcal diseases and 3,126 and 1,921 related to pneumonia and 
infl uenza-attributable deaths, respectively (Figure 1).

The health cost savings was projected to reach €6.6 million (Table 3). 
Immunization resulted in €4.2 million social insurance savings paid 
towards disability and sick day payments to workers and prevented the cost 
of €502,426 in disability benefi ts resulting from the infectious diseases 
under study (Table  3). The most signifi cant economic benefi t was linked 
to future lifetime tax contributions from implementing adult vaccination. 
Immunization would result in a gross tax revenue gain of €537 million over 
the remaining life years of the cohort (Table 3). As this benefi t refl ects the 
discounted gross tax revenue for the government due to the prevention of 
premature mortality, the distribution of this benefi t across the preventable 
diseases was proportional to the distribution of preventable deaths.

The budgetary estimates for vaccinating a cohort of individuals aged 50 
was estimated to be €136 million, which includes annual costs for infl uenza 
vaccination for the remainder of life. Based on the investment costs of 
vaccinating those age 50 in the year 2012, the project revenue gains yielded 
a net benefi t (discounted benefi ts minus discounted costs) of roughly €426 
million and benefi t-cost ratio of 4.02 (Table 3). 

Table 3 Break-down of discounted lifetime total costs and total benefi ts of immunization for 
the Dutch government

Government budget item Value Incremental 
Fiscal impact

Medical cost-savings Savings €6,651,724

Productivity loss (social insurance) Savings €4,199,281

Prevented disability costs Savings €502,426

Gross discounted tax Revenue €537,394,410

Total discounted economic benefi ts of immunization (1) €558,224,329

Total discounted cost of immunization (2) €136,878,803

Net benefi t [Discounted Benefi ts – Discounted Costs] (1)-(2) €421,345,527

Benefi t: cost ratio [Discounted Benefi ts: Discounted Costs] (1) : (2) 4.02
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Figure 1 Age-specifi c, infection-a� ributable deaths for immunized and non-immunized cohorts 
of working-age adults aged 50

50 60 80 90 100

Non-immunized

An
nu

al
 d

ea
th

s

70

Age

Influenza

Immunized

600

500

400

300

200

100

0

50 60 80 90 100

Non-immunized

An
nu

al
 d

ea
th

s

70

Age

PCV

Immunized

80

60

40

20

0

50 60 80 90 100

Non-immunized

An
nu

al
 d

ea
th

s

70

Age

Pneumonia

Immunized

2,500

2,000

1,500

1,00

500

0



Novel Economic Perspectives on Prevention and Treatment

74

Discussion
Over the past century, dramatic reductions in morbidity and mortality 
in developed economies have provided considerable economic benefi ts 
to nations as people have lived longer, more productive lives24. To a large 
extent, vaccination has contributed to these economic benefi ts14. In coming 
generations, the opportunities for economic growth are under threat due 
to fewer numbers of working-age adults supporting tax fi nanced public 
programs. Europe’s population is ageing rapidly and by 2025, nearly 50% of 
Europeans will be 50 years or older. By 2050, it is estimated that two people 
of working age will support one “retiree”, as opposed to 4 at present. The 
European Commission estimates that, in most EU Member States, health care 
spending will increase by approximately 25% (gross domestic product) due to 
the growing numbers of older citizens alone25. 

As many Member States seek opportunities to improve productive capacity, 
and reduce unemployment, adult immunization policies could be one of the 
contributors to achieve these goals. In recent years many OECD countries 
have started to increase the legal age of retirement to alleviate strains on 
pension budgets26. For pension reforms to succeed requires not only public 
acceptance, but also provision of appropriate health care and preventative 
services to ensure workers are healthy enough to remain in the workforce. If 
one considers that health status is one of the main determinants of retirement, 
then investing in health and preventative measures is a sensible solution to 
prolonging productive working years27, 28. Furthermore, when these policies 
are viewed in light of studies showing that higher proportions of older workers 
may contribute to reduced youth unemployment rates, the potential economic 
benefi ts of a healthy cohort of older workers could be amplifi ed. 

Increasingly disease prevention is at the top of the policy agenda in Europe 
as a means to reduce patient burden and demand for health care29. This is 
particularly relevant for older persons that often have chronic conditions 
making them susceptible to infectious diseases. It is likely that cost savings 
can also be achieved through improved prevention as noted in previous 
investigations indicating for every $1 invested in childhood vaccines, $5 in 
direct health costs can be avoided, and $11 in societal value can be obtained30. 
However, current spending patterns continue to focus on inpatient and 
outpatient services with prevention budgets representing less than 3% of 
annual health budget in most EU countries, with declines in vaccination 
coverage observed in several countries31. 

As the number of working-age adults is starting to shrink, the importance 
of a healthy workforce for maintaining economic growth is one of the 
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opportunities where health policy and vaccination programs can infl uence 
population health and in-turn economic outcomes15, 24, 32. The risks associated 
with an ageing society are not only economic. Considering the increased 
demands of an ageing population on public fi nances and the necessity to 
increase taxes on those working to fund commitments to social programs, 
commentators have suggested that age-related expenditure patterns 
could lead to intergenerational confl ict between generations33, 34. Indeed, 
research into intergenerational inequity has noted a steady deterioration in 
intergenerational fairness over the past two decades, with increasing burden 
being placed on younger generations35.

To put into context the fi scal analysis described here, it is important to 
understand the magnitude that ill-health can have on governments. In 
2008, a report commissioned by the UK government, describing the impact 
of ill health in working-age adults, suggesting that health care costs of 
illness represented only 8-15% of total government costs. The fi ndings of 
the report suggest that applying a health service or societal perspective 
analytic framework to evaluate health, in working-age adults, would not take 
into account approximately 90% of costs that fall on the UK government 
attributed to lost taxes and increased public transfers11. With regard to the 
economics of vaccines it has also been argued that neither cost-eff ectiveness 
nor cost-benefi t analysis has taken full account of the broader economic 
impacts of immunization14. In the light of this, our analysis attempted to 
quantify the fi scal benefi t in terms of gross tax revenue, health service and 
social insurance savings that an adult immunization program against seven 
preventable infections may yield. 

Our results suggest that every €1 invested in adult vaccination commencing 
at the age of 50 would yield €4.02 over the lifetime of the cohort. The 
economic consequences of reducing the number of infectious cases in adults 
was projected to yield a range of benefi ts for government including medical 
cost-savings reduced disability costs and increased tax revenue linked to 
labour force activity. To estimate this entails accounting for future income 
tax payments based on retirement at the age of 67, lifetime value added tax 
contributions, and social insurance contributions, based on changes in 
morbidity and mortality linked to immunization. These three transfers from 
citizen to state over their remaining lifetime refl ect the fi nancial value of 
changes in tax revenue linked to infection rates from the perspective of the 
Dutch government. 

There are several limitations that need to be taken into consideration 
when considering the analysis described here. Firstly, the fi scal modelling 
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framework, like other government cost-benefi t analyses, is based assumptions 
regarding future economic conditions which can infl uence productivity, 
growth and wages. Due to uncertainty about the future these assumptions 
are held constant in the analysis. Although it is recognized that changes 
in macroeconomic parameters in the future could seriously infl uence the 
conclusions drawn here. Secondly, the current analysis is based on the 
hypothesis that the elderly have a substantial residual economic value for 
the society and the government and on the hypothesis that societies prefer 
more survival for the elderly compared to less survival. Thus, pensions were 
considered a source of income which is, in turn, partly transferred back to the 
government in the form of indirect or consumption tax. In fi scal accounting 
terms, pensions represent a cost for the government. An economic analysis 
for the elderly though, taking into account the excessive costs of pension 
resulting from increased mortality due to immunizations would implicitly 
suggest that less survival is cost-benefi cial thus, preferred over a higher 
quantity of survival. In addition, consumption or indirect tax may have 
multiplicative eff ects through consumption multipliers which were not 
included in the present research. 

The analysis described here demonstrates that investments in adult 
immunization yield positive benefi ts for government in terms of cost 
savings and increased tax revenue. Although this analysis is specifi c for the 
Netherlands, the results are relevant for countries across Europe, because 
they share many features in terms of tax burden and social transfer costs. 
Whilst there could be some variation across Europe one would expect to 
fi nd consistency in terms of the productivity gains and associated gross tax 
revenue linked with adult immunization. 

Past analyses of vaccines have focused on the economic burden associated 
with ageing populations, often alluding to the residual economic value of 
older persons. Our fi ndings are consistent with a study of Health, Ageing and 
Retirement in Europe (2005) which demonstrated that elderly populations, 
despite diminishing earnings have a signifi cant residual societal and fi scal 
value in terms of disposable income and consumption which translates into 
tax revenue for the government. Considering the impending fi scal challenges 
associated with an ageing population, the fi ndings described here could be an 
important consideration in future health policies13.

Maintaining people in the workforce, healthy and productive are a key 
priority for public debt sustainability and economic growth. Health may 
positively impact the economy through several channels which infl uence 
productive output and creativity. In turn, this growth can lead to improved 
tax revenue for the government that can be channelled to public investments 
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and to stimulate the economy with multiplicative economic eff ects. This 
cyclical nature of health, investments in health, and fi scal benefi ts has been 
highlighted by the WHO and can contribute to sustainable public fi nances2. 

Our analysis is pertinent not only to countries with tax-funded health systems 
but also to countries with high rates of private health care. Nevertheless, in the 
former systems increasing tax revenues is core to sustaining an eff ective health 
care system. European policy-makers may wish consider comprehensive 
adult vaccination programs as one of the policy options for improving 
the welfare of society that will also infl uence a broad range of economic 
outcomes, and enable people to extend their working years. Indeed, public 
investments in adult vaccination are shown to provide signifi cant return on 
investment attributed to reduced government expenditure and increased tax 
revenues (approximately 4-fold in the prototype study of the Netherlands). 
Furthermore, intergenerational fairness is an important policy consideration 
with respect to how resources are allocated throughout members of society 
and those that are required to pay for public programs. 
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Summary

ObjectiveObjective
To estimate the long-term fi scal consequences of attention defi cit hyperactivity 
disorder (ADHD) on the German government and social insurance system 
based on diff erences in educational attainment and the resulting diff erences 
in lifetime earnings compared with non-ADHD cohorts. 

Methods
Diff erences in educational attainment between ADHD and non-ADHD 
cohorts were linked to education-specifi c earnings data. Direct and indirect 
tax rates and social insurance contributions were linked to diff erences in 
lifetime, education-specifi c earnings to derive lost tax revenue in Germany 
associated with ADHD. The framework enabled us to investigate potential 
benefi ts from investments in hypothetical interventions that could improve 
the educational attainment of ADHD individuals. 

Results
The lifetime net tax revenue for a non-ADHD individual was approximately 
€80,000 higher compared to an untreated ADHD individual. The fi scal 
burden of untreated ADHD, based on a cohort of n=31,844 born in 2010, was 
estimated at €2.5 billion in net tax revenue losses compared with an equally-
sized non-ADHD cohort. ADHD interventions providing a small improvement 
in educational attainment resulted in fi scal benefi ts from increases in lifetime 
tax gains. The projected rate of return suggests that for each Euro spent on 
a new ADHD intervention the government and social insurance system may 
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gain €1.39 in lifetime discounted net tax revenue and €3.02 in discounted 
gross tax revenue. 

Conclusions
ADHD results in long-term fi nancial loss due to lower education attainment 
and lifetime reduced earnings and resulting lifetime taxes and social 
contributions paid. Investments in ADHD interventions allowing more 
children to achieve their educational potential may off er fi scal benefi ts 
generating a positive rate of return. 

Background
Attention defi cit hyperactivity disorder (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 DSM-IV and ICD-10 criteria1-3. The disorder is relatively common with 
estimated prevalence rates, in the US and Germany, of 4-12% in children4

depending on the diagnosis criteria applied, and consistently above 4% in 
adults5, 6. The time to ADHD diagnosis can often be delayed with estimates 
suggesting up to 18 months until diagnosis in some cases, and for ADHD 
adults, in the majority of cases no childhood diagnosis was reported6.

Numerous studies have described the impact that ADHD can have on 
educational outcomes. For example, children with ADHD are regularly found 
to have lower educational attainment, increased likelihood of dropping out of 
school and grade retention compared to children without ADHD7-10. Although 
reduced educational performance in ADHD children has some immediate 
societal cost implications, the costs of reduced educational achievement may 
reduce lifetime opportunities for ADHD individuals because of education-
linked wage eff ects that will persist over the course of life11, 12.

Education is deemed as a human capital asset that aff ects individuals and 
society suggesting that the economic impact of ADHD on educational 
attainment can be manifold when considered over the lifetime of the 
individual12. In human capital economics, the relationship between higher 
educational attainment and earnings is well-established12-14. Hence, 
considering the economic losses associated with ADHD, in particular those 
linked explicitly to education, it should be possible to investigate the positive 
eff ects which interventions that improve educational achievement can have 
on governments’ fi scal accounts. Economic investigations of ADHD that 
focus solely on health service costs likely underestimate the true costs as 
they fail to consider the psychosocial consequences of the disorder in adults, 
which include reduced work activity, increased substance abuse and traffi  c 
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accidents, more frequent incarceration, higher rates of unemployment, and 
increased mortality, all of which represent costs for the society15, 16.

