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Abstract 

Anna Philipson (2022): Health economic aspects of emotional problems and 
pain symptoms in childhood and adolescence, long-term outcomes, efficacy 
and cost-effectiveness of interventions. Örebro Studies in Medicine 253 

Emotional problems and pain symptoms among children and adolescents 
are a global public health challenge that imposes a great burden on the 
individuals affected and on society. Because resources are limited, alloca-
tion and prioritization are needed. Health economic analysis can constitute 
a foundation for such decisions. 

The overall aim of this thesis is to estimate long-term outcomes associated 
with adolescent depression and to evaluate interventions for emotional prob-
lems and pain symptoms in childhood and adolescence from a health economic 
perspective. The thesis is based on four papers: paper I is a longitudinal cohort 
study of 539 participants, showing that adolescent depression is associated 
with reduced earnings in adulthood, papers II, III, and IV are based on two 
randomized controlled trials of interventions. In paper II, a dance intervention 
for 112 adolescent females with internalizing symptoms were evaluated. A 
cost–utility analysis was performed, indicating that the intervention was cost-
effective given a willingness-to-pay threshold of USD 50,000 with an incre-
mental cost-effectiveness ratio of USD 3830/quality-adjusted life year. Papers 
III and IV evaluated a dance and yoga intervention for 121 girls, 9–13 years 
old, with functional abdominal pain disorders. Paper III showed that the inter-
vention group decreased their abdominal pain more than did the control 
group. In paper IV, the cost–utility analysis of the trial indicated a negative 
incremental cost-effectiveness ratio, investigated from a societal perspective, 
over both one and ten years. 

In conclusion, this thesis identifies a need for preventive as well as treatment 
interventions for emotional problems in adolescence, to decrease the preva-
lence of emotional problems and mitigate negative outcomes. Dance or dance 
and yoga combined can be effective and cost-effective early treatment interven-
tions for emotional problems and pain symptoms among females in childhood 
and adolescence. These findings may assist decision-makers in resource alloca-
tion within this area. 

Keywords: Cohort studies, cost-effectiveness, emotional problems, depression, 
pain symptoms, FAPD, children, adolescents, dance, yoga. 

Anna Philipson, Faculty of Medicine and Health, Örebro University, 
SE-701 82 Örebro, Sweden, anna.philipson@regionorebrolan.se 
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Introduction 
The year was 1997, I was 19 years old and pretty confused about what to 
do next in life. Reading the catalogs from different universities, I found 
something called “public health.” Fairly unknowing about what that was, I 
applied and started my academic journey. Struggling with ambiguous re-
search articles, I was very clear about one thing: I would never become a 
researcher.  

One day, an article from a newspaper caught my attention. It was an 
interview with a woman who worked as a “health economist.” Combining 
health and economics sounded great to me, so I decided to take some 
courses in economics as well. Time passed, I graduated and started my first 
job in a field far from both public health and economics. Unexpectedly, I 
was contacted by an old friend about a job in public health for children. I 
took the chance and finally started my journey in the public health sector 
with the clear goal of giving all children and adolescents the best conditions 
for a good life.  

After 10 years in the public health sector, educating school staff in health 
promotion, meeting parents to prevent drug abuse, creating epidemiological 
reports, and trying to convince stakeholders of the value of various inter-
ventions, I had realized one thing: one always needs economic arguments. 
With growing interest in research, I was thrilled to go back to academia and 
dig into the area that I had read about 15 years earlier—health economics. 
The product of that interest is here, a thesis addressing a public health prob-
lem using a health economic approach.  

In my research and work as a health economist, I have had the privilege 
to participate in various research projects. The health and welfare of chil-
dren and young people are always at the top of my mind and their mental 
health has always been one of my biggest concerns, in both my professional 
and private lives. As the very first step in my research career, I had the honor 
to be involved in the Dance Project. This was a study investigating dance 
for adolescent females with internalizing symptoms, from which Paper II 
derives. When I and some colleagues later came across the excellent Uppsala 
Longitudinal Adolescent Depression Study (ULADS), we started collaborate 
with the experienced researchers involved in it to explore the economic out-
comes of adolescent depression. Having access to the goldmine of register 
data was a new experience for me that was both fantastic and sometimes 
frustrating. Based on ULADS, the first Paper in this thesis aims to improve 
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our knowledge of the long-term economic outcomes of adolescent depres-
sion.  

Papers III and IV are both based on the Just in TIME (JiT) study, a re-
search project I slipped into while waiting for register data for ULADS. In 
my work on public health for children and young people, I have met many 
school nurses, teachers, and parents trying to tackle the increasing trend of 
children and youth with emotional problems or pain symptoms, such as 
headache, back pain, or abdominal pain. Being part of something that might 
help these children has been very stimulating, and it is hopeful to see how 
the idea of a combined dance and yoga intervention has affected the partic-
ipating girls. Overall, I really hope that this thesis will make a valuable con-
tribution to public health and health economic research and give readers 
some arguments for the future.  
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Background 
This section starts by introducing the area of mental health among children 
and adolescents in general and emotional problems and pain symptoms in 
particular, including definitions, prevalence, risk factors, long-term out-
comes, gender aspects, and, finally, an economic view of the problem. The 
next part is about how to deal with emotional problems and pain symp-
toms, starting with a theoretical model for interventions in the area of men-
tal disorders, and continuing with evidence for various treatments, includ-
ing dance and yoga. The following section presents decision-making in 
healthcare, including the influence of health economic traditions and the 
theory of health economic evaluations. Finally, previous research on health 
economic evaluations in the area of emotional problems and pain symptoms 
is presented, including challenges encountered in the health economic eval-
uation of these problems and symptoms. 

Mental health problems 
Since 1996 when the World Health Organization (WHO) added them to its 
Global Burden of Disease report on the leading causes of disability, mental 
health problems have been an internationally discussed issue.1 Mental 
health problems constitute a broad concept covering both less serious men-
tal strain and more severe symptoms fulfilling criteria for diagnosable men-
tal illnesses.2 These problems cause considerable suffering, economic loss, 
and social problems for the individuals affected as well as for society. Men-
tal health problems account for over 14% of the disease burden in devel-
oped countries, which is more than the disease burden caused by all can-
cers,3 and in 2010, the Global Burden of Disease Study showed that the 
largest proportion of disability-adjusted life years (DALYs) lost was from 
mental disorders.4 In the European Union (EU), at least 83 million people 
suffer from mental health problems,5 with the economic burden being sub-
stantial6 but differing between population subgroups.7 In addition, mental 
and substance-use disorders are the leading cause of years lived with disa-
bility (YLD) globally among young people 0-24 years old.8 
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Emotional problems and pain symptoms in childhood and 
adolescence 