The health service and societal impact has been investigated in burden of 
illness studies17. However, it is increasingly recognised that medical conditions 
that cause people to withdraw from the work force, work ineffi  ciently (i.e 
presenteeism), retire or die prematurely can also impact governments18. In 
this context, it is possible to quantify increased government and/or social 
insurance costs to individuals with ADHD due to higher health care spending, 
unemployment costs, disability, and the consequences of abnormal social 
norms such as drug addiction and incarceration. In addition, reduced earnings 
and employment opportunities in ADHD adults represent lost tax revenue 
for governments and the social insurance system that can be assessed using 
accepted human capital and fi scal accounting methods19. 

In this study we aimed to estimate the fi scal consequences of untreated ADHD 
and the theoretical benefi ts attributed to interventions that may change 
educational attainment in ADHD populations.

Methods and data 
We based our estimations on the established relationship between education and 
lifetime earnings13, 14, 20, 21. To estimate the fi scal consequences of untreated ADHD 
from the government perspective, we linked education-specifi c earnings in 
Germany to previously published data demonstrating diff erences in educational 
attainment for ADHD individuals compared with non-ADHD individuals9. By 
applying direct and indirect taxation rates, and unemployment rate diff erences 
between ADHD and non-ADHD cohorts, we assessed the fi scal consequences 
attributed to ADHD. Additionally, the framework enabled us to explore how 
changing educational attainment based on ADHD interventions, introduced 
early in life, will infl uence government fi scal accounts. 

The analysis described here follows the methodology described by Connolly 
et al.,22 to project revenue implications for government from investments 
in assisted reproduction programmes. The analysis for ADHD and non-
ADHD individuals was based on the educational attainment data reported 
for a German, matched-controlled population9. The study used aimed at 
systematically assessing the profi le 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 diff ered from patients with pure ADHD in their psychosocial 
functioning. The study reported educational attainment and unemployment 
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data reporting that 8.6% of untreated ADHD individuals held a university 
degree and 61.4% graduated from occupational training. In contrast, the 
corresponding fi gures for non-ADHD controls were 25.7% and 60%, for 
university and occupational training, respectively. In addition, the reported 
unemployment rate was by 25% higher for untreated ADHD individuals 
compared with the control group. 

A simulation model was constructed quantifying the lifetime government 
transfer payments attributed to average German individuals with ADHD and 
without ADHD. Government transfer payments represent annual money 
fl ows from governments to their citizens for services such as health care and 
education and disability allowances and benefi ts. The model generated the 
gross tax revenue which is the present value (PV) of the accumulated direct 
and indirect tax and social insurance paid by average German ADHD and 
non-ADHD individuals (equation 1). In addition, the model projected the net 
tax revenue for the government by deducting government transfer payments 
from the gross tax revenue. The net tax revenue was presented as the fi scal 
Net Present Value (NPV) of ADHD and non-ADHD individuals at any point 
in time (equation 2). Furthermore, the model evaluated a hypothetical long-
term health intervention, described in the following sections of this study, 
which was considered to infl uence educational achievement and estimated 
the return on investment for the government in terms of the gross and net tax 
revenue that would result from future education-linked earnings.

=
( )

   (1) 

=

( )

( )
  (2) 

 
Where j: ADHD status; i: Year; r: Discount rate; Lp: Life expectancy (until the 
age of retirement)

In order to project the future lifetime earnings of an average individual in 
Germany, we employed the simplest form of the Mincer model according to 
which lifetime earnings are a function of schooling years and work experience 
and 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 individuals14, 21. A study estimating 
the coeffi  cients of a Mincer function for Germany was identifi ed from the 
literature23. The study used the 1985-2001 German Socio-Economic Panel 
study (GSOEP), a dataset consisting of individual and household micro-data 
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which was considered a good refl ection of the overall German population23. 
In order to refl ect current prices and consistent with the generational 
accounting methodology24, earnings were infl ated over time to refl ect annual 
increases in productivity. We assumed a productivity infl ation rate equal to 
the current infl ation rate of 2.80%25 which we also applied to all government 
transfer costs included in the model in order to avoid an overestimation of 
lifetime earnings. The projected earnings were adjusted for unemployment 
using current age-specifi c unemployment rates in Germany in non-ADHD 
cohorts and accounting for 25% higher unemployment in untreated ADHD 
individuals as previously described9. 

The transfer payments considered in our analysis were education, health care 
costs and all other non-defi ned transfer payments. Education cost data, by 
level of education, were obtained from the published literature and adjusted 
to refl ect current prices26. Non-defi ned transfer payments from the German 
Household survey were included to refl ect transfers from the government to 
individuals. Transfer payments also showed an age-specifi c pattern27. Therefore, 
an exponential mathematical form was applied to the available data in order to 
interpolate non-defi ned transfers over the timeframe of the model28. 

Annual costs of treating ADHD in Germany were included in the model 
based on the study reported by Schlander et al29. The annual average health 
costs including costs of medicines and doctor consultations for people with 
ADHD ranged from €520 – €1,147, and the relationship was age-dependent 
with higher costs in older subjects. The age-specifi c ADHD costs reported 
by Schlander were interpolated in order to derive a cost for ADHD over 
the lifetime of people with ADHD. In addition to the costs described by 
Schlander, in the model we included an additional cost of €350 associated 
with introducing a new therapeutic or pharmacological intervention for the 
treatment of ADHD. In the model it was assumed that ADHD individuals 
have higher health costs even if they are not treated for ADHD, due to more 
resource-intense health seeking behaviours. All costs were converted to 2010 
prices and infl ated at the current annual cost infl ation rate25. 

Government tax revenue was modelled as a function of age-specifi c earnings. 
The types of tax modelled were the direct and indirect taxes (e.  G. VAT for 
consumption) and social insurance contributions. Other tax that may 
apply to Germany such as road tax and property tax were omitted from 
this study suggesting our estimate of annual per capita tax receipts were an 
underestimate. At each year in the model, direct and indirect taxes represented 
a fi xed percentage of an individual’s earnings.
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Table 1 Cum
ulative discounted gross revenue and net tax revenue at diff erent tim

e points for untreated AD
H

D
 and non-AD

H
D

 individuals w
ith sim

ulated changes in 
education gains w

ith treatm
ent

N
on-AD

H
D

U
ntreated AD

H
D

AD
H

D
 Intervention sim

ulation
Conservative scenario

AD
H

D
 Intervention sim

ulation
O
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istic scenario

Educational 
a� ainm

ent

Secondary education
14.20%

30.00%
18.64%

15.14%

O
ccupational training

60.00%
61.40%

70.61%
73.68%

U
niversity degree

25.70%
8.60%

10.75%
11.18%

Analysis population (cohort/individual)
Individual

Cohort
Individual

Cohort
Individual

Cohort
Individual

Cohort

(n=1)
(n=31,844)

(n=1)
(n=31,844)

(n=1)
(n=31,844)

(n=1)
(n=31,844)

N
et tax revenue

Year25
-€92.994

-€2.963.101.786
-€101.055

-€3.219.969.526
-€106,318

-€3.387.659.571
-€106,874

-€3.405.378.054

Year35
€34.423

€1.096.829.895
€7.381

€235.191.897
€5,092

€162.250.653
€5,387

€171.651.426

Year45
€153.577

€4.893.490.313
€107.619

€3.429.108.409
€108,201

€3.447.664.357
€109,318

€3.483.253.702

Year55
€255.725

€8.148.297.426
€192.438

€6.131.749.379
€195,502

€6.229.365.145
€197,329

€6.287.583.203

Year65
€322.786

€10.285.088.327
€244.938

€7.804.574.507
€249,885

€7.962.205.890
€252,251

€8.037.601.780

G
ross tax revenue 

Year65
€632.638

€20.158.060.954
€567.977

€18.097.756.056
€576,915

€18.401.966.790
€583,031

€18.489.812.051
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To estimate the fi scal consequences of untreated ADHD nationally, a cohort 
analysis was simulated applying an ADHD prevalence of 4.7%6. The model 
applied the same annual survival probabilities of the general German 
population30 for both untreated ADHD and non-ADHD individuals. In order to 
estimate the productive life expectancy of an individual, the model assumed 
that individuals with secondary education, occupational training and 
university degrees enter the work force at diff erent ages. The time horizon 
of the analysis was set at the age of retirement and average retirement age 
was set at 65 years for both ADHD and non-ADHD individuals. A progressive 
tax rate of 18.7% – 27% was used for direct taxes, and national insurance 
contributions were set at 20.5%31. Based on authors’ calculations from the 
2008 German household survey data, the disposable income was set at 47.5% 
of total income and the indirect tax at 20%29. Finally, the European Central 
Bank discount rate of 1.75%32 was used to discount future government costs 
for transfer payments and tax revenue. 

Results
The annualised undiscounted government spending and gross tax revenue for 
an average individual with untreated ADHD and without ADHD is illustrated 
in Figure 1. Based on the educational attainment probabilities for Germany 
the model predicted that an untreated ADHD individual generates lower gross 
tax revenue and marginally higher lifetime government transfer payments 
(health care, education and non-defi nable transfer payments), compared to a 
non-ADHD individual. In particular, the model output illustrates that during 
the fi rst two decades of life, untreated ADHD and non-ADHD individuals incur 
mainly costs for governments attributed to education, health care and non-
defi ned transfers. An untreated ADHD individual incurs lower educational 
costs since there is less likelihood of attending tertiary education compared 
to a non-ADHD individual. However, an untreated ADHD individual is 
expected to incur higher health care costs. Between the ages of 17 and 24 we 
can observe increased government gross tax revenue as a result of individuals 
entering the work force and starting to pay taxes. Costs rise during the later 
stages of life since wages start to diminish whilst health care and all other 
transfers costs rise (depicted as negative in Figure 1). 

Table 1 illustrates the gross and net tax revenue generated by the model 
for ADHD and non-ADHD groups along with the underlying educational 
attainment proportions. In addition, the table presents the corresponding 
results and underlying educational attainment proportions for the 
hypothetical ADHD-targeting intervention. The gross tax revenue at the 
age of retirement for an ADHD and non-ADHD individual was €567,977 and 
€632,638, respectively, implying that ADHD imposes a fi scal burden for 
the government as it results in less tax revenue. The diff erence in gross tax 
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revenue indicates the size of the lifetime fi scal burden which was estimated 
to be €64,660 per ADHD individual. The net tax revenue results indicate that 
both ADHD and non-ADHD individuals carry a negative fi scal balance as they 
consume publically-funded health care, allowances and education services. 
However, as they enter the work force the government transfer payments are 
paid back through direct and indirect taxes. The age at which the accumulated 
gross tax revenue outweighs the accumulated government spending for 
transfer payments, in other words, the age at which an individual’s net tax 
revenue turns positive, was 35 and 33 for ADHD and non-ADHD individuals, 
respectively. By the age of retirement, an ADHD individual generates net tax 
revenue of €244,938. The corresponding net tax revenue of a non-ADHD 
individual was €322,786. Thus, the estimated net fi scal burden of ADHD was 
estimated at approximately €80,000 per person. 

Figure 1 Annualised tax revenue and government costs by ADHD status over the life course for 
untreated ADHD and non-ADHD individual
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Based on 677,947 births in 201030 we estimated 31,844 ADHD children that do 
not receive any treatment, assuming a 4.7% ADHD frequency of the condition 
in the cohort, and compared them with an equal cohort of non-ADHD controls 
to derive the national gross and net fi scal burden of ADHD. The results of the 
national analysis showed that by the age of retirement, the gross tax revenue 
was €18.1 and €20.2 billion for ADHD and non-ADHD cohorts, respectively, 
implying a gross lifetime fi scal burden of more than €2 billion. The net tax 
revenue for the government was €7.8 billion for ADHD and €10.3 billion for 
non-ADHD cohorts suggesting a net tax revenue burden of €2.5 billion for the 
government and the social insurance system. 
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In order to evaluate the potential returns for government from investing in 
interventions that target ADHD symptoms in early life, and may change the 
expected educational attainment, a hypothetical ADHD health intervention 
was treated as a public investment and the benefi ts to government were 
projected in terms of future gross and net tax revenue based on diff erences 
in educational attainment. In the analysis we arbitrarily used a hypothetical 
total daily cost of €0.95, for an ADHD intervention initiated at the age of 7 and 
11-year duration. The hypothetical treatments were assumed to be eff ective 
and thus, infl uence the average educational attainment. To present the fi scal 
impact of a new intervention, we hypothesized two diff erent scenarios for 
the intervention’s potential to treat ADHD and thus, improve educational 
attainment, namely, an optimistic scenario and a conservative scenario. Table 
1 illustrates the educational attainment mix for the two hypothetical scenarios 
and the corresponding gross and net tax revenue at convenient points in 
time. The hypothetical analysis presented here implies that interventions 
may have diff erent eff ectiveness and hence result in diff erent longer-term 
educational attainment outcomes. To isolate the eff ects of education we 
assumed that the new intervention has no eff ect on the unemployment level. 
The results suggested that a small increase in educational attainment may 
generate signifi cant fi scal benefi ts for the government. In the conservative 
scenario, for each euro spent from the German social insurance on the new 
intervention the government is estimated to gain €3.02 in gross tax revenue 
and €1.39 in net tax revenue. 

Discussion
In 2009 the World Health Organisation (WHO) released the WHO Guide to Identify 
the Economic Consequences of Disease and Injury18. Within the WHO guide the 
impact of population health on government was described where the report 
acknowledged that injury and illness can impact government fi scal accounts 
both in terms of lost tax revenue and increased transfers costs. The implications 
of this report suggest that preventing illness would likely have a positive impact 
for government as more people would be working and paying taxes. In the spirit 
of the WHO guide, we sought to understand how ADHD might infl uence fi scal 
accounts using a “government perspective” accounting framework. 

The main outcome metric considered in the economic model described here 
was the diff erences between educational attainment in untreated ADHD and 
non-ADHD individuals that has been reported in numerous studies7-9, 33, 34. In 
economic theory, higher educational attainment implies a higher potential 
for increased lifetime earnings13, 20, 21, 35, 36 which in turn, provides the basis for 
higher tax revenue. When considering the long-term economic prospects 
of a society, the populations’ level of education is deemed as an important 
determinant of economic growth37. An analysis of cross-country data 
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estimated that an additional year of schooling roughly raises the growth rate 
by 0.44% per year37. 

The relationship between educational attainment and ADHD status, based 
on a German specialist centre, has been documented by Sobanski et al. and 
served as the basis for modelling in our study9. When diff erences in education 
achievement are linked with human capital theory regarding education levels, 
earnings and long-term macroeconomic growth, the broader consequences 
of ADHD can be projected based on these diff erences in education13, 14, 20, 21, 26. 
As described in this study, education levels achieved within the population 
can have direct fi scal consequences for government that can be assessed. 
From the perspective of government, reduced educational attainment may 
result in lower lifetime wages for ADHD children and that would, in turn, 
translate into less taxable income and consequently reduced tax revenue 
and social contributions. This fi nding is supported by previous studies in 
the educational literature that highlight lost tax revenue implications for 
governments associated with school dropout rates38. However, it is worth 
noting that there are inconsistencies regarding the impact that ADHD may 
have on educational attainment, with previous studies showing that ADHD 
has limited infl uence on long-term educational outcomes7. 

The likelihood of reduced educational achievement associated with ADHD 
suggests the need to intervene early in life to try and avert some of the 
negative consequences of the disorder. This is particularly important with 
respect to schooling because education is accumulated early in life when 
ADHD symptoms are often fi rst diagnosed and more pronounced. As ADHD 
children progress towards adulthood, even though ADHD symptoms may 
not be present as adults, the manifestation of the disorder on education 
attainment in early life can have a residual education eff ect that lasts 
throughout life. Aligned with this perspective is a policy briefi ng document 
on lifelong learning released by the OECD which noted the importance of 
early childhood for human capital formation i.e education that will help 
children develop the necessary skills to survive in a rapidly evolving world11. 

Our analysis is based on the evidence generated by one exploratory 
observational study in Germany assessing the eff ect of ADHD on educational 
attainment thus, refl ecting the local epidemiologic, social and economic 
characteristics. 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 fi scal consequences 
of the disorder. Our analysis is based on the human capital economics 
assumption of the causal relationship between the level of education and 
lifetime earnings. Ideally, long-term observational data would be required 
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to quantify the lifetime earnings’ diff erences between untreated ADHD and 
non-ADHD individuals. Moreover, our analysis is based on several long-
term projections of volatile economic fi gures which inevitably introduce 
uncertainty. Forecasting key model’s inputs in the long-term, such as the cost 
and productivity infl ation, age-specifi c unemployment rates, government 
transfer payments and health care costs is based on current data which may 
not accurately refl ect the future situation. Predicting the future earnings and 
tax paying capacity of a cohort is dependent on several exogenous parameters 
which may not be included in the current econometric forecast models (e.g. 
technological change, educational policy changes, and tax system reforms). 

Our model assumes that ADHD individuals incur higher health care costs based 
on reported costs from Germany29. However, there is reason to believe these 
costs are an underestimate as behavioural therapy has become more commonly 
used in Germany which would increase treatment cost. Consequently any 
changes in annual treatment costs could infl uence the discounted net tax 
revenue described in this paper. To better understand the fi scal consequences 
of ADHD interventions would require observational evidence to refl ect the 
long-term health care resource use patterns of ADHD adults. Additionally, our 
analysis does not assume diff erences in the survival between ADHD and non-
ADHD individuals, hence future analyses should take into account the net fi scal 
eff ect of survival diff erences between these two cohorts. 

In this research we quantifi ed the fi scal impact of a new ADHD intervention 
on government accounts by modelling diff erent scenarios regarding 
educational attainment. It should be noted that the educational attainment 
used for our scenario analysis were purely hypothetical. In order to accurately 
quantify the fi scal consequences of ADHD-targeting interventions, long-term 
observational data would be needed. Our analytic framework assumes that 
ADHD in children and the reduced educational attainment achieved early 
in life can impact government fi scal accounts when these children reach 
working ages. A recent UK policy analysis highlighted that investments in 
evidence-based prevention, early intervention and treatment for mental 
disorders can have economic benefi ts that go far beyond the health sector39. 
The analysis suggested that, in light of austerity measures, policy appraisals 
should go further than the cost-eff ectiveness and assess the cross-sectoral 
impact not only of treatments but also of preventive actions39. 

In contrast with the traditional technology appraisal methods that measure 
outcomes in quality-adjusted life years (QALYs), our framework projects 
economic benefi ts associated with changes in population health status in 
relation to spending on discrete health programs. In this respect it is possible 
to view models that refl ect the government perspective as budget impact 
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models that assess the eff ect of health changes across diff erent government 
fi scal accounts, and accounts for any tax revenues that may arise through 
increased societal productivity. In this context, the analysis follows a 
discounted cash fl ow methodology widely used in fi nancial analysis. 

Conclusions 
Using methods from human capital theory and the reported educational 
attainment evidence for ADHD and non-ADHD individuals, we showed that 
reduced educational attainment in ADHD represents a signifi cant fi nancial 
burden on government because of reduced taxable income and consequently 
reduced tax revenue. The average lost net tax revenue for each untreated ADHD 
individual represents a loss of approximately €80,000 over the productive 
lifetime. Our analysis suggests that investments in ADHD interventions that 
allow more individuals to achieve their educational potential compared with 
untreated ADHD off ers cross-sectoral benefi ts which can be quantifi ed by tax 
revenue. These benefi ts transcend several sectors of the economy and show that 
a health intervention may generate wider and quantifi able economic benefi ts. 
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Summary 

BackgroundBackground
Attention-defi cit 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.

ObjectivesObjectives
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-benefi t 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 
benefi ts deriving from eff ective interventions targeting ADHD were also 
quantifi ed.

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 
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single cohort (n =31,864). The Benefi t-Cost analysis suggested that reasonably 
eff ective 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 off er both cost-savings and infl uence future economic outputs.

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 attained1-4. Reduced school performance has some immediate 
societal cost implications but more importantly, reduced school achievement 
may reduce lifetime opportunities because of education-linked wage 
eff ects that will persist over the course of life5, 6. An individual’s cognitive 
development and school performance is known to be infl uenced by a number 
of environmental factors. Recently, a set of paediatric conditions has been 
identifi ed as potentially negative infl uencers of performance7. In a review of 
studies assessing the impact of paediatric conditions on school performance 
Karande and Kulkarni8 documented morbidity, neurobehavioral defi cits and 
psychiatric disorders that may result in reduced school performance. Most 
of the identifi ed studies assessed the eff ect 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 employment9. A 
review by Milton and colleagues10 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 appears to have life-long eff ects on cognitive 
development and on the education levels attained11, 12. 

A condition which has been clearly documented to impact educational 
outcomes is attention- defi cit 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 
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and impulsivity according to DSM-IV and ICD-10 code criteria13-15. The disorder 
is relatively common with estimated prevalence rates, in the US and Germany, 
of 4-12% in children16, depending on the diagnosis criteria applied, and has 
been shown to be above 4% in adults17, 18. 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 reported18. 

Numerous studies have described the impact that ADHD can have on 
educational outcomes. In addition, studies have demonstrated that diff erent 
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 ADHD19-21. A study of 
ADHD and non-ADHD individuals assessed the educational attainment for a 
German, matched-controlled population20. The study aimed at systematically 
assessing the profi le 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 
diff ered from patients with pure ADHD in their psychosocial functioning. 
The study demonstrated that ADHD individuals had lower education attained 
compared to non-ADHD individuals as well as a higher probability of being 
unemployed20. 

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 for ADHD 
individuals because of education-linked wage eff ects that will persist over the 
course of life5, 6. In addition to the eff ect 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 individuals22. The 
resulting total societal burden may be high and may thus justify interventions 
eliminating the eff ect 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 benefi ts-cost deriving from eff ective 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 
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with ADHD in childhood compared with a control non-ADHD cohort in 
Germany. In addition, this research aims at illustrating a cost-benefi t 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 disease that may aff ect school performance. 

Methods and Data 
We based our burden of disease estimations on the established relationship 
between education and lifetime earnings1-4, 23. To estimate the economic 
consequences of untreated ADHD we linked education- and age- specifi c 
earnings in Germany to previously published data demonstrating diff erences 
in educational attainment for untreated ADHD individuals compared with 
non-ADHD individuals20. Moreover, we projected the earnings of untreated 
ADHD and non-ADHD individuals and we conducted a cost-benefi t analysis of 
hypothetical interventions of varying costs and eff ectiveness 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 economics1. 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 coeffi  cients of a Mincer function for Germany was identifi ed 
from the literature24. The study used the 1985-2001 German Socio-Economic 
Panel study (GSOEP), a dataset consisting of individual and household 
micro-data. The coeffi  cient estimates of the identifi ed Mincer model were 
subsequently combined with educational attainment levels for ADHD and 
non-ADHD individuals. Earnings were adjusted to refl ect 2010 prices. 

The educational attainment data were derived from an observational data 
reported for Germany by Sobanski and colleagues20. 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 fi gures 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-specifi c unemployment 
rates in Germany accounting for 25% higher unemployment in untreated 
ADHD individuals as previously described20. Earnings were converted to 



Chapter 7

101

2010 at the current annual cost infl ation rate of 2.80%25. Individuals were 
assumed to enter the labour force at diff erent 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 benefi ts were discounted at 1.75 %26. 

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 tables27. The prevalence of untreated ADHD in Germany18 was 
applied to an annual 2010 birth cohort27 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 diff erence in PV of total lifetime earnings 
of untreated ADHD compared to non-ADHD individuals was estimated 
(Equation 3). The diff erence between PV for ADHD and non-ADHD cohorts 
represented the societal burden associated with ADHD in Germany from a 
single birth cohort. 

Benefi t-cost analysis of hypothetical interventions or educational programs 
targeting ADHD of varying costs for a range of eff ects on educational 
attainment was explored to assess whether educational gains can justify 
the program costs. In this context we evaluated any hypothetical program 
that infl uences educational attainment in a matrix of costs and outcome 
benefi ts. 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 refl ect 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 benefi t of the intervention. Subsequently, for 
each intervention a cost-benefi t analysis was conducted. The Net Present 
Value (NPV) associated with the program cost was calculated by subtracting 
intervention costs from benefi ts (Equation 5). Benefi ts were defi ned in terms 
of increasing the percentage attaining university degrees. In addition, a 
benefi t – cost ratio was estimated (Equation 6). 

ln = +  + +   

  

(1)  

  = ∑
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( )     
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Societal burden of ADHD = PV lifetime earnings without ADHD – PV lifetime earnings ADHD  (3)  

   = ∑
( )       (4)  

NPV intervention = (PV 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)
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a

1
, a
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The coeffi  cient of the Mincer function for school years, age and 
age2, respectively

S
it 

Survivors at age t based on ADHD status (with and without ADHD)
S

ADHD t 
Survivors with ADHD at age t 
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Y
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Earnings at age t based on ADHD status (with and without ADHD)

U
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Unemployment rate at age t 
C
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ADHD intervention costs at age t

Results
Evidence for the adult epidemiology of ADHD in Germany [18], 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 defi ned the cohort sizes 
for the untreated ADHD and non-ADHD cohorts. Figure 1 shows the estimated 
age-specifi c 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 defi ned by the PV of total lifetime earnings. 
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Figure 1 Estimated age-specifi c 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 et al.20 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 eff ective program targeting ADHD 



Novel Economic Perspectives on Prevention and Treatment

104

should increase the proportion of individuals accomplishing university level 
education. We therefore hypothesised that interventions or educational 
programs may benefi t the educational mix of treated ADHD cohorts by 
increasing the proportion of individuals attaining a university degree. For 
diff erent 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 
diff erent scenarios are illustrated in Table 1. In addition, for each combination 
of eff ectiveness and annual cost the Benefi t – Cost ratio was calculated Table 2 
illustrates the resulting Benefi t – Cost 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-Benefi t analysis scenarios based on hypothetical 
education gains shows that a reasonably eff ective 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 benefi t. 