Definitions 
Mental health problems can be divided into externalizing and internalizing 
symptoms. Externalizing symptoms refer to disorders with salient impul-
sive, disruptive, conduct, and substance-use symptoms, while internalizing 
symptoms are defined as disorders with salient anxiety, depressive, and so-
matic symptoms.9 Somatic symptoms in childhood and adolescence often 
refer to headache, back pain, or abdominal pain.10 In this thesis, the focus 
is on children and adolescents with emotional problems in general, such as 
persistent feelings of tiredness, worry, low spirits, and, in particular, depres-
sion. This thesis also takes into account overall pain symptoms, in particular 
functional abdominal pain disorders (FAPD). FAPD are defined as chronic 
or recurrent abdominal pain that cannot be attributed to another medical 
condition. In the Rome IV criteria, which are the most recent symptom-
based guidelines for diagnosing child and adolescent functional gastrointes-
tinal disorders, FAPD include irritable bowel syndrome (IBS), functional 
dyspepsia, abdominal migraine, and functional abdominal pain—not oth-
erwise specified (this term replaced functional abdominal pain [FAP] and 
functional abdominal pain syndrome [FAPS] from Rome III11).12 

Prevalence 
Emotional problems and pain symptoms among children and adolescents 
are a major public health challenge. In a Swedish self-reporting survey, 62% 
of females in grade nine reported recurrent emotional or somatic symp-
toms,13 and 54% of youths (15—24 years old) reported problems with anx-
iety or worry.14 Anxiety and depression are reportedly the most common 
psychiatric disorders in children and adolescents, with anxiety being more 
expressed in childhood and depression in adolescence and adulthood.15 A 
worldwide meta-analysis has estimated the prevalence of adolescent depres-
sion at about 6%,16 with a strong female dominance.17 Another study re-
ported the lifetime prevalence of mood disorders (including major depres-
sive disorders or dysthymia) to be about 12% and any anxiety disorder to 
be up to 32% in adolescence.15 

The prevalence of pain symptoms is also reported to be high in children 
and adolescents. A recent regional study from Region Örebro County, Swe-
den, showed that about 25% of females and about 10% of males in grade 
nine frequently (“often or every day”) had pain symptoms.18 FAPD affect 
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10.5% of school children (4–18 years old) in Europe19 and up to 25% of all 
children and adolescents worldwide,20 with IBS accounting for the largest 
proportion.19 The prevalence of FAPD is significantly higher among females 
than males.19,21 However, the epidemiology of FAPD is hampered by differ-
ences among the diagnostic criteria from the various assessment tools and 
the Rome criteria.22 

Previous research has shown that the prevalence of emotional problems 
and pain symptoms has tended to increase, though there are some disparities 
in findings. A recent report demonstrated an increase in the proportion of 
children (11-15 years old) that frequently were feeling low or nervous, with 
the most obvious increase during the last ten years.23 Another recent Swe-
dish study showed a tendency for increased anxiety or depression among 
adolescents in recent years,24 while one study showed that the prevalence of 
psychosomatic symptoms has increased only among adolescent females.25 
In addition, a systematic review of mental health from several cultural con-
texts indicated an increase in internalizing symptoms only among adoles-
cent females, but found varying results for males.26 

Risk factors 
Emotional problems and somatic symptoms, such as pain, are closely con-
nected. Childhood psychological abuse, anxiety, depression,27,28 and stress28 
are risk factors that influence the severity and maintenance of persistent so-
matic symptoms and pain. On the other hand, pain symptoms are well-rec-
ognized risk factors for psychiatric disorders28,29 and are common among 
depressed adolescents.30 

Moreover, being female, lower parental education, and the presence of 
psychiatric comorbidity are risk factors for earlier depression onset,31 but 
fully understanding the pathogenesis of depression in adolescence is chal-
lenging.32 Depression can range in severity from mild to very severe, and 
major depressive disorder is characterized by periods when patients have no 
or mild symptoms and periods when patients experience intensified symp-
toms. Patients may experience a single episode or recurrent ones, usually 
lasting from a few months to a few years.31 Longer depression episodes are 
associated with earlier onset (before the age of 15), suicidal ideation, and 
seeking mental health treatment. Among adolescents who recover from a 
depressive episode, the risk of experiencing a new episode ranges from 5% 
during the first six months to 33% within four years.33 

The causes of somatic symptoms such as abdominal pain, headache, 
backache, and sleeping problems are not clear, but previous reviews have 
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found that psychosocial factors such as long-term negative stress, depres-
sion, anxiety, and traumatic life events are associated with the presence of 
FAP.19,22 An association between the early psychosocial environment and 
the development of childhood abdominal pain34 has been shown, as has an 
association between being bullied and psychosomatic problems.35 It is gen-
erally accepted that there are complex interactions between biological, psy-
chological, and social factors—often referred as biopsychosocial22—that 
can lead to FAPD in children and adolescents.36,37 

Long-term outcomes 
Emotional problems and pain symptoms in childhood or adolescence can 
lead to various negative outcomes later in life. It has been shown that ado-
lescent depression increases the risk of criminality,38,39 sexual risk behav-
ior,40,41 lower educational attainment,42,43, and suicide,44 and that adolescent 
depression is a risk factor for sustained emotional problems45 and other psy-
chosocial outcomes in adulthood.46-48 Adolescents with persistent depressive 
disorder especially seem to display long-term negative economic outcomes 
such as labor-market marginalization and the substantial use of social trans-
fer payments in adulthood.49,50 However, the full picture of economic out-
comes in adulthood of depression in adolescence are still not known. 

Somatic symptoms in adolescence, especially abdominal pain, are a risk 
factor for mental health problems in later life regardless of mental problems 
in childhood or adolescence.21,51-56 Recurrent pain among children and ado-
lescents is associated with decreased quality of life,54,57-59 reduction in overall 
health,21,54 mental health problems,21,60-62 school absenteeism,60,63 and paren-
tal work absence.54 Moreover, a considerable amount of children and ado-
lescents with pain in childhood or adolescence go on to experience sustained 
pain in adulthood.64-68 

Gender aspects 
Bearing in mind the gender difference in the prevalence of emotional prob-
lems and pain symptoms and that prevalence tends to increase among fe-
males, gender aspects need to be considered. Previous studies have shown 
that being female is associated with a higher risk of stress and somatic symp-
toms,69 and of pain and depressive symptoms.29 At the same time males are 
overrepresented regarding externalizing symptoms such as developmental 
disorders, behavioral disorders, and substance use and have an increased 
probability of dying by suicide.70 In addition, some research has found more 
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long-term negative consequences of depression in terms of educational per-
formance, disability pension, income,7 and unemployment49 in males than 
females. However, other research did not report any gender differences in 
long-term welfare burden.50 

There are various theories of why these gender differences exist and why 
recent generations of adolescent females are at greater risk of internalizing 
symptoms than earlier cohorts. First, negative influences of school perfor-
mance pressure seem to affect girls more than boys.71 The earlier sexualiza-
tion of females, which has been associated with poor self-esteem and de-
pressed mood, could explain the differences.72 Even the changing media cul-
ture and related cultural expectations have been highlighted as negatively 
affecting females more than males.26 Furthermore, the earlier onset of pu-
berty in the current generation of girls than in earlier cohorts26 and the pos-
sibility that females are more socio-emotionally attentive than males are 
other potential reasons as to why there are gender differences in internaliz-
ing problems.73 Hyde et al. studied gender differences in depression. They 
proposed a model that included affective (emotional reactivity), biological 
(genetic vulnerability, pubertal hormones, and pubertal timing and devel-
opment), and cognitive (cognitive style, objectified body consciousness, and 
rumination) factors as sensitive to depression, which, in interaction with 
negative life events, could contribute to the gender difference in depression, 
with increased rates of depression beginning in adolescence among fe-
males.17 Given the high rates of emotional problems and pain symptoms in 
females, the intervention studies in this thesis focused on girls. 