Discussion
Previous studies have reported that ADHD poses signifi cant direct and 
indirect costs on the health service, the subjects’ families and society. The 
study reported by Birnbaum28 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 byHakkaart-van 
Roijen et al.29 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 signifi cantly higher rates of 
absenteeism suggesting that productivity losses are higher when compared 
with normal controls 30. Analyses such as these while 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 ADHD31, 32. The analysis described in this paper deviates from 
previous analyses describing the indirect costs of ADHD because it estimates 
costs due to reduced lifetime earnings linked to fi nal 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 individuals20. The analysis 
reported focuses on the long-term impact of earnings losses attributed ADHD 
children as they reach adulthood. The analysis described here suggests an 
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average lifetime earning loss of €92,000 per individual and 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 compared to 

Table 1 Cost-benefi t analysis of hypothetical interventions: NPV* in million Euros for diff erent 
annual costs and improvements in educational a� ainment 

Annual cost of treatment 
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5% € 16.7 -€ 66.9 -€ 150.5 -€ 234.1 -€ 262.0 -€ 345.6 -€ 429.2 -€ 512.8 -€ 596.4

10% € 61.3 -€ 22.3 -€ 105.9 -€ 189.6 -€ 217.4 -€ 301.0 -€ 384.7 -€ 468.3 -€ 551.9

20% € 150.2 € 66.6 -€ 17.0 -€ 100.6 -€ 128.5 -€ 212.1 -€ 295.7 -€ 379.3 -€ 462.9

30% € 239.0 € 155.4 € 71.8 -€ 11.8 -€ 39.7 -€ 123.3 -€ 206.9 -€ 290.5 -€ 374.1

40% € 327.6 € 244.0 € 160.4 € 76.8 € 48.9 -€ 34.7 -€ 118.3 -€ 201.9 -€ 285.5

50% € 416.1 € 332.4 € 248.8 € 165.2 € 137.3 € 53.7 -€ 29.9 -€ 113.5 -€ 197.1

60% € 504.3 € 420.7 € 337.1 € 253.5 € 225.6 € 142.0 € 58.4 -€ 25.2 -€ 108.9

70% € 592.4 € 508.7 € 425.1 € 341.5 € 313.7 € 230.0 € 146.4 € 62.8 -€ 20.8

80% € 680.2 € 596.6 € 513.0 € 429.4 € 401.5 € 317.9 € 234.3 € 150.7 € 67.1

*NPV = Benefi t 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.

Table 2 Cost-benefi t analysis of hypothetical interventions: Benefi t – cost ratio 

Annual cost of treatment 

€ 100 € 400 € 700 € 1,000 € 1,300 € 1,600 € 1,900 € 2,200 € 2,500
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5% 1.60 0.40 0.23 0.16 0.15 0.11 0.09 0.08 0.07

10% 3.20 0.80 0.46 0.32 0.29 0.23 0.19 0.16 0.14

20% 6.39 1.60 0.91 0.64 0.58 0.46 0.38 0.32 0.28

30% 9.58 2.39 1.37 0.96 0.87 0.68 0.56 0.48 0.42

40% 12.76 3.19 1.82 1.28 1.16 0.91 0.75 0.64 0.55

50% 15.93 3.98 2.28 1.59 1.45 1.14 0.94 0.80 0.69

60% 19.09 4.77 2.73 1.91 1.74 1.36 1.12 0.95 0.83

70% 22.25 5.56 3.18 2.23 2.02 1.59 1.31 1.11 0.97

80% 25.41 6.35 3.63 2.54 2.31 1.81 1.49 1.27 1.10

*Benefi t – Cost ratio = Benefi t 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).
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the episodic productivity losses for parents29. Estimating the lifetime eff ect 
of reduced educational attainment resulting from disease, on earnings, could 
be factored into a traditional cost-benefi t analysis. By generating measures 
typically used in the appraisals of public investments (i.e 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 eff ect of ADHD on 
educational attainment thus, refl ecting the local epidemiologic, social and 
economic characteristics. Furthermore, a secondary estimation of education-
specifi c 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 analysis is based on several long-term projections of volatile 
economic fi gures which inevitably introduce the uncertainties commonly 
present in long-term forecasting economic and fi nancial cost-benefi t analyses. 

The impact of social and health conditions on future earnings has been explored 
in previous economic studies. A framework defi ning the relationship between 
adolescent health conditions and education attainment was recently described 
by the WHO Regional Offi  ce for Europe7. The authors of this framework also 
defi ned the relationship between health conditions in adolescents, and how 
reduced education infl uences future earning potential. To demonstrate this 
relationship, an analysis reported by Renna et 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%33. 
In the spirit of these previous studies which defi ned the relationship between 
health conditions, education and future earnings, we sought to understand this 
relationship in ADHD and inform policy making in this area. 

Health care resources are increasingly evaluated using cost-eff ectiveness 
analyses to estimate whether interventions represent good use of resources 
compared with comparable interventions34. In the analysis described here 
we deviate from this approach and seek to fi nd whether investments in 
ADHD interventions off er some societal benefi t, by evaluating intervention 
costs using discounted cash fl ow approach to derive the NPV of these 
investments. We demonstrate that hypothetical interventions or education 
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programs that cost less than €700 annually and improve graduation rates by 
30% off er approximately €70 million in discounted societal benefi t (Table 
1). It is worth noting that this approach underestimates the true benefi ts of 
an intervention because it does not take into consideration cost off sets 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 infl uence wage and economic living 
standards. As people earn less, this would lead to reduced consumption which 
impacts industry and capital formation. While this is diffi  cult 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 mortality35. This on-
going demographic transition has brought to light many challenges faced by 
industrialised economies as the number of future workers starts to decline36. 
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 retired37. 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 populations38. Hence, within this policy 
imperative it is possible to position many health care and education programs 
which infl uence the productive capacity of economies39. ADHD is illustrative 
of the European policy imperative as a health condition that infl uences 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. Considering the broad economic consequences 
of the condition might suggest that interventions which change the life 
course of individuals with ADHD could off er both cost-savings and infl uence 
future economic outputs.
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ECONOMIC ASSESSMENTS IN HEALTH CARE WELL 
UNDERSTOOD? THE CASE OF VACCINATION AND 
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Summary
Vaccination is an established intervention that reduces the burden and 
prevents the spread of infectious diseases. Investing in vaccination is known 
to off er a wide range of economic and intangible benefi ts that can potentiate 
gains for the individual and for society. The discipline of economics provides 
us with microeconomic and macroeconomic methods for evaluating the 
economic gains attributed to health status changes. However, the observed gap 
between micro and macro estimates attributed to health presents challenges to 
our understanding of health-related productivity changes and consequently 
economic benefi ts. The gap suggests that the manner in which health-
related productive output is quantifi ed in microeconomic models might not 
adequately refl ect the broader economic benefi t. We propose that there is a 
transitional domain that links the micro- and macro-economic improvement 
attributed to health status changes. Currently available economic evaluation 
methods typically omit these consequences however; they may be adjusted 
to integrate these transitional consequences. In practical terms this may give 
rise to multipliers to apply towards indirect costs to account for the broader 
macroeconomic benefi ts linked to changes in health status. In addition it 
is possible to consider that diff erent medical conditions and health care 
interventions may pose diff erent multiplying eff ects suggesting the manner 
in which resources are allocated within health services gives rise to variation 
in the amount of micro-macro gap. An interesting way to move forward in 
integrating the micro and macro-level assessment might be integrating 
computable general equilibrium (CGE) models as part of the evaluation 
framework as recently performed for pandemic fl u and malaria vaccination. 

8
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The economics of health and disease prevention
The economic benefi t of a healthy work force on improved productivity 
has been supported by a range of micro-level evaluations observed in both 
developed and developing countries1, 2, 3, 4. Instinctively if people are healthy 
their capacity to deliver labor to the market is enhanced and absenteeism 
avoided. Similar conclusions can be drawn for preventative interventions 
that avoid illness all together. These microeconomic evaluations have been 
presented in both the developed and the developing world1, 2, 3, 4. When 
looking at macroeconomic assessment the evidence has shown that country 
specifi c economic growth rates contribute to better health and increased life 
expectancy. This relationship occurs through a number of channels including 
improved access to health care, more nutritious food, improved sanitation 
and living conditions and the relationship between good health and income 
which is likely bi-directional5, 6. 

Building on the above reasoning, we observe that vaccination is one of 
the most powerful tools to prevent the spread of infectious diseases in a 
community. Therefore investing in vaccination can off er a range of economic 
benefi ts of which some are immediate, others may take generations to 
materialize. However, the benefi t of reducing health care expenditure 
attributed to infectious diseases is perhaps the most frequently described 
one where vaccines have repeatedly shown to generate signifi cant health 
care savings7. These health cost savings are the focus of most microeconomic 
evaluations. Meanwhile, focusing solely on health costs one may overlook the 
broader benefi ts gained and that may not be well captured in microeconomic 
evaluation frameworks. The benefi t of vaccines should be amplifi ed because 
much more is achieved through the improved health outcomes that, in turn, 
result in changes in behaviour and human capital accumulation hence, giving 
rise to benefi t to be observed at the higher, macro level. The best examples 
for that are the pre-pandemic fl u vaccination programs that impact on short 
term and micro- and macroeconomic parameters8. There have been attempts 
to establish the long term impact of pandemic on the economic growth of 
a country, through the decline in high -school graduation, decreased wages, 
and the increased likelihood of poverty. These assessments used the 1918 
pandemic as a basis9. They latter aff ect the individual but also accrue for 
a signifi cant time post a pandemic aff ecting the economy at a pronounced 
level10. Further evidence of the broader vaccine benefi ts related to improved 
health condition are vaccines likely to infl uence education attainment which 
can lead to greater lifetime earnings11. Thus, for vaccines there is evidence 
suggesting that analysis should go beyond the simple evaluation of micro-
economic fi ndings in order to highlight the total benefi t. 
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Economic assessments off er several micro- and macro-evaluation tools that 
can be used to investigate the benefi ts. However, most published economic 
evaluations of vaccines to date have been microeconomic focusing solely on 
cost-eff ectiveness. Fewer economic assessments project the macroeconomic 
benefi ts of vaccinations. Both levels of economic assessment are useful for 
decision making and for resource allocation decisions however, they may 
lead to diff erent results with diff erent consequences and we will expand more 
on these later in this paper. At the micro-level, it is expected that economic 
assessments will inform the price setting of vaccines. At macro-level they may 
inform the prioritization of competing investment initiatives that are deemed 
as advantageous for the economy. 

Surprisingly, there is a known discrepancy in the output reported between 
micro- and macro-economic evaluations when the analysis is performed 
separately. This was recently described in a published review assessing the 
impact of malaria. Malaney et al.,12 reported that the macroeconomic estimates 
for the impact of malaria on the GDP ranged from 0.25% to 1.3% whereas the 
projection of the microeconomic studies to the overall economy suggested 
a lower economic impact (GDP impact ranged from 0.14%-0.62%). The 
diff erence between the two evaluation methods does not seem large, but a 1% 
diff erence in GDP attributed to one disease that can be prevented is meaningful. 
An explanation for the diff erence between micro and macro estimates could 
be attributed to less well defi ned broader benefi ts that can lead to economic 
consequences at the level of microeconomic assessment that are often omitted. 

This paper advocates for macroeconomic modelling alongside 
microeconomic approaches. The benefi t of analysing both perspectives is 
that a combined assessment may more pragmatically quantify the broader 
economic consequences of investing in vaccines. The combined micro and 
macro data can then allow decision-makers to allocate resources to achieve 
health and economic priorities. The scope of macroeconomic evaluation is 
diff erent from “value for money” microeconomic assessments that are widely 
used in therapeutic drugs. In vaccines the focus is to capture in addition 
the rate of return of public health investment13, 14. Thus, microeconomic 
methods alone may not be suffi  cient from a policy analysis perspective. 
We hereby describe and critically appraise current microeconomic and 
macroeconomic assessment methods in terms of the ability to encapsulate 
the broader benefi t of prevention and its relevance for decision makers. 
Moreover, we defi ne the “transitional” economic consequences that may 
result from preventing communicable-diseases between the micro and macro 
level. In addition, this paper analyses the diff erences observed between 
micro and macro assessments. This identifi ed void should motivate further 
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methodological research. It is likely that an intermediate or “transitional” or 
“meso-economic” domain that could be thought of as a gateway by which the 
micro and macro economy of health are connected. This domain may provide 
with an explanation of the diff erences observed between micro and macro-
economic outcome results. 

Quantitative micro- and macro-economic analytical methods

Microeconomic analysisMicroeconomic analysis
Microeconomic analysis captures the cost of a communicable disease 
and the value of prevention for the individual at a community level. The 
starting point for this analysis is the measurement of the disease burden. 
These methods quantify the natural history of the disease (frequency in 
function of demography), disease management cost, and quality of life 
impact. The disease burden estimates are part of a cost-eff ectiveness or cost-
utility analysis that compares alternative health care interventions. The 
analyses address estimates of incremental cost and outcome of the diff erent 
interventions considered such as vaccination compared to no vaccination. 
The costing is typically based on a prospective algorithmic simulation of 
short-term natural history and treatment pathways of a disease15. Outcomes 
may be measured in terms of cases prevented, survival gained (life years 
gained), quality-adjusted survival gained (QALYs gained) or disability adjusted 
life years gained (DALYs gained) from the intervention. Although, quality of 
life self-reported assessments allow the inclusion of preferences, this short-
term and simplifi ed microeconomic framework would not quantify broader 
consequences such as changes in economic behaviors, school attendance and 
school attainment. It is only through longer term macroeconomic observation 
that the discrepancy can be observed giving rise to varied microeconomic and 
macroeconomic observations. 

For many communicable diseases in the developed and developing world the 
indirect costs of lost productivity will exceed the medical cost of a disease16, 17. 
Hence additional methods should be considered to capture the full benefi t 
of vaccination. Loss of productivity is quantifi ed using either the human 
capital or the friction cost method. The former assumes that the foregone 
output could be plausibly captured by the marginal product associated with a 
worker (summed over the period of illness, or the worker’s remaining time in 
the workforce). In practical terms, the loss in productivity cost for an illness 
calculated by the human capital method is the worker’s wage (the measure of 
his or her productivity) multiplied by the length of his or her absence from 
work18. The friction cost method estimates its cost by using the worker’s 
wage multiplied by the minimum length of absence and the average friction 
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period in the economy i.e the average duration of a vacancy until their labor 
has been replaced19. The underlying assumption is that the output lost is due 
to the friction in the labor market that restricts the ability of employers to 
fi nd a substitute for the sick worker, but in addition, the losses are limited 
to the time that is required for the worker to be replaced. Both the human 
capital and friction cost methods provide a monetary measurement either 
from the perspective of the individual or from the perspective of the fi rm, 
respectively20. The resulting monetary benefi t may be compared with the cost 
of vaccination in a cost-benefi t analysis which typically generates estimates 
of the Net Present Value or the Internal Rate of Return. 

Valuation of absenteeism requires evidence on the impact that a disease 
has on workdays lost, but a next stage of higher precision on productivity 
assessment is the quantifi cation of “presenteeism”. This is even more 
diffi  cult to assess correctly than absenteeism, since data on productivity of 
disease-impacted workers while at work is scarcely available and prospective 
data collection is needed. Nevertheless, survey methods, using metrics of 
productivity while at work have been developed21 and could be employed to 
quantify the productivity eff ect aside from the mere measurement of absence 
from work. Thus, some specifi c methods may be able to capture a fragment of 
signifi cant broader consequences. In addition, through econometric methods 
the broader consequences of educational attainment and school attendance 
may be integrated to assess the benefi ts of preventing a communicable disease 
on individuals’ lifetime earnings. 

Lastly, another method originating from the theory of microeconomics that 
evaluates the overall value of a new intervention within a broader context 
is the “contingent valuation method”. According to this survey method, 
respondents are asked to evaluate a question and place a value upon a 
hypothetical market product described22. The “contingent valuation method” 
collects preference information from the respondents by asking them how 
willing they would be to pay for the provision of a health care service or how 
willing they are to pay in order to avoid a disease. The results of this survey 
method are expressed in monetary terms and hence they can be used in a 
cost-benefi t analysis of a vaccination. Depending on the design of the survey, 
“contingent evaluation methods” may provide with estimates of the value 
that the society attributes to the reduction of risk of infection after taking 
into account an array of intangible benefi ts (e.g. ability to save money, food 
security, risk of catastrophic expenditure, fertility). The “contingent valuation 
method” reveals individuals’ preferences and valuation which, in turn, 
implicitly takes into account several evaluations that individuals consider 
prior to deciding on their economic and social behaviors. 
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The intangible broader benefi ts of health would be immediately recognizable 
to individuals because these attributes refl ect the way that people live. As such, 
contingent valuation may be able to quantify a range of broader consequences 
as attributes with corresponding monetary values assigned to these benefi ts. 
The comprehensive nature of the method suggests that individuals factor in a 
range of parameters likely to be relevant to macroeconomic analysis. Hence, 
contingent valuation estimates are greater than disease burden estimates due 
to the interpretation of these future benefi ts that would not be captured using 
microeconomic analysis alone. 

Macroeconomic analysisMacroeconomic analysis
Macroeconomic analytical methods typically apply retrospective cross-
country time series data to assess the impact of a disease on the Gross 
Domestic Product (GDP) per capita after controlling for confounding factors. 
They can follow an assessment across diff erent economic sectors including 
health care but at the country level. Such models have been used to assess 
the macroeconomic impact of malaria, tuberculosis and HIV to estimate 
the impact of disease on GDP23. Importantly they don’t always defi ne the 
precise mechanism by which a communicable disease infl uences economic 
growth. In addition, econometric analyses combine aggregate secondary 
macroeconomic and epidemiological data. Macroeconomic models may omit, 
due to the absence of detailed historical data, critical variables such as access 
to health care per country, health care infrastructure, or adoption of health 
technology per country. Moreover, the estimation and isolation of the benefi ts 
of vaccinations on the GDP require suffi  cient retrospective data from countries 
with vaccination programs. The collection of prospective macroeconomic 
and epidemiological data with the view of assessing the relationship between 
prevention of a communicable disease and the macro economy could be very 
time-consuming and resource intensive. Nevertheless, these methods may 
inform robust cross-country economic analyses of vaccination benefi ts. 

The availability of GDP estimates linked to health investment and health status 
changes and compared with microeconomic estimates might help to estimate 
economic multipliers. For instance, dramatically reducing malaria disease in 
a region may improve the economy overall of the region, as parents may better 
care for their children to give better education. It is conceivable that should 
these multipliers be identifi ed, they could be applied in microeconomic 
models as well to account for underestimates obtained. The identifi cation 
of multipliers is already established in fi scal policy recognizing that public 
investments can lead to greater returns than the actual fi scal investment. In 
this context one can envisage that multipliers could be applied to health to 
refl ect broader consequences of health gains in microeconomic analysis24. 
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The added value of macroeconomic assessment
The mechanism by which a disease infl uences the economy is multifactorial 
with large economic externalities likely associated with the prevention of highly 
burdensome diseases25, 26. A recent systematic review of studies evaluating the 
broader economic impact of vaccination in low and middle income countries 
identifi ed a diversifi ed set of categories27. They ranged from cost savings, 
increased productivity, to ecological externalities, infl uencing fertility rates, 
and longer-term economic sustainability. The use of broader economic benefi t 
variables for vaccines implies that there isn’t always a perfectly match between 
the results of micro- and macro- economic assessment. 

Undoubtedly the most dramatic consequence of infectious diseases is 
mortality. In addition to quantifying the cost of dying (e.g. terminal care, 
funeral costs), microeconomic methods have measured the mortality impact on 
foregone lifetime earnings. Meanwhile increased mortality may have broader 
consequences. The impact of vaccination on mortality may be regarded as 
a microeconomic benefi t fi rst which can be quantifi ed. It may subsequently 
have an impact on the change in fertility rates that infl uence the demographic 
composition and may be deemed as a broader consequence for which 
quantifi cation is more complex and may take considerable time (generations) 
to illustrate the impact28. Endemic malaria aff ects the demographic structure of 
a society, as the mortality burden falls mainly on infants and children under the 
age of fi ve. Young-age mortality as a result of malaria and/or HIV/AIDS infection 
reduces the macroeconomic prospects of aff ected countries17. There are similar 
scenarios as in the recent SARS outbreak causing a high mortality rate, but 
where the greatest impact was felt not in the health care sector but in tourism 
and travel sectors, which would aff ect the GDP directly29.

Moreover, the persistence and high prevalence of communicable diseases are 
likely to exacerbate the economic impact by altering the social and economic 
behavior of individuals. At the individual level, when a communicable 
disease is circulating in the community, the perception of infection’s risk will 
likely infl uence short- and long-term economic decision-making17. Hence, in 
countries where HIV/AIDS is highly prevalent, individuals may consume and 
invest less in order to protect themselves against the possibility of disease-
related catastrophic expenditure17. Altered consuming and investing decisions 
may negatively aff ect the sustainability of the economy as they reduce capital 
formation by discouraging individuals from saving. In addition, capital 
shortages and reduced consuming may discourage foreign investors. 

The fear of infection may also impact mobility which may have a cross-
sectorial impact that limits trade. Furthermore, the aff ected households 
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may divert productive resources to caring and high prevalence of endemic 
diseases divert public resources to health care and thus limit the funds for 
investment in other sectors. Furthermore, communicable diseases such as 
malaria may interfere with long-term cognitive development30. The long-
term neurological sequel of malaria, the presence of anemia, but also the 
uncomplicated malaria episodes are thought to impact school attendance, 
educational attainment, drop-out rates and overall cognitive development. 
These consequences are seldom quantifi ed in economic terms31. 

In human capital economics, the most explored causal relationship is between 
earnings and quantity and/or level of education attained32, 33, 34, 35. Reduced school 
performance has some immediate societal cost implications but more importantly, 
it may reduce lifetime opportunities because of education-linked wage eff ects 
that will persist over the course of life36, 37, 38. It translates to lower lifetime earnings 
that may result in less tax revenues and thus fewer resources available for public 
investments which could vitalize the economy38. In addition, reducing a country’s 
human capital accumulation may undermine an economy’s long-term prospects, 
its competitiveness, and its attractiveness to foreign investors. 

A prominent and well-studied economic parameter relates to labor 
productivity. A highly endemic communicable disease may result in sick-
days (absenteeism). Sick-days pose a burden to the individuals as they may 
represent a considerable proportion of an individual’s earnings. In addition, 
sick-days result in substantial loss for the fi rm which reduces its profi tability. 
Furthermore, reduced productivity while at work (presenteeism) may pose a 
substantial economic burden on fi rms due the productive output foregone. 
Although the friction cost method suggests the work can be made up or 
performed by colleagues the absolute output reduced can be extrapolated. 
Projecting productivity to a group of fi rms that operate within an aff ected 
area constitutes a perfect example of broader consequence which in the 
long run undermines macroeconomic growth through the reduction of total 
productivity and foreign investments. Projecting productivity to a group 
of fi rms that operate within an aff ected area constitutes a good example of 
broader consequence which may undermine macroeconomic growth through 
the reduction in total productivity and foreign investment. These elements 
are neglected in microeconomic analysis. 

Figure 1 illustrates the mechanisms with which a communicable disease may 
infl uence the broader economy. The multi-dimensional relationship between 
the economy and communicable diseases suggest that a preventative measure 
such as vaccination may benefi t the economy in multiple ways and benefi ts 
transcend the microeconomic value to individuals and households. An array 
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of broader benefi t appears to intermediately aff ect the economy and magnify 
the microeconomic economic consequences of a communicable disease 
and therefore the benefi t of prevention. The critical broader benefi t that 
originates from the prevention of highly burdensome communicable diseases 
may have large macroeconomic consequences which need to be considered 
quantitatively or qualitatively in the analysis and policy decision-making 
process. Quantifying the microeconomic benefi t appears to be relatively 
straightforward however; microeconomic consequences appear to be isolated 
to those that are immediately measurable, and a small fraction of the potential 
macroeconomic benefi t. In what follows, a short description of the current 
economic evaluation methods is presented and the extent to which they can 
integrate the quantifi cation of broader benefi t is discussed.

Figure 1 Communicable diseases and the economy 
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Filling the micro-macro void 
Vaccinations off er far reaching economic benefi ts in both short and long term 
periods. Economic theory provides microeconomic and macroeconomic 
methods for evaluating the benefi ts of vaccinations. They are often fi rst 
projected using microeconomic methods that demonstrate how vaccines 
can generate productivity gains through reduced morbidity and mortality. 
Establishing the causality between vaccines at the macroeconomic level is 
more diffi  cult to obtain due to the societal transformations that vaccines 
can provide. Vaccines may result in a cluster of transitional or broader 
consequences which may have a considerable impact on the macro-economy. 
They not only save lives but they change behavior and investment choices 
domestically and internationally. For example, investigations have noted 
diff erences in GDP per capita between countries based on the presence or 
absence of malaria23. However, causality at the macro level requires knowledge 
about the far-reaching aspects of societal change that will occur in order to 
make macro level predictions. In addition, a population-based vaccination 
may improve the quality and patterns of care provided within a country by 
preventing a substantial number of cases in need of secondary or tertiary 
care. Thus, although vaccination may increase the quality, effi  ciency and 
the productivity of a health care system, the benefi t of a population-based 
vaccination may take several years to materialize and prospective studies are 
needed to generate the corresponding evidence. 