The economics of emotional problems and pain symptoms 
The economic burden of emotional problems and pain symptoms in child-
hood and adolescence is substantial. In recent years, increasing attention 
has been paid to these problems in both research and society, but economic 
evidence has been slow to accumulate.74 One challenge when investigating 
the economic burden is that the cost of treatment and the impact of treat-
ment success are commonly found in different sectors, for example, treat-
ment costs are incurred in the health sector whereas the gains accrue in 
schools.75 

Previous research has indicated that depression in children and adoles-
cents increases the use of healthcare services6,76,77 as well as school services 
and family support.78 A recent study estimated the societal cost of depressed 
adolescents referred to treatment as EUR 38–59 million annually (a total 
cost of EUR 14,795 per family related to depressive disorder in adolescents) 
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in the Netherlands.79 However, considerable variation  in service use be-
tween individuals has previously been indicated.80 Bodden et al.81 also stud-
ied the cost of anxiety, reporting an annual cost of EUR 2748 per family of 
a clinically referred anxious child. In contrast to adults, the direct cost (as 
treatment cost) of depression or anxiety was higher than the indirect cost 
(as lost productivity) for adolescents.79,81 However, the burden of emotional 
problems includes more than just direct and indirect costs; there is also a 
considerable burden due to the reduced functioning and impaired ability to 
accumulate human capital, i.e., education and work experiences. These are 
factors that can affect future productivity, income, and occupation, as well 
as later population health42,82,83 and production loss for society.84 

There are few longitudinal studies of adolescent depression and future 
earnings, which can reflect individual productivity,85 and their findings are 
mixed. 46,48,83,86 The methodological designs vary, and when depressive or 
internalizing symptoms in adolescence were self-reported, a greater reduc-
tion in earnings in adulthood was shown48,83,86 than when prospective stud-
ies assessed depressive disorder in adolescents; these latter studies demon-
strated small40,87,88 or no association with earnings in adulthood.89 

The healthcare burden of FAPD in children is substantial, and the total 
annual cost of care for children with IBS or FAP/FAPS, including both direct 
and indirect costs, has been estimated to EUR 2512.31 per patient, accord-
ing to a study from the Netherlands.90 With an estimated prevalence of 
10.5%19 and about 1.2 million children 10–19 years old in Sweden in 
2020,91 the annual cost of care for children with IBS or FAP/FAPS would be 
about EUR 320 million in Sweden annually. However, it is estimated that 
only 50% of the families of children with recurrent abdominal pain seek 
consultation with a health professional for their children’s symptoms,92 
which suggest that the costs might be even higher. Moreover, a study of IBS 
among adults showed that persons with IBS consume more healthcare and 
require more time off work than do people without IBS, and report that 
their symptoms considerably affect their productivity and ability to opti-
mally perform their jobs.93 

Treatment of emotional problems and pain symptoms in 
childhood and adolescence 
To reduce the burden and decrease the prevalence of  emotional problems 
and pain symptoms in children and adolescents, both preventive and 
treatment interventions need to be developed, evaluated and implemented. 
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The classification of interventions as prevention or treatment can be con-
fusing, because there are various and sometimes even mixed classification 
systems. The traditional public health classification system divides disease 
prevention into primary, secondary, and tertiary prevention. An alternative 
and commonly applied system developed by Mrazek et al.94 divides preven-
tion into universal, selective and indicated prevention representing the pop-
ulation groups that the interventions target and for whom they are thought 
to be optimal.94 This “mental health intervention spectrum for mental dis-
orders” framework (Figure 1), implies that interventions performed before 
the initial onset of a disorder are defined as prevention, using the alternative 
system for prevention. Moreover, treatment interventions are provided to 
individuals who meet or are close to meeting diagnostic criteria. This stage 
also includes interventions intended to reduce the likelihood of future co-
occurring disorders and co-morbidity. Maintenance interventions are pro-
vided on a long-term basis to individuals who have met clinical diagnostic 
criteria.94 The intervention studies in this thesis focus on treatment interven-
tions, concentrating on those who meet or are close to meeting diagnostic 
criteria. 

Figure 1. The mental health intervention spectrum for mental disorders.94 

Treatments for emotional problems and pain symptoms among children 
and adolescents use different approaches, such as pharmaceutical, psycho-
logical, psychosocial or physical approaches, singly or in combination. A 
common psychological treatment for emotional problems is cognitive be-
havioral therapy (CBT),95,96 which has also been studied for application to 
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pain symptoms such as FAPD,97,98 mentioned as a biopsychosocial interven-
tion99 frequently referred in research about FAPD.92,99-102 It is seen as chal-
lenging to classify, diagnose and manage FAPD22,101 and few relevant treat-
ments are supported by good evidence.22,103 In many ways, the aims of ex-
isting FAPD treatments are to reduce anxiety and depression, improve cop-
ing strategies, and recognize and understand the symptomology of the ab-
dominal pain.97 

Physical activity has displayed mixed effects in terms of preventing or 
treating emotional problems and pain symptoms among children and ado-
lescents. In a recent review, Fisher et al.104 reported a moderate, but uncer-
tain, effect of physical therapy on pain and emotional functioning in chil-
dren with chronic pain. Other studies have shown promising effects of phys-
ical activity in preventing or treating emotional problems among children 
and adolescents.105-113 The underlying theories of how physical activity may 
lead to improved psychosocial outcomes involve the physiological effects of 
physical activity, the context in which the activity is offered, the participa-
tion itself, and the learning of athletic skills and achieving goals.109 Previous 
research has shown that physical activity interventions are more effective in 
reducing internalizing symptoms in females and in severe clinical cases,109 
but there is in general lack of evidence supporting physical interventions for 
the management of chronic pain in children.104 

Dance and yoga 
The evidence for dance and/or yoga for children and adolescents with emo-
tional problems or pain symptoms needs to be extended, especially since 
dance is a popular activity among young females.114 The few previous rele-
vant studies have shown that dance can enhance physiological health115,116 
and improve psychological wellbeing in adults as well as adolescents/chil-
dren.116-118 In addition, among adolescent females with  psychosomatic 
symptoms, dance has been shown to enhance self-rated health119 and reduce 
somatic symptoms and emotional stress.120 

Yoga is defined as a psychophysiological therapeutic practice employing 
various movement-, breath-, and attention-based techniques inspired by a 
variety of yogic traditions.121 Compared with dance, there is more evidence 
supporting the use of yoga as a mental health intervention. Yoga has been 
found to improve mental function (by reducing stress),122 reduce depres-
sion,123 anxiety123,124 and anxiety-related symptoms,124 and have positive ef-
fects on bowel symptoms among children and adolescents.125 Moreover, 
yoga has been shown to reduce pain intensity and school absenteeism in 
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children with FAPD,126,127 decrease IBS-related symptoms and increase qual-
ity of life and physical functions in persons with IBS.125,128,129  