Microeconomic and macroeconomic analyses off er useful policy-making 
tools. Microeconomic analyses may inform budget-effi  cient decisions and 
inform scarce resource allocation decisions within the health care system. 
Absenteeism quantifi cation methods quantify the value of productivity 
loss which represents the most considerable cost component in developing 
countries. Contingent valuation methods are well established theoretically and 
may be valuable for countries with high out of pocket payments. The results of 
macroeconomic analyses are presented in terms of GDP thus; they allow the 
comparison of vaccinations with other interventions across diff erent sectors 
(e.g. transportation, environment, education). Macroeconomic analyses may 
off er a tool for cross-sectorial or general government (or foreign aid) effi  cient 
budget allocation of resources. Macroeconomic analyses may be used to 
benchmark countries and identify best practices and thus, inform future 
policy that could be internationally implemented. Although of limited value 
to health care budget holders macroeconomic analyses may be particularly 
relevant for international organizations and general governments. 

The broader consequences of vaccinations may resemble what Schumpeter 
described as “meso-economic” which constitutes “a structure component of 
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a ‘deep’ invisible macro structure”39. The concept of the meso-economy is a 
debatable construct of which a thorough analysis is beyond the scope of this 
paper. What this paper advocates is that this domain could also be thought of 
as a gateway by which the micro and macro economy of health are joined (see 
Figure 1). Currently available economic evaluation methods typically omit 
these consequences however; they may be adjusted to integrate some of the 
“meso-economic” consequences. 

The observed gap between micro and macro estimates in health presents 
challenges to our understanding of health-related economic benefi ts and how 
one might address the gap methodologically. Foremost the micro-macro gap 
suggests that microeconomic methods applied in health do not adequately 
refl ect the broader economic benefi ts that can be achieved through health-
status gains. The underestimates provided by current microeconomic 
methods would likely vary as the broader consequences would vary for 
diff erent health care investments. For example, the broader consequences 
associated with paediatric immunization programs; prostate cancer screening 
and cancer interventions would all be diff erent, therefore infl uencing the 
micro-macro gap diff erently.

In the previous section we proposed the concept of multipliers that could 
be derived to better understand the relationship between micro and macro 
health models. Because the externalities attributed to health vary at diff erent 
stages of life and nature of illness, this would suggest that multipliers 
applied to health investments would also vary depending on the nature 
of the condition and age of the individual. In this sense one can imagine 
potential weights for diff erent medical conditions that could be applied to 
microeconomic estimates to understand the macroeconomic consequences 
of specifi c interventions.

Another promising way to assess the link between micro- and macro-economic 
levels related to health investment is the use of model-based analytic methods 
that have been recently developed to assess the impact of vaccination against 
communicable diseases, the computable general equilibrium models (CGE)8. 
CGE models usually depend on Social Accounting Matrices (SAM) for national 
income and input-output data. The underlying assumptions of CGE models 
are that evidence regarding a cluster of broader consequences as described 
in Figure 1 can be modelled to simulate the impact of a disease on the macro-
economy. CGE models factor in institutional sectors of the economy including 
government, households, the main economic sectors (e.g. manufacturing, 
agriculture, banking, tourism and transport etc.), capital, and labor as well as 
foreign trade. CGE methods have been used to assess the impact of pandemic 
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infl uenza on the UK economy8. It was modelled in terms of reducing the 
quantity and quality of labor supply. They are the instruments that assess the 
details at micro level, but evaluate the overall benefi t and cost at macro level. 
Those models assumed that labor supply would be aff ected either through 
high mortality or through absenteeism and reduced productivity at work 
(presenteeism). 

CGE models have been extensively used for years to inform development 
policies across several countries40. A recent study assessed, using a 
dynamic CGE model, the impact of malaria on the economy of Ghana41. 
The study assessed the impact on the GDP per capita as well as the income-
distributional eff ect of malaria-preventing strategies by taking into account 
labor size and productivity (presenteeism and absenteeism). Current, CGE 
models are heavily relied on assumptions regarding the consequence of a 
communicable disease on economic behaviors. For CGE models to generate 
pragmatic estimates of the macroeconomic impact, collecting and collating 
survey evidences, shedding light to the impact of communicable diseases on 
a variety of economic behaviors, are needed by constructing a valid analytical 
framework for the overall economy. Nevertheless, they can provide with a 
comprehensive quantifi cation of the overall economic impact of a vaccination 
by modelling a variety of broader consequences that can help to fi ll the micro-
macro gap. 

Conclusion
There are reasons to believe that for high burden communicable diseases 
able to spread across an entire community that a full economic package 
encompassing microeconomic and macroeconomic analyses about new 
interventions such as vaccines is warranted to inform resource allocation 
decisions. Each type of analysis may not come to precisely the same end-
result about cost-eff ectiveness evaluation when done separately (See Table 1). 
Meanwhile there are methods/techniques now available that could facilitate 
to build up a more direct link between the two levels of assessments such as 
CGE. It should also be further explored if meso-economics as a new domain 
of existing in economics could help explaining the discrepancies observed in 
the results between micro- and macro-level. 
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THE NEED FOR NOVEL ANALYTIC ECONOMIC 
EVALUATION METHODS

In light of austerity measures, policy appraisals should go further than the 
cost-eff ectiveness and assess the cross-sectorial impact not only of treatments 
but also of preventive health interventions1. Investments in health may have 
economic benefi ts that go far beyond the health sector. Understanding and 
integrating into the economic analyses, the complex relationships among health 
interventions, health outcomes, education, labor productivity and several other 
externalities has implications for all types of health care interventions.

Broader evaluation perspectives require more extensive data collection. 
However, evidence on the “broad” benefi ts of many health interventions 
is largely lacking. In paediatric infectious and chronic diseases there is 
relatively little longitudinal research documenting the long-term eff ects of 
health status in early life. The scarcity of data is despite the growing body 
of evidence demonstrating the detrimental impact to an individual’s lifetime 
prospects. The demanding nature of data and analytical requirements should 
not distract from the fact that broad-perspective evaluations of health 
care interventions will provide with useful information to inform resource 
allocation decision making.

The economic theory provides analysts with a range of microeconomic and 
macroeconomic analytical tools for assessing the broader consequences of 
diseases and subsequently the benefi ts of therapeutic and preventive health 
interventions. Ideally, a full economic package, encompassing microeconomic 
and macroeconomic analyses is warranted to inform resource allocation 
decisions. In a critical appraisal of the existing methods, presented earlier in 
this thesis, it was shown that each type of analysis may not come to precisely 
the same end-result compared to when done separately.

Practical applications of a government perspective quantitative analytic 
framework
In this thesis a novel quantitative analytic “government perspective” or 
fi scal framework is proposed and applied, to show how the prevention 
and treatment of infectious and chronic paediatric and adult diseases and 
conditions can impact government fi scal accounts. A comparative analysis of 
the case studies, the evidence used and the economic assessments conducted 
is presented in Table 1. The proposed framework was deemed as particularly 
relevant for immunizations which represent a high-cost investment which 
pays-off  years or even decades after the actual immunization takes place. 

9
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Furthermore, because immunization programs are often funded directly 
from fi nance departments, describing health gains in terms of net tax revenue 
for government maybe language more familiar to fi nance departments which 
are the fi nal payers of health care interventions in many countries. 

The fi rst case study presented in this Thesis evaluated investments in rotavirus 
immunization in two developing countries, Ghana and Vietnam. These two 
analyses were based on the observation that in these countries the mortality 
and morbidity burden of rotavirus are substantial1-4. Moreover, previous studies 
had suggested that indirect costs represented a signifi cant proportion of 
costs, implying that the fi scal eff ects will also be signifi cant3, 4. This case study 
quantifi ed the productivity and therefore, tax loss as a result of premature 
mortality and the direct and indirect costs resulting from the disease. By 
projecting the net discounted tax for single and multiple cohorts of immunized 
and non-immunized against rotavirus cohorts, the studies suggested that 
despite the low incomes in the two scope countries, investing in immunization 
may result in substantial long-term net fi scal benefi ts for the government. 

The second case study assessed a novel immunization in a developed country 
i.e Germany. The study assessed a relatively high cost immunization namely, 
that of adolescent males and females against HPV. The study estimated both 
the broader economic consequences associated with HPV immunization 
and conducted a CBA of investing in immunization from a societal and 
government’s or fi scal perspective. The emphasis was put on the immediate 
economic benefi ts that the government derives from decreased mortality and 
morbidity i.e tax revenue from the higher quantity of survival and reduced 
health care costs stemming from decreased morbidity. The study modelled 
and projected the epidemiology of HPV-related cancers and pre-cancer stages 
in males and females. The lifetime age and gender specifi c earnings and tax 
of average German citizens were quantifi ed. Economic benefi ts quantifi ed 
in terms of medical cost-savings, increased productivity, increased earnings 
and increased tax revenue for the governments. The study showed that 
immunization against HPV results in a positive incremental net discounted 
tax when comparing a cohort of immunized to a cohort of non-immunized 
males and females. The societal and government perspective or fi scal CBAs 
showed that the benefi t-cost ratio of immunization was greater than 1 (>1) 
thus, positive returns on investment. 

Vaccinations are not only benefi cial to governments when implemented to 
paediatric populations. Based on the hypothesis that working-aged adults 
have a considerable “residual value”, in terms of earnings and tax, we 
employed a “government perspective” assessment framework to estimate 
the governmental return on investment for immunizing adults against seven 



Chapter 9

131

infectious diseases in The Netherlands. Immunization was estimated to 
result in discounted lifetime health and social insurance cost-savings due to 
decreased morbidity and to lifetime discounted gross tax revenue gain due to 
increased survival quantity.

Table 1 Comparative analysis of case studies

Item Rotavirus 
immunization

HPV 
immunization

Adult 
immunizations

ADHD

Country Ghana, Vietnam Germany Netherlands Germany

Comparators Immunized vs. 
non-immunised

Immunized vs. 
non-immunised

Immunized vs. 
non-immunised

Treated vs. 
untreated ADHD

Modelling Single and 
multiple birth 

cohorts

Single birth 
cohort

Single birth 
cohort

Single birth 
cohort

Direct medical 
cost

Yes Yes Yes Yes

Caregivers 
burden

Yes No No No

Sickleave/
Sickdays

Yes for parents Yes Yes No

Age specifi c 
earnings

Yes Yes Yes Yes

Gender specifi c 
earnings

No Yes No No

Educational 
specifi c-earnings

No No No Yes

Unemployment Yes Yes Yes Yes

Disability rates Yes Yes Yes No

Health behavior 
and long-term 
health costs

No No No Yes

Educational costs Yes No No Yes

Governmental 
transfers

Yes Yes Yes 
as taxed income

Yes

Direct tax Yes Yes Yes Yes

Indirect tax Yes Yes Yes Yes

Gross discounted 
tax analysis

Yes Yes Yes Yes

Net discounted 
tax analysis

Yes Yes No Yes

Societal CBA No Yes Yes Yes

Fiscal or Gov. 
perspective CBA

No Yes Yes No
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Another two case studies, presented in this Thesis, applied the proposed 
quantitative analytic framework in the chronic paediatric condition of ADHD. 
These two studies were based on a well-established causal relationship 
between educational attainment and earnings5. In economic theory, higher 
educational attainment implies a higher potential for increased lifetime 
earnings which, in turn, provides the basis for higher tax revenue. When 
considering the long-term economic prospects of a society, the populations’ 
level of education is deemed as an important determinant of economic 
growth6. An analysis of cross-country data estimated that an additional year 
of schooling roughly raises the growth rate by 0.44% per year6. 

The main hypothesis of these studies was that health care technologies aiming 
at reducing the eff ect of ADHD on school achievement may have a considerable 
and quantifi able value for the governments. Evidence from observational 
studies evaluating the educational attainment of individuals with and without 
ADHD, the age specifi c and education specifi c lifetime earnings and taxes 
were projected and compared. The medical costs of ADHD treatment were 
also quantifi ed. Moreover, based on evidence regarding the resource intense 
health-seeking behavioural patterns of individuals with ADHD the longer-term 
health care care costs were projected. The fi rst study assessed and confi rmed 
using the lifetime net discounted tax the fi scal sustainability of treating ADHD 
individuals in Germany whereas the second study conducted a societal CBA.

Decision making and novel economic evaluations frameworks 
The genesis of the quantitative analytic framework proposed here lies on the 
generational accounting methodology. The generational accounting theory 
was developed by Auerbach, Gokhale, and Kotlikoff  as an intergenerational 
framework to evaluate the fi scal consequences of government policy 
decisions7. The generational accounting approach is commonly followed by 
Treasury departments and international organizations such as the World 
Bank and IMF which often apply a generational accounting framework to 
analyse policy decisions7. Inherent in these methodologies is the value of 
translating health capital into productive output and future tax revenue for 
government. Applying this methodology to health care appears to address 
contemporary concerns about the sustainability of health care systems and 
social insurance in Europe and elsewhere.