Decision-making in healthcare 
Resources, such as people, time, facilities, equipment, knowledge and 
money are limited and we all have to choose, prioritize and allocate between 
different alternatives. This is a basic tenet of economics. A fundamental con-
cept in economics arises as a consequence of choice, i.e., the opportunity 
cost. The opportunity cost of committing some resources to a specific inter-
vention, service, or good is the foregone benefits, that would have been pro-
duced from putting the same resources into the next best alternative.130 The 
overall goal of the healthcare system in Sweden is good health and access to 
health care on equal terms for the whole population. In addition, care 
should be given with equal respect for all persons’ value and dignity, and 
those in greatest need of healthcare should have priority in receiving it.131 

The scarcity of resources within the health sector is inevitable, so deci-
sions must be made on the basis of maximizing the health or welfare of the 
population, given a limited budget. Here, health economic evaluations play 
an important role. Health economics involves the application of economic 
theories, methods,  and concepts, including efficiency, effectiveness, value, 
and behavior, in the production and consumption of health and health 
care.132  

As healthcare needs are greater than the resources available, priority set-
tings are needed. For transparency reasons, the “ethical platform” was in-
troduced in 1997 as a basis for all priority-setting in healthcare in Sweden, 
consisting of three principles: 
 

• the human dignity principle, i.e., all human beings are equal and 
have the same rights, independent of their personal characteristics 
and functions in the society; 

• the needs–solidarity principle, i.e., resources should be allocated 
based on needs; and    

• the cost-effectiveness principle, i.e., when comparing different al-
ternatives (e.g., services, activities and treatments), healthcare 
costs should be reasonable in relation to the effects, which should 
be measurable in terms of improved health and quality of life.133  
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These three ethical principles influence work according to national medical 
guidelines from the National Board of Health and Welfare134 and when the 
Dental and Pharmaceutical Benefits Agency (TLV) assesses the health eco-
nomic implications of pharmaceutical products, medical devices, and dental 
care procedures.135 In turn, these principles offer guidance when health eco-
nomic recommendations are made. 

Health economic traditions  
There are different analytical traditions in health economics. Positive anal-
yses are mainly descriptive and are not intended to tell the decision-maker 
what needs to be done in terms of resource allocation. Normative analyses 
rely on some sort of value judgement and are intended to make recommen-
dations about how to allocate resources. Burden of disease-studies (e.g., cost 
of illness studies)136 can be considered positive in that they describe the con-
sequences of various diseases. Health economic evaluations are normative 
and result in recommendations about how resources should be allocated.137 
They are essential to help decision-makers understand how to make more 
efficient use of limited public resources.74 This thesis applies both a positive 
(Paper I) and a normative perspective (Papers II-IV). 

Two main normative traditions exist in parallel in health economics: wel-
farism and extra-welfarism. Welfarism aims to maximize the societal wel-
fare (or utility) produced by different interventions/policies. Extra-welfar-
ism aims to maximize health, measured in quality-adjusted life years 
(QALYs) or some other health measure, in a resource-constrained health 
system.137 In the welfarist-approach, individuals are seen as rational agents 
able to best judge how to maximize their welfare. The welfarist perspective 
is sometimes called the individual perspective, as it is strictly individual util-
ity that is considered. In extra-welfarism, sometimes called the planning per-
spective, the goal is to maximize health.138 The extra-welfarist perspective 
is the most frequently applied perspective in health economic research.132  

Health economic evaluation 
In addition to tradition, the choice of health economic evaluation method 
is based on several factors: the problem in focus, the challenges of practical 
measurement, the institutional context, etc. There are three main techniques 
for health economic evaluation. Cost-benefit analysis (CBA), is based on the 
welfarist tradition and permits comparisons between different areas, allow-
ing for conclusions as to whether or not an intervention is welfare improv-
ing; it measures both costs and consequences in monetary units.139 Cost–
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utility analysis (CUA) and cost–effectiveness analysis (CEA) arise from the 
extra-welfarist tradition, and are useful when one must allocate a given 
budget.138 The basic idea of all these methods is to compare the value of 
gained health with the cost of one intervention versus another. All three are 
identical in their approach to capturing costs, but differ in how they describe 
and value the outcomes. The information needed for a specific decision and 
normative tradition is the main aspect determining the choice of method.132  

Whereas maximizing health and allocating an existing budget are key as-
pects of CEA and CUA, CBA can be used when the question is whether or 
not the existing budget should be expanded. In CBA, all consequences are 
valued in monetary units, mainly an individual’s willingness to pay (WTP) 
for an outcome. Historically and in the present, CBA studies are more used 
in the areas of transportation and the environment and less in healthcare.140 
In CEA, health outcomes are often expressed in terms of specific one-di-
mensional clinical or patient-centered endpoints, for example lives saved, 
persons vaccinated, cases detected or depression-free days. In CUA, which 
is sometimes seen as a type of CEA, health outcomes are valued in terms of 
a generic measure of health that combines the impact of an intervention on 
a patient’s length of life and health-related quality of life (HRQoL), usually 
converted to QALYs.140 This thesis conducts CUAs of two different inter-
ventions. 

In Sweden, national guidelines from the National Board of Health and 
Welfare,134 TLV,135 and the Swedish Agency for Health Technology Assess-
ment141 for conducting health economic evaluations are applied, as well as 
international guidelines such as the Second Panel on Cost-Effectiveness in 
Health and Medicine142 and the Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS).143 A recent review concluded that several 
guidelines for health economic evaluations are available, with both con-
sistency and variation among recommendations between different coun-
tries. The greatest variations are related to study perspective, comparator, 
discount rate, and types of costs to be included.144 

Identification, measurement, and valuation of costs 
The costs to be considered in a health economic evaluation depends on the 
perspective selected, mainly a societal or healthcare perspective. According 
to the global recommendations from the Second Panel on Cost-Effectiveness 
in Health and Medicine,142 the application of both societal and healthcare 
perspective is recommended (Table 1). 
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Table 1. Perspectives in health economic evaluations.142 

Societal 
perspective 

Healthcare 
perspective 

Formal healthcare-sector costs: medical costs that 
derive from the costs paid both by third-party pay-
ers and by patients out of pocket, including cur-
rent and future costs, related and unrelated to the 
condition under consideration 

Included Included 

Informal healthcare-sector costs: costs of patients’ 
time, un-paid caregivers’ time, and transportation 

Included Not included 

Non-healthcare-sector costs: productivity, con-
sumption, social service, and other non–
healthcare-sector costs 

Included Not included 

The societal perspective is traditionally applied in Swedish recommenda-
tions as well. However, the societal perspective has in recent years been ap-
plied with caution so as not to discriminate against people outside the work-
force.145 

After cost identification, the costing includes two parts, the measurement 
of resource use in physical units and the application of unit prices, i.e., val-
uation. In clinical trials, individual data on the quantity of resources used 
can be gathered from questionnaires, medical records, and registries. The 
pricing of each unit can be more challenging, however. In Sweden various 
administrative resources available for most of the healthcare sector are often 
used in health economic evaluations, for example, the cost per patient da-
tabase.146 The human capital approach is recommended in Sweden for val-
uing the opportunity cost of productivity losses.145 This is based on the es-
timated lost income (including social fees) due to illness.85  

For children and adolescents, who are in focus here, the identification, 
measurement and valuation might be more challenging than for adults. A 
recent paper emphasized a considerable research gaps in the estimation of 
production loss among children and adolescents, highlighting several con-
siderations to be taken into account.147 A variety of approaches were iden-
tified for the identification, measurement, and valuation of production loss 
among children and adolescents. Regarding the identification part, they 
raised questions about the relevance of including children’s time and the 
diversity between intervention groups. Regarding the measurement part, 
they raised questions about who will respond and how the data should be 
collected. The valuation part was considered the most challenging and the 
least investigated, and both absence from formal education and foregone 
leisure time were discussed.147 
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Measuring and valuing health effects 
QALYs are the recommended outcome measure of health consequences in 
CUA.142,145 QALYs combine mortality and morbidity and are calculated by 
multiplying the length of the time period by the utility weight of the HRQoL 
in each period.148 Henceforth, QoL is taken to mean HRQoL. 

There are two categories of QoL measures, i.e., disease/condition-specific 
and generic measures, the latter being preferred in health economic evalua-
tions.144 Generic instruments normally cover matters such as physical func-
tion, mental well-being, social function, and pain. The most widely used 
generic measures of QoL in health economic evaluations are the 36-Item 
Short-Form Health Survey (SF-36), EuroQoL Five Dimensions (EQ-5D), 
Health Utility Index Mark 3 (HUI3), and quality of well-being (QWB).144 
These instruments register many different health states and are preference-
based, meaning that they have algorithms that indirectly generate a utility 
value between zero (similar to dead, but can sometimes be less than 0) and 
one (full health). They are therefore also called multi-attribute utility instru-
ments (MAUIs).149   

Traditionally, two main direct methods have been used to derive the util-
ity values, i.e., time trade-off (TTO) and standard gamble (SG). The TTO 
method asks individuals, primarily from the general public, about the num-
ber of life years to be lived in a specific health state that would be equally 
attractive to living fewer years in a state of full health. This time period is 
varied until the individual values the two choices as equivalent. The SG is 
based on an element of risk in the decisions to be made by the individuals. 
It asks for the maximum mortality risk people are willing to take for a treat-
ment that would fully cure a state of incomplete health; the mortality risk 
is varied until the alternatives are seen as equal.132 However, in recent  years 
Discrete Choice Experiments (DCEs) have become increasingly popular,150 
sometimes in combination with TTO. In a DCE participants are presented 
with a series of alternative hypothetical scenarios containing a number of 
variables, each of which may have a number of variations or “levels.” Par-
ticipants are told to state their preferred choice between two or three com-
peting scenarios, each of which consists of a combination of these attrib-
utes/levels. A DCE survey typically includes five to ten such choices. Prefer-
ences are revealed without participants explicitly being requested to state 
their preferred level of each individual variable.151 As mentioned above, the 
translation of health states into QoL weights is already done for SF-36, EQ-
5D, HUI3 and QWB, and the utility scores are taken from their manu-
als.132,140 
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Measuring quality of life among children and adolescents 
Research on and instruments for measuring QoL among children and ado-
lescents are a growing area. It has been shown that children from about the 
age of six years can report the state of their health in questionnaires.152 It is 
important that the questionnaires be age specific in view of maturity and 
cognitive development considerations,153-155 and that the instrument be de-
signed, be formatted, and capture content appropriately for the target 
group.153 It is also recommended that responses be used directly from the 
children and adolescents and not from proxies.156 

While generic MAUIs for adults have been used for many years, there are 
still few validated generic instruments for children and adolescents.156 A re-
view by Chen and Ratcliffe157 presented nine generic MAUIs measuring util-
ity in the pediatric population. These instruments differed in terms of the 
recommended age range of application, the dimensions included, the 
method of health state valuation used, and the source from which the health 
state preferences were derived.157 Although EQ-5D originally was developed 
for adults, it was shown to be the most commonly used instrument for 
health economic evaluations among children and adolescents as well. Other 
well-used MAUIs in health economic research among children and adoles-
cents are HUI3, Health Utility Index Mark 2 (HUI2) and EQ-5D Youth 
Version (EQ-5D-Y).156 

Cost-effectiveness 
When the costs and consequences have been identified, measured, and val-
ued, the next step is to define whether a new intervention is cost-effective 
relative to a relevant threshold value. To evaluate cost-effectiveness, the dif-
ferences in cost are divided by the differences in effects between the new 
intervention and the alternative. This is usually reported in an incremental 
cost-effectiveness ratio.140  

From a societal perspective, the new intervention is cost-effective if there 
is a societal WTP for a given outcome that is higher than the ICER in the 
specific study. The cost-effectiveness can be illustrated using a cost-effec-
tiveness plane (Figure 2).158 The horizontal axis represents the difference in 
effect between the intervention of interest and the alternative and the verti-
cal axis represents the difference in cost. Quadrants II and IV are dominant 
for either the new (II) or old (IV) intervention, meaning higher/lower costs 
and lower/higher effects respectively, so the policy advice from this is clear. 
Estimates in quadrant I indicate higher costs but also higher effects, whereas 
quadrant III shows lower costs and lower effects, calling for WTP thresholds 
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or other determinants for decision-making.132 The threshold value for the 
societal WTP for a gained outcome (e.g., QALY) can be illustrated as a limit 
in the figure, and all interventions with a cost-effectiveness ratio to the right 
of this line are seen as cost-effective.132 In Sweden, the National Board of 
Health and Welfare has stated in its national medical guidelines134 that the 
cost of a gained QALY is high if it is above US Dollar (USD) 50,000/QALY 
and low if it is below USD 10,000/QALY. 

Figure 2. The cost-effectiveness plane:158 Quadrant I. More costly, more effective; 
quadrant II. Less costly, more effective; quadrant III. Less costly, less effective; and 
quadrant IV. More costly, less effective. 

Different types of health economic analyses 
Two kinds of analyses are commonly used in health economic evaluations: 
trial-based and model analyses. In a trial-based analysis, the analysis is con-
ducted alongside a clinical trial in which one can collect individual and re-
source-use data from a prospective clinical study,132 as was done in Paper II 
in this thesis. Criticisms of such studies concern the limited number of com-
parisons, short follow-up period, and failure to collect all the evidence 
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needed to address cost-effectiveness.159 A modeling study is often performed 
using synthesized data from several data sources, for instance, a systematic 
review or meta-analysis. In practice, combinations of these two kind of anal-
yses are often performed in which data from a clinical trial are extrapolated 
to bridge the gap between what has been observed in trials and what would 
be expected to happen, in terms of costs and effects, over a long-term time 
horizon.137 This was done in Paper IV in this thesis. 

Most of the decision models in health economics focus on average patient 
outcomes, so-called cohort models. The simplest form of cohort model is 
the decision tree, which represents individuals’ possible prognoses, follow-
ing a certain intervention, as a series of pathways. Some criticisms of the 
decision tree are that the time elapsed is not obvious and that a decision tree 
can quickly become unwieldy.159 Another cohort model is the Markov 
model, which is based on a series of states that a patient can occupy at a 
given point in time. This requires estimates of probability values for each of 
the possible state transitions during a cycle, called “transition probabili-
ties.” Transition probabilities are estimates that define the speed at which 
patients move between the states, if they do. The length of the cycle depends 
on the disease and intervention being evaluated.137 Markov models are fre-
quently used in health economics and, since they are structured around mu-
tually exclusive disease states, they can handle the complexity of multiple con-
sequences.159 In Paper IV, a decision tree is combined with a Markov model. 