The underlying hypothesis of this methodology is that fi nance sustainability 
is infl uenced by two opposing population forces that infl uence government 
expenditure and tax revenues. As populations age, the opposing forces 
include economic growth infl uenced by labour market participation, and 
age-related expenditure. Thus, at each point in time it is possible to quantify 
the fi scal value of human life. This is particularly relevant for the prevention 



Chapter 9

133

and treatment of paediatric diseases. Assessing the fi scal value of protecting 
human life by deriving net tax revenues from health gains is an unconventional 
approach seldom considered in the health economics literature. 

Of the fi rst applications of this method in health was the work produced by 
Connolly et al., in assisted reproduction8-11. Identifying the urgent need for 
increasing births, in view of declining birth rates, increasing numbers of aging 
and retired, and the predicted insolvency of social security Connolly et al., 
quantifi ed the fi scal value of assisted reproduction for several countries8-11. 
Using a similar framework the fi scal value of eliminating rotavirus infection 
in Egypt was quantifi ed12. 

The proposed framework is also relevant for adult working-aged populations. 
Demographic projections suggest that the composition of European 
populations will change in the next few decades. Logically, a change in 
the population pyramid is expected to add budget pressures to the scarce 
governmental budgets. Despite the widespread belief that ageing leads to the 
escalation of cost a growing body of literature has shown that ageing per se 
is not the key cost driver13. Evidence suggests that proximity to death is a key 
cost driver per person. Moreover, these studies suggest that the cost of dying 
declines with age and is higher for those who die prematurely. Furthermore, 
longevity is thought to result in lower average costs of dying whilst health 
care utilization rates do not increase continuously with age; rather they peak 
at around 80–85 years and then start to fall13. In the light of this evidence an 
intergenerational tool for assessing health care interventions may be useful 
to policy-makers because it provides with quantifi cation of the intertemporal 
relationship between health care decisions and healthy ageing.

Decision making and economic evaluations 
Economic evaluations aim at informing decision making. Conventional 
economic evaluations address the issue of effi  cient use of health care 
resources mainly from the perspective of the health service. In more seldom 
cases the broader societal impact of diseases is assessed. According to 
Brouwer and Koopmanschap14 (2000) the results of economic evaluations 
should be pragmatically considered as an imperfect aid to decisions which 
aims at informing decision making by being factored into a multi-criteria 
decision making process rather than ‘prescribing’ to the budget holder an 
optimal allocation of resources.

In 2009 the World Health Organisation (WHO) acknowledged that injury and 
illness can impact government fi scal accounts both in terms of lost tax revenue 
and increased transfers costs15. The implications of this report suggest that 
preventing illness would likely have a positive impact for government as more 
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people would be working and paying taxes. Moreover, a report commissioned 
by the UK government, describing the impact of ill health in working aged 
adults, suggested that health care costs of illness represented only 8-15% of 
total government costs16. The fi ndings of the report suggest that applying a 
health service or societal perspective analytic framework to evaluate health, 
in working-age adults, would not take into account approximately 90% of 
costs that fall on the UK government. Hence, economic assessments focusing 
solely on the health service cost may underestimate the economic impact of 
disease to governments. The proposed, in this Thesis, framework may capture 
a considerable proportion of the dismissed costs of diseases. 

The framework described here may constitute a useful tool for evaluating the 
long-term intergenerational fi scal consequences of policy decisions7. This 
framework has similarities with the traditional CBA and the broader economic 
benefi ts assessments. The hypothesis of this framework is that prevalence 
of diseases in the current and future generations that result in mortality 
and productivity losses, through morbidity and indirect consequences 
may be critical determinants of long-term public fi nance sustainability. 
In developing countries, health care investments may increase economic 
growth and therefore the income base which governments can tax. In turn, 
increased government revenues may result in more public investments which 
may trigger fi scal multiplier’s eff ects and improve development. In developed 
countries, maintaining ageing populations healthy will contribute to the 
sustainability of social and health protection systems. 

Notwithstanding the economic notion of effi  ciency given the scarcity of 
resources, policy-makers increasingly face short-term budget constraints. 
In a CBA, social well-being will be maximized if interventions are ranked in 
decreasing order of cost: benefi t-ratios and the interventions with the highest 
ratios would be implemented until the budget is exhausted17. A similar decision 
making process could be followed from a fi scal or government perspective. 
Broadening the benefi ts that are taken into account in a CBA will make it more 
likely that health interventions with wider benefi ts and/or externalities will 
be selected for implementation under such a decision rule17.

Making decision on the basis of CBA, regardless of the analytical perspective, 
is very often controversial especially when CBA is seen as a mechanism of 
monetarisation of health outcomes18. In a review of the shortcomings of CBA 
as a decision making tool, ethical methodological and political caveats were 
identifi ed. Methodological shortcomings mainly refer to the way that CBAs 
and other economic evaluations deal with uncertain parameters and risk. In 
the past few decades though, several stochastic methods have been developed 
which may eliminate the eff ects of uncertainty. 
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More importantly, ethical considerations arise when CBA is used in real-life. 
Ethical considerations stem mainly from the fact that CBA implicitly weights-up 
human life. Moreover, CBA may make inter-generational assessments and may 
omit equity considerations and favour effi  ciency18. To the contrary, the advocates 
of CBA in health care view it as a means of weighting risks, costs and benefi ts. 
This weighting is deemed by economists as an inherent decision process that 
transcends every aspect of human economic behaviour. From an economic 
theory standpoint, attaining effi  ciency is the cornerstone of economic behaviour. 

Ideally, an economic analysis should be able to capture both economical 
and ethical and equity considerations. The trade-off  between equity and 
effi  ciency and the bioethics of economic evaluations and CBA are beyond 
the scope of this Thesis. Herein, we present the case in favour of quantifying 
the broader consequences of diseases and therefore, the broader economic 
benefi ts of therapeutic and preventive interventions. It is advocated that 
the economic theory provides with a plethora of macro and microeconomic 
methods for assessing the burden of disease and the costs and benefi ts 
of health interventions. A government perspective quantitative analytic 
framework, or in another words a fi scal approach to conducting a CBA is 
presented. This framework may prove useful and inform the allocation of 
scarce governmental budgets within the health care setting and at a wider, 
cross-sectorial level. 

Developing and implementing novel methods which factor in a variety of 
economic considerations is important as current economic evaluations may 
underestimate, in many cases, the true benefi ts of health interventions. Novel 
economic evaluations should have a broader scope than conventional cost-
eff ectiveness analyses and integrate several diff erent perspectives including 
that of the government which is, in a considerable number of countries, the 
key payer of health care services. Integrating these evaluations into a multi-
criteria decision analysis is a systematic way of counting costs and benefi ts 
for a variety of perspectives and may lead to effi  cient and equitable allocation 
decisions of scarce resources. 
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SUMMARY

In the literature of economics, “good health” has been found to be linked 
with economic growth. Health is an important component of human capital. 
“Good health” results in higher productivity, educational attainment, 
employment rates and income. Historically, economic growth has allowed 
public investments in health care infrastructure that, in turn, have led to the 
improvement of health status. Economic growth and demographic changes 
have also resulted in escalating health care costs which add pressures to 
public fi nances. Given the scarcity of resources, cost pressures mandate 
rationalization and attainment of economic effi  ciency. 

Economic evaluations in health care have been a valuable tool for identifying 
effi  cient allocations of resources and have informed resource allocation 
decision making. Conventional economic evaluations mainly address the 
issue of health care service budget effi  ciency and they seldom quantify wider 
consequences. The latter include a variety of externalities, the impact of 
diseases on cognition and school performance as well as behavioural eff ects 
that may alter economic decisions. Approaching economic evaluations 
in health care from a broad perspective that accounts for a considerable 
proportion of the broader health benefi ts and externalities, requires a new 
conceptualization and new methods for the quantifi cation of benefi ts. 

In Part I of this Thesis a quantitative analytic methodological framework for as-
sessing the government perspective or fi scal impact of health conditions and the 
fi scal benefi ts of therapeutic interventions and immunizations, is presented. Part 
II of this Thesis applies the method to paediatric, adolescent and adult vaccina-
tions. Part III aims to quantify the broader benefi ts of treating ADHD in Germany.

Traditional approaches for evaluating health programs focus on health 
service and societal perspectives and may fail to consider broader impacts 
on productivity and future government tax revenue tied to productive 
labour output. In Part I a methodological framework for assessing the 
impact of health conditions on government tax revenue is presented and 
tested in paediatric conditions which may impact educational attainment. 
The framework links diff erences in educational attainment to education 
specifi c wages. It combines methods from human capital economics, health 
economics, cohort epidemiological modelling and generational accounting. 
This framework integrates program analysis with fi scal accounting to 
estimate how investments in health care infl uence future government tax 
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revenue and thus, it is relevant to tax-fi nanced health systems concerned 
about their sustainability. The presented framework may inform policy 
analysis with respect to resource allocation and funding and provides a tool 
for cross-sectorial comparisons.

The government perspective fi scal framework described in Part I was 
implemented to show how governments may benefi t from investments 
in immunisation as a supplementary approach to conventional cost-
eff ectiveness approaches. The fi scal impact of changes in morbidity and 
mortality attributed to rotavirus immunisation was quantifi ed in Ghana 
and Vietnam. The research derived the impact of rotavirus morbidity and 
mortality on lifetime productive capacity and related tax transfers, and the 
demand for government transfers in relation to education and health care in 
immunized and non-immunized cohorts. 

The discounted age-specifi c net tax revenue was derived by deducting 
transfers from gross taxes and discounting for time preference. In Ghana, 
taking into account immunisation costs, tax and transfers, the estimated 
net discounted tax for the immunized cohort was estimated to generate $2.6 
billion in net taxes up to age 65. In Vietnam, the net revenue attributed to the 
immunised cohort reached $55.17 billion suggesting an incremental benefi t of 
approximately $29 million.

An application of the framework to HPV adolescent immunization was 
subsequently produced. HPV infections are known to cause a substantial 
burden in females and males as they associate with several genital cancers and 
a subset of head and neck cancers as well as with genital warts. The research 
estimated the fi scal consequences associated with HPV immunization in 
males and females. Moreover, the research produced a CBA of investing in 
universal immunization in Germany. 

To estimate the economic benefi ts attributed to immunization-related 
changes in morbidity and mortality, direct and indirect tax rates were linked 
to diff erences in age and gender specifi c earnings. Over the lifetime of the 
combined male/female cohorts, the analysis demonstrated that universal 
immunization against HPV yields a benefi t-cost ratio greater than 1 in terms 
of additional gross tax revenues for the German government. Moreover, 
universal HPV immunization may result in positive incremental net tax (i.e 
tax revenue-transfers) for the German government. 

The last application of the method in infectious diseases assessed the costs and 
benefi ts associated with immunizing susceptible adult populations through 
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population-based immunization programs against diphtheria, tetanus, 
seasonal infl uenza, pneumococcal diseases, pertussis and herpes zoster. 

The research estimated the benefi ts linked to governmental investments in 
immunization in the short and long-term. This study employed a “government 
perspective” analytic framework to estimate the governmental return 
on investment for immunizing adults in the Netherlands. Immunization 
was linked to a discounted gross tax revenue gain of €537 million over the 
remaining lifetime of a single birth cohort. Based on the investment costs of 
vaccinating those aged 50, immunization yielded a considerably favourable 
benefi t-cost ratio of 4.02.

In Part III of this Thesis, we applied the proposed framework in the chronic 
paediatric condition of ADHD. Two studies were conducted based on a well-
established causal relationship between educational attainment and earnings. 
The main hypothesis of these studies was that health care technologies 
aiming at reducing the eff ect of ADHD on school achievement may have a 
considerable and quantifi able value for the governments. 

In the fi rst study, evidence from observational studies evaluating the 
educational attainment of individuals with and without ADHD, the age 
specifi c and education specifi c lifetime earnings and taxes were projected 
and compared. The medical costs of ADHD treatment were also quantifi ed. 
Moreover, based on evidence regarding the resource intense health-seeking 
behavioural patterns of individuals with ADHD the longer-term health care 
care costs were projected. The fi rst study assessed and confi rmed using 
the lifetime net discounted tax the fi scal sustainability of treating ADHD 
individuals in Germany. The second study conducted a societal CBA for the 
theoretical benefi ts of treatments. 