Uncertainty and sensitivity analysis 
Health economic analyses, as well as clinical studies, usually involve several 
estimates that are more or less uncertain. This uncertainty is commonly 
acknowledged in sensitivity analyses. In CEA/CUA, uncertainty is usually 
handled with a deterministic sensitivity analysis (DSA) and/or a probabilis-
tic sensitivity analysis (PSA). In a DSA, parameter values are varied one at 
a time to test the sensitivity of conclusions to specific parameters (i.e., one-
way sensitivity analysis) or sets of parameters (i.e., multiway sensitivity 
analysis). The PSA is the recommended sensitivity analysis when all param-
eters are varied simultaneously. In a PSA, each model parameter is assigned 
a mean value (relative to a single point estimate in a DSA), a standard devi-
ation (SD) and a predefined distribution. These distributions are sampled 
multiple times (e.g., 10,000 times), often using Monte Carlo simulation. The 
outcomes of these analyses are commonly displayed in a scatter plot on the 
cost-effectiveness plane or in a cost-effectiveness acceptability curve 
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(CEAC)160 in which each simulated set of costs and effects, for each alterna-
tive, is transformed into the expected net monetary benefit (NMB) depend-
ing on the cost-effectiveness threshold.161 Another common way of handling 
uncertainty in health economic evaluations alongside a clinical trial, when 
individual data are available, is to apply bootstrapping.162 In this kind of 
analysis, a scatter plot of a large number of ICERs is created by repeatedly 
drawing a random sample with replacement, using parameters estimated 
from primary data,160 the results being presented in the same way as in a 
PSA: on the cost-effectiveness plane or in a CEAC. An advantage of boot-
strapping compared with PSA is that no assumptions about the distribution 
are needed, as the analysis is based on primary data.162 

Health economic evaluations of interventions for emotional  
problems and pain symptoms in children and adolescents 
As mentioned above, different types of interventions are available for emo-
tional problems and pain symptoms among children and adolescents. How-
ever, more evidence supporting different types of preventive and treatment 
interventions for emotional problems and pain symptoms are needed for 
these target groups.22,26,103 In addition, there is a need to investigate the cost-
effectiveness of existing interventions to inform decision-making as to 
whether they offer value for the money.163 Although the number of health 
economic evaluations of interventions targeting emotional problems in chil-
dren and adolescents has increased in recent years, the body of research on 
health economic evaluations of pain symptoms in children and adolescents 
is still small.  

In recent years, some systematic reviews of the health economic effects of 
interventions for mental health problems have been published.164-169 The 
studies included in these reviews are both preventive or targeted. An overall 
conclusion of these reviews is that interventions for mental health problems 
such as anxiety, depression, internalizing symptoms, and broader mental 
health problems are often cost-effective and offer good value for the money. 
It can also be concluded that health economic evaluations of such interven-
tions are being performed more frequently. However, the methodological 
differences among the reviewed studies limit the feasibility of the findings, 
meaning that there is a need for robust economic evaluations.  

One of the most frequently evaluated interventions for treating, or pre-
venting emotional problems was CBT in various forms, as delivered to chil-
dren in schools or focusing on parents. These evaluations have found ICERs 



32 ANNA PHILIPSON Health economic aspects of emotional problems and pain symptoms... 

with varying outcome measures, making them hard to compare.165 How-
ever, a study of CBT for teenagers at risk of or with subsyndromal depres-
sion reported an ICER of USD 9275/QALY,170 and a CBT intervention in 
primary care for adolescents 12–18 years old diagnosed with depression re-
ported a negative ICER of USD −20,282/ QALY.171 In addition, a cognitive–
behavioral depression prevention program (CBP) for adolescents with sub-
syndromal depressive symptoms reported an ICER of USD 12,787/QALY172 
and a study by Stallard et al.173 found an ICER of USD 317,398/QALY for 
a classroom-based CBT intervention focusing on adolescents aged 12–16 
years with a high risk of depression.173 Despite that several studies investi-
gated how physical activity interventions affect children and adolescents 
with different mental health problems,105-113 only one relevant health eco-
nomic evaluation has been found. This was a study of a physical intervention 
for adolescents with depression, reporting an ICER of Great Britain Pound 
(GBP) 152,822/QALY (about USD 200,000), considered cost-effective.174 

Few economic evaluations of interventions for FAPD were found. A re-
cent study of an online CBT intervention for children with FAPD indicated 
both cost savings (USD 1050) and QALY gains (0.0187),175 and another 
study of online CBT for adolescents with IBS indicated an ICER of USD 
54,916/QALY.176 There were also two studies that included health eco-
nomic parameters but did not conduct full health economic evaluations. A 
study of social learning and CBT interventions for parents of children with 
FAPD showed a decrease in health care visits after six months177 and a study 
of hypnotherapy for children (8–18 years old) with IBS, FAP or FAPS 
showed improved QoL.178 

Since there are few previous studies of interventions with dance as a treat-
ment for girls with emotional problems, there are even fewer economic eval-
uations of such interventions. In fact, only one study of a dance intervention 
using an economic approach was found. This examined the Bristol Girls 
Dance Project, a randomized controlled trial (RCT) intended to increase 
physical activity among 11–12-year-old girls. This study did not find any 
differences in QoL between controls and those who received the intervention, 
which cost GBP 73 (about USD 100) per girl.179 No health economic studies 
of yoga for children with abdominal pain have been found, but a systematic 
review of yoga as a treatment for IBS demonstrated effects on QoL.129 
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Challenges in health economic evaluations of interventions for emotional 
problems and pain symptoms in children and adolescents 
In research in general and in health economics in particular, the results of 
models or trials are only as good as the quality of their inputs. No study 
will ever be perfect, but all assumptions must be transparent so that policy 
makers and others can assess their relevance. Clinical trials including health 
economic evaluations as well as observational studies in mental health 
among children and adolescents have several pitfalls. In addition to general 
recommendations about cost-effectiveness analyses,142,143 there are published 
papers on how to perform health economic evaluations of mental and behav-
ioral interventions.140,180 As mentioned above, there is still a need for consensus 
on how to apply cost-effectiveness analysis to mental health interventions.168 

A major challenge in health economic analyses of mental health problems 
is that multiple sectors as well as family members are affected.181 It is there-
fore important to include costs from both the health care and societal per-
spectives, which is a lack in previous research.182 A narrow healthcare per-
spective would miss many of the relevant implications.74 In addition, it is 
hard to assess informal care in studies among children, since it is challenging 
to define the limit between parental care and care for a specific disorder.181 
Previous research has also noted that, in research on mental health inter-
ventions, QALYs might not fully capture the effects of interventions, given 
that the illness severity is insufficiently reflected by the general population 
that has assessed the utility.183 Moreover, some persons with mental health 
problems have difficulties assessing their own health. 

Another challenge is the time horizon, i.e., the length of time over which 
costs and outcomes are assessed.143 Many RCTs have short follow-up peri-
ods that make it hard to draw conclusions about the long-term conse-
quences. Knowledge of these consequences is needed in health economic 
analyses139 and might be especially important in studies of children and ad-
olescents, to observe the full beneficial benefit of an intervention. One in-
tervention may be cost-effective in the short term, while another is more 
cost-effective in the long term.74,181 

Finally, a more general issue related to trial-based economic evaluations 
is that most effectiveness and costs results do not reach statistical signifi-
cance, usually because the sample size is insufficient to detect statistically 
significant differences in costs or QALYs, because the power calculations 
are predominantly based on clinical outcomes.165 A criticism of the simulation 
models used in health economics is that many of them are based on multiple 
assumptions due to the absence of evidence, making them very uncertain.181  
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Rationale 
Mental health problems in general, and emotional problems and pain symp-
toms in childhood and adolescence in particular are world-wide issues. Alt-
hough the long-term outcomes of both emotional problems and pain symp-
toms are substantial for both individuals and society, the development of 
economic research on mental health problems is lagging.74 

The burden of emotional problems such as depression is extensive, being 
associated with several clinical outcomes as well as high societal costs. Ad-
olescence is an important time of life for accumulating human capital in the 
form of education and work experiences. Suffering from emotional problems 
in that time of life can affect this accumulation, resulting in economic conse-
quences later in life for both individuals and society. There is a need for well-
designed studies of the long-term outcomes of emotional problems, especially 
involving comparisons between depressed and non-depressed individuals.78  

Because of the high prevalence and substantial economic burden of emo-
tional problems and pain symptoms, prevention and treatment interven-
tions for children and adolescents, especially girls, are needed in order to 
mitigate poor child and adult outcomes of emotional problems and pain 
symptoms.26 In addition, there is a need to investigate the cost-effectiveness 
of existing interventions to inform decision-making as to whether they offer 
value for the money.181 

Pain symptoms such as abdominal pain are common in childhood and 
adolescence, with a risk of long-term consequences such as prolonged pain, 
emotional problems, and heavy economic burdens.22,26,103 However, the ev-
idence for many of the available treatments for abdominal pain diagnosed 
as functional abdominal pain disorders (FAPD) is weak, so studies of new 
types of interventions are needed.22,97,103,184,185 

Despite the scarce evidence for dance and/or yoga, such non-competitive 
psychosocial interventions that pool together parameters such as physical 
activity, body awareness, and relaxation hold promise for providing an en-
joyable and safe platform for strengthening individual health among chil-
dren and adolescents, especially since it is a popular activity among girls.114 

In recent years the demand for health economic evaluations has in-
creased, although they are still rare in some areas. Such evaluations play an 
important role in helping decision–makers’ prioritize among various interven-
tions and needs. Health economic evaluations can be made from different 
perspectives. In this thesis, both the economic burden of mental health prob-
lems and the efficacy and cost-effectiveness of interventions are studied. 
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Overall and specific aims 
The overall aim of this thesis was to estimate long-term outcomes associated 
with adolescent depression and to evaluate interventions for emotional 
problems and pain symptoms in childhood and adolescence, from a health 
economic perspective. 
 
The specific aims of each of the included papers were: 
 

I. to investigate the differences in the adult earnings of males and fe-
males with and without a history of depressive disorder in adoles-
cence, with specific focuses on (1) future earnings in clinical sub-
types of adolescent depression, (2) the growth and distribution of 
earnings over time within these subgroups and (3) the mediating 
role of subsequent depressive episodes occurring in early adult-
hood; 

II. to assess the cost-effectiveness of a dance intervention in addition 
to usual school health services for adolescent girls with internaliz-
ing problems, compared with usual school health services alone; 

III. to compare the effects of an eight-month dance/yoga intervention 
with standard health care on maximum abdominal pain among 9- 
to 13-year-old girls with FAPDs; and 

IV. to evaluate the cost-effectiveness of the Just in TIME dance and 
yoga intervention for girls 9–13 years old with FAPD, compared 
with standard care.  
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Methods and results 
This thesis consists of four papers reporting on three research projects: the 
Uppsala Longitudinal Adolescent Depression Study (ULADS), the Dance 
Project, and the Just in TIME study (JiT). Table 2 gives an overview of in-
cluded papers. 

Table 2. Overview of included papers. 

Paper Design Objective Study population Research project 
I Longitudinal 

cohort study 
Investigating 
long-term out-
comes using reg-
ister data 

539 formerly de-
pressed adoles-
cents and non-de-
pressed peers born 
in 1975–1976 

Uppsala Longitu-
dinal Adolescent 
Depression Study 

II Cost-utility 
analysis of a 
randomized 
controlled trial 

Assessing the 
cost-effectiveness 
of a randomized 
controlled trial 

112 girls 13–18 
years old with inter-
nalizing problems 

The Dance Pro-
ject 

III Randomized 
controlled trial 

Investigating the 
efficacy of a ran-
domized con-
trolled trial 

121 girls 9–13 
years old with func-
tional abdominal 
pain disorders 
(FAPD) 

Just in TIME IV Cost-utility 
analysis of a 
randomized 
controlled trial 

Assessing the 
cost-effectiveness 
of a randomized 
controlled trial 
using a model 
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Paper I: Earnings in adulthood of formerly depressed 
adolescents, the ULADS study 

Methods 

Study design 
This was a prospective longitudinal cohort study of earnings (i.e., the sum 
of gross income from employment and net income from active business) 
among formerly depressed adolescents. The Paper was based on ULADS, 
initiated in Uppsala, Sweden, in 1991.186 

Study population and data collection 
The study population was first-year students in upper secondary school (16–
17 years old) and school dropouts in the same age group during one aca-
demic year (1991–1992), most of them born in 1975 or 1976.187 Out of a 
total of 2465 eligible adolescents, 2300 (93%) participated in a screening 
for depression using the Beck Depression Inventory—Child (BDI-C)188 and 
the Center for Epidemiological Studies—Depression Scale for Children 
(CES-DC).189 Students with positive screening (i.e., BDI_C ≥ 16, or CES-DC 
≥ 30 + BDI_C ≥ 11, or with a self-reported suicide attempt) were invited to 
take part in a comprehensive face-to-face assessment including a blinded 
structured diagnostic interview using the Diagnostic Interview for Children 
and Adolescents in the Revised form according to DSM III revised (DSM-
III-R)190 for Adolescents (DICA-R-A).191 For each student with a positive 
screening result, a same-sex classmate with a negative screening result was 
invited to participate in an identical assessment. A total of 710 adolescents 
were invited to this assessment, of whom 631 (78% females) participated. 
Participants consented to future contact by providing their unique personal 
identity number. 

The ULADS cohort has subsequently been followed up with interviews 
in adulthood and with extensive information from Swedish national regis-
tries. For this Paper, all data were merged, including the diagnostic assess-
ments from previous study phases. Data from 539 participants were in-
cluded, excluding participants with a hypomanic episode (n = 37). 