The fi rst study showed that investments in ADHD interventions allowing 
more children to achieve their educational potential may off er fi scal benefi ts 
generating a positive rate of return. The lifetime net tax revenue for a non-
ADHD individual was approximately €80,000 higher compared to an 
untreated ADHD individual. The fi scal burden of untreated ADHD, based on 
a cohort of n=31,844 born in 2010, was estimated at €2.5 billion in net tax 
revenue losses compared with an equally-sized non-ADHD cohort. ADHD 
interventions providing a small improvement in educational attainment 
resulted in fi scal benefi ts from increases in lifetime tax gains. The projected 
rate of return suggests that for each Euro spent on a new ADHD intervention 
the government and social insurance system may gain €1.39 in lifetime 
discounted net tax revenue and €3.02 in discounted gross tax revenue. 
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The second study collated observational ADHD evidence with demographic 
and human capital economics methods to quantify ADHD’s impact on 
educational attainment and long-term labour outcome in Germany. Moreover, 
the theoretical benefi ts deriving from eff ective interventions targeting ADHD 
were quantifi ed. 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 CBA suggested that reasonably 
eff ective interventions may justify considerable investment in ADHD targeted 
intervention.

Originating from the observed gap between micro and macro estimates 
attributed to health and the subsequent challenges this gap presents to our 
understanding of health-related productivity changes and consequently 
economic benefi ts, a critique of the existing methodologies was conducted. 
Subsequently, it is proposed that there is a transitional domain that links 
the microeconomic and macroeconomic improvement attributed to health 
status changes. Currently available economic evaluation methods typically 
omit these consequences however; they may be adjusted to integrate these 
transitional consequences. 

Notwithstanding the caveats and practical challenges of conducting a broader 
economic analysis, it is suggested that broadening the benefi ts that are taken 
into account in an economic evaluation, will make it more likely that health 
interventions with wider benefi ts and/or externalities will be selected for 
implementation.



SAMENVATTING

In de economische literatuur wordt een “goede gezondheid” veelal gelinkt 
met economische groei. Welzijn is een belangrijk onderdeel van het 
menselijk kapitaal. “Gezondheid” resulteert in een hogere productiviteit, 
een hoger opleidingsniveau, hogere werkgelegenheid en een hoger inkomen. 
Historisch gezien heeft economische groei de ruimte gegeven aan publieke 
investeringen in de infrastructuur van de gezondheidszorg. Die op hun beurt, 
voor verbeteringen hebben gezorgd van het maatschappelijk welzijnspeil. 
Economische groei en demografi sche veranderingen zijn uitgelopen in een 
zeer sterke groei in de kosten van de gezondheidszorg, welke druk leggen 
op de publieke fi nanciering. Gezien de schaarste van de middelen vereist de 
kostendruk een verstandelijke benadering en economische krachtdadigheid.

Economische schattingen zijn een waardevol instrument gebleken in de ge-
zondheidszorg voor het identifi ceren en het informeren bij de besluitvor-
ming van het effi  ciënt toewijzen van middelen. Conventionele economische 
gezondheidsevaluaties richten zich voornamelijk op het rendement van de 
gezondheidszorg-service-begroting en richten zich zelden op de bredere ge-
volgen. Het laatste betreft een variatie aan externe, de impact van ziektes op 
kennis en prestaties op school en ook gedragseff ecten die economische be-
slissingen kunnen veranderen. Het benaderen van economische evaluaties in 
de gezondheidszorg in een breed perspectief, welke rekening houdt met een 
aanzienlijk deel van de bredere voordelen voor welzijn en externe, vereist een 
nieuwe beeldvorming en nieuwe methoden voor de meting van de voordelen.

In Part I van dit proefschrift wordt een kwantitatief analytische methodo-
logisch kader voor het beoordelen van het perspectief van de overheid van 
de fi scale invloed van gezondheidsproblemen en de fi scale voordelen van 
preventieve en therapeutische ingrepen (interventies) en immunisaties ge-
presenteerd. Part II van dit proefschrift betrekt de methode op pediatrische, 
jongeren en volwassenen immunisering. Part III richt zich op het meten van 
de bredere voordelen van het behandelen van ADHD in Duitsland.

Traditionele benaderingen voor het evalueren van welzijnsprogramma’s leg-
gen hun focus op gezondheidszorg en maatschappelijke perspectieven. Daar-
bij kunnen ze falen in het rekening houden met de invloed op productiviteit 
en toekomstige belastinginkomsten in verhouding tot arbeidsproductiviteit. 
In Part I wordt een kwantitatief analytische methodologisch kader voor het 
beoordelen van het eff ect van gezondheidsproblemen op belastinginkomsten 
gepresenteerd en getest in pediatrische condities welke impact kunnen heb-
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ben op het opleidingsniveau. Het kader verbindt verschillen in opleidings-
niveau met onderwijs specifi eke lonen. Het combineert methoden uit human 
capital economics, health economics, cohort epidemiological modelling en 
generational accounting. Dit kader integreert programma-analyse met fi scale 
boekhouding om te kunnen bepalen hoe investeringen in de gezondheids-
zorg toekomstige belastinginkomsten kunnen beïnvloeden en daarom, het 
is relevant voor gezondheidszorg systemen welke gefi nancierd worden op 
basis van belastinggeld, dat deze zorg dragen voor hun duurzaamheid. Het 
gepresenteerde kader kan beleidsanalyse informeren met respect voor de 
toewijzing van middelen en fi nanciering en zorgt voor een instrument voor 
cross-sectorale vergelijkingen.

Het overheids gerichte fi scale begrotingskader uit Part I is geïmplementeerd 
om te laten zien hoe overheden voordeel kunnen hebben van investeringen 
in immunisering als een aanvullende benadering tot een conventionele kos-
ten-eff ectieve aanpak. Het fi scale eff ect bij veranderingen van ziekte- en sterf-
tecijfers toegeschreven aan rotavirus immunisering, is aangetoond in Ghana 
en Vietnam. Het onderzoek heeft het eff ect afgeleid van rotavirus ziekte- en 
sterftecijfers op levenslange productiecapaciteit en gerelateerde belasting over-
drachten en de vraag om overheids overdrachten, in relatie tot educatie en ge-
zondheidszorg in geïmmuniseerde en niet-geïmmuniseerde groepen.

De gereduceerde leeftijd-specifi eke netto belastinginkomsten zijn afgeleid 
door overdrachten van bruto belastingoverdrachten en discontering af te 
trekken in een tijdsvoorkeur. In Ghana, rekening houdend met immunisering 
kosten, belasting en overdrachten, is de geschatte netto gereduceerde belas-
tingen voor de gevaccineerde groepen $2.6 miljard aan netto belastinginkom-
sten, tot de leeftijd van 65. In Vietnam, de netto inkomsten toegeschreven aan 
de gevaccineerde groepen bedraagt $55.17 miljard, daarmee een stapsgewijs 
voordeel suggererend van ongeveer $29 miljoen.

Een toepassing van het kader HPV volwassen immunisering is eveneens ont-
wikkeld. HPV infecties staan er om bekend een zware last te zijn voor vrou-
wen en mannen omdat ze geassocieerd worden met genitale kanker en een 
subgroep van hoofd- en nekkanker en ook genitale wratten. Het onderzoek 
verwachte fi scale consequenties in verband met HPV immuniseaties bij man-
nen en vrouwen. Het onderzoek geeft bovendien een kosten-baten analyse 
van investeringen in universele immunisering in Duitsland.

Om de economische voordelen, toegeschreven aan immunisering gerela-
teerde veranderingen in ziekte- en sterftecijfers, in te kunnen schatten, zijn 
directe en indirecte belastingen tarieven gelinkt aan verschillen in leeftijd- en 
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gender specifi eke inkomsten. Gedurende de levensloop van de gecombineer-
de mannen/vrouwen groepen, heeft de analyse laten zien dat universele HPV 
vaccinatie een baten/kosten ratio groter dan 1 oplevert, op het gebied van 
additionele bruto belastinginkomsten voor de Duitse overheid. Bovendien, 
universele HPV immunisering kan resulteren in positieve stapsgewijze net-
to belastinginkomsten (i.e. belastinginkomsten overdrachten) voor de Duitse 
overheid.

De laatste toepassing van de methode bij infectie ziektes heeft de kosten en 
baten geassocieerd met immunisering van vatbare volwassen populaties on-
derzocht doormiddel van bevolkingsgebaseerde immunisatie programma’s 
tegen difterie, tetanus, jaarlijkse griep, pneumokokkeninfecties, kinkhoest en 
herpes zoster.

Het onderzoek schat de voordelen gelinkt met overheidsinvesteringen in im-
munisering op korte en lange termijn. Deze studie heeft gebruik gemaakt van 
een “overheids perspectief” analytisch kader om de overheids teruggave bij 
investeringen van het immuniseren van volwassenen in Nederland. Immuni-
sering is gelinkt aan een gereduceerde bruto belastingwinst van €537 miljoen 
voor de resterende levensloop van een enkele geboorte groep. Op basis van 
de investeringskosten van het vaccineren van mensen van 50 jaar, heeft im-
munisering een aanzienlijk gunstiger baten/kosten ratio van 4.02 opgeleverd.

In Part III van dit proefschrift hebben we het voorgestelde kader toegepast bij 
de chronische pediatrische aandoening ADHD. Twee studies zijn verricht, ge-
baseerd op een reeds bevestigd causaal verband tussen opleidingsniveau en 
inkomen. De hoofdhypothese van deze studies was dat gezondheidszorg tech-
nologieën die zich richten op het verminderen van het eff ect van ADHD op 
schoolprestaties een aanzienlijke en meetbare waarde heeft voor overheden.

In de eerste studie zijn bewijzen uit observationele studies, welke het oplei-
dingsniveau van individuen met en zonder ADHD, de leeftijd- en opleidings-
specifi eke levenslange belastbare inkomsten evalueren, geprojecteerd en 
vergeleken. De medische kosten van ADHD behandelingen zijn ook becijferd. 
Bovendien, gebaseerd op bewijzen aangaande intense welzijnsbevorderende 
gedragspatronen van individuen met ADHD, zijn de lange termijn gezond-
heidskosten geprojecteerd. De eerste studie, gebruik makend van de levens-
lange netto gereduceerde belastingen, toetst en bevestigt de fi scale duur-
zaamheid van de behandeling van ADHD individuen in Duitsland. De tweede 
studie heeft een maatschappelijke kosten/batenanalyse voor de theoretische 
behandelvoordelen uitgevoerd.
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De eerste studie laat zien dat investeringen in ADHD interventies die meer 
kinderen hun opleidingspotentieel laat bereiken, fi scale voordelen kunnen 
bieden welke een positief rendement genereren. De levenslange netto be-
lastinginkomsten voor een non-ADHD individu is ongeveer €80,000 hoger 
in vergelijking tot een onbehandeld ADHD individu. De fi scale last van een 
onbehandeld ADHD individu, gebaseerd op een groep van n=31,844 geboren 
in 2010, is geschat op €2.5 miljard in netto belastinginkomstverliezen, in ver-
gelijking tot een vergelijkbare non-ADHD groep. ADHD interventies bieden 
een kleine verbetering in opleidingsniveau, welke resulteren in fi scale voor-
delen door levenslange belasting winsten. Het geprojecteerde rendement 
suggereert dat voor elke Euro besteed aan een nieuwe ADHD interventie, de 
overheid en het sociale verzekeringssysteem €1.39 winst ontvangt aan le-
venslange netto gereduceerde belastinginkomsten en €3.02 in gereduceerde 
bruto belastinginkomsten.

De tweede studie bundelt observationeel ADHD bewijs met demografi sche en 
human capital economics methoden, om ADHD invloed op opleidingsniveau 
en lange termijn arbeidsuitkomst in Duitsland af te bakenen. Bovendien wor-
den de theoretische voordelen, afgeleid van eff ectieve interventies gericht op 
ADHD, gekwantifi ceerd. Bepaald is dat het gemiddelde inkomstenverlies ge-
associeerd met ADHD per hoofd van de bevolking €92,000 bedraagt, wat een 
maatschappelijk verlies van €2.93 miljard suggereert van een enkele groep 
(n =31,864). De kosten/baten analyse suggereert dat redelijkerwijs eff ectieve 
interventie, aanzienlijke investeringen gericht op de interventie van ADHD 
rechtvaardigen.

Voortkomend uit de waargenomen kloof tussen micro- en macroschattingen, 
toegeschreven aan welzijn en de daaropvolgende uitdagingen die deze kloof 
biedt aan ons begrip van welzijn-gerelateerde productiviteitsveranderingen 
en bijkomende economische voordelen, is er kritiek op de bestaande me-
thodieken verricht. Aanvullend is voorgesteld dat er een overgangsdomein 
is, welke de micro- en macro-economische verbetering toegeschrijven aan 
welzijnsveranderingen verbindt. De tegenwoordig beschikbare economische 
evaluatie methoden laten doorgaans deze gevolgen achterwege, echter; zij 
kunnen worden aangepast om deze overgangsgevolgen te integreren.

Ondanks de kanttekeningen en de praktische uitdagingen voor het uitvoe-
ren van een bredere economische analyse, wordt gesuggereerd dat het ver-
ruiming van de voordelen, waar rekening mee wordt gehouden in een eco-
nomische evaluatie, het waarschijnlijker maakt dat welzijnsmaatregelen met 
bredere voordelen en/of externe eff ecten, de voorkeur hebben.
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