Measures 
Adolescent depression and its subcategories were identified from the diag-
nostic assessment at baseline, i.e., the DICA-R-A.191 The following sub-
groups were defined according to the prevailing classification:9 
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1. persistent depressive disorder (PDD), i.e., depressed mood occur-
ring for most of the day, for more days than not, for at least one
year (n = 175);

2. episodic major depressive disorder (MDD), i.e., a current or life-
time major depressive episode lasting less than one year (n = 82);

3. subthreshold depression (SuD), i.e., a positive screening result but
no past or current depressive disorder (n = 64); and

4. no depression, i.e., a negative screening result and no past or cur-
rent depressive disorder (n = 218)

Depressive episodes in early adulthood were derived from the diagnostic 
interviews when the participants were aged 30 years. At that time, the Mini 
International Neuropsychiatric Interview 5.0.0 (MINI-PLUS)192 in combi-
nation with a life-chart were administered.  

Details on yearly earnings were obtained for the 1996–2016 period from 
the Longitudinal Integration Database for Health Insurance and Labour 
Market Studies (LISA), which includes information on all individuals regis-
tered as residents of Sweden at the end of each calendar year.193 The earn-
ings value was converted to the value as of January 2019 using the consumer 
price index (CPI).194  

Parental education and income in 1990 were included as proxy measures 
of socioeconomic status (SES) in adolescence; the data were derived from 
the LISA database of Statistics Sweden.193 Two major groups of child-
hood/adolescent psychiatric comorbidities were found based on the DICA-
R-A:191 disruptive behavioral disorder and anxiety disorder. These four pa-
rameters were handled as potential confounders in the analyses. 

Analyses 
For the descriptive statistics for the cohort and pairwise comparisons be-
tween groups, Fisher’s Exact test was used for dichotomous variables, the 
Mantel-Haenszel Chi Square test was used for ordered categorical variables, 
and the Mann-Whitney U-test was used for continuous variables (not nor-
mally distributed).  The association of adolescent depression with earnings 
in adulthood was further analyzed using generalized estimating equations 
(GEEs). Adjusted analysis was performed to account for potential con-
founders. The 25th, 50th, and 75th percentiles of earnings by study group 
and calendar year were also estimated. Finally, the indirect (mediated) effect 
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of depression in early adulthood (ages 19–30 years) on earnings was esti-
mated in a mediation analysis. 

Resettling abroad (n = 66) and mortality (n = 3) were the major sources 
of missing data. However, the drop-out rate did not differ substantially be-
tween depressed and non-depressed adolescents. Missing data were as-
sumed to be missing at random and were handled using multiple imputation 
(MI) by chained equations, by specifying appropriate conditional distribu-
tions for the variables to be imputed.

Results 
Of the 539 included individuals, 79% were females and the mean age at 
screening was 16.0 years. Compared with their non-depressed peers, there 
was a higher proportion of males and females with anxiety and disruptive 
behavior in the MDD and PDD groups, and even in the SuD group disrup-
tive disorder was more prevalent. The SES at screening was quite similar 
between the groups, except that parental income was lower among females 
with MDD and males with PDD. 

The main finding was that the earnings over the 1996–2016 period were 
lower in those who had a history of depression in adolescence than in their 
non-depressed peers (adjusted ratio of mean earnings of 0.89, 0.82–0.97). 
The difference was most obvious for the group with PDD versus the group 
with no depression in adolescence. Even after adjusting for the potential 
confounders childhood anxiety, childhood disruptive behavioral disorder, 
parental education, and parental income, the adjusted ratio of mean earn-
ings of 0.85 (0.77–0.95) for females with PDD in adolescence and 0.76 
(0.60–0.95) for males with PDD in adolescence, versus females/males with 
no depression in adolescence, was sustained (Table 3). No significant dif-
ferences were found for the other subgroups. Disruptive behavioral disorder 
had a negative effect on the earnings of females independent of depression, 
which remained after adjustment for parental SES.  

The distribution analysis indicated that in the PDD group, the differences 
in mean earnings were more obvious in the lower percentiles of the distri-
bution for both females and males. The mediation analyses showed that the 
association with earnings in adulthood was partially (48%) mediated by 
depression in adulthood. 
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Table 3. Adjusted ratio of mean earnings between analysis groups, 1996–2016. 

Variable 

Ratio of mean earnings (95% confidence interval, CI) 
p-value

Alla Femalesb Malesb 
Depression in 
adolescence 

Persistent 
depressive 
disorder vs. 
no depression 

0.83 (0.75–0.92) 
 <.001 

0.85 (0.77–0.95) 
.004 

0.76 (0.60–0.95) 
.02 

Major depres-
sive disorder vs. 
no depression 

1.02 (0.90–1.17) 
.73 

0.99 (0.86–1.15) 
.94 

1.19 (0.92–1.53) 
.18 

Subthreshold 
depression vs. 
no depression 

0.87 (0.77–0.98) 
.02 

0.89 (0.79–1.01) 
.06 

0.79 (0.61–1.03) 
.09 

Confounding 
factors 

Female sex 0.78 (0.71–0.86) 
<.001 

N/A N/A 

Disruptive 
behavior 
disorder 

0.84 (0.76–0.92) 
 <.001 

0.83 (0.75–0.92) 
<.001 

0.87 (0.71–1.06) 
.17 

Childhood 
anxiety 
disorders 

1.03 (0.95–1.13) 
.48 

1.06 (0.96–1.16) 
.24 

0.88 (0.72–1.07) 
.21 

Parental 
education, 
college or 
university vs. 
high school or 
lower 

1.03 (0.95–1.11) 
.52 

1.08 (0.99–1.18) 
.10 

0.90 (0.76–1.06) 
.21 

Parental 
income, 
By  USD 
10,000 
increase 

1.05 (1.01–1.10) 
.02 

1.05 (1.00–1.08) 
.04 

1.05 (0.94–1.17) 
.43 

Note: N/A = not available 
a Adjusted for sex, disruptive behavior disorder, childhood anxiety disorder, parental educa-
tion level, and parental income. 
b Adjusted for disruptive behavior disorder, childhood anxiety disorder, parental education 
level, and parental income. 



ANNA PHILIPSON Health economic aspects of emotional problems and pain symptoms…  
 

41 
  

Paper II: Cost-effectiveness of a dance intervention for  
adolescent girls with internalizing symptoms, the Dance Project 

Methods 

Study design 
The study was a cost–utility analysis (CUA) of a prospective randomized 
controlled trial (RCT) with an intervention group that, in addition to stand-
ard prevention and healthcare, participated in dance classes twice a week 
for eight months, and a control group that received only standard preven-
tion and healthcare. The CUA included the costs for the stakeholder of the 
intervention, health effect (gained quality-adjusted life years, QALYs), and 
cost savings in health care. The study started in 2008, with study intake in 
both 2008 and 2009, and ended in 2011. The intervention was performed 
from October to May in 2008–2009 and 2009–2010.  

Study population and data collection 
The study included girls 13–18 years old with internalizing problems who 
visited the school nurse frequently and/or who had recurrent psychosomatic 
symptoms. Other inclusion criteria were self-reported persistent feelings of 
tiredness, worry, low spirits, or low mood. To be included in the study, the 
girls had to respond “sometimes,” “often,” or “always” to items about 
emotional or somatic symptoms or “bad” or “very bad” to an item about 
self-rated health, in the questionnaire at baseline. Girls with severe hearing 
impairment, mental disability, and difficulties speaking or writing the Swe-
dish language were excluded from the study. In addition, girls who were 
advised against participation by the Children and Adolescent Psychiatry ser-
vice or a psychologist were also excluded. Recruitment was performed in 
collaboration with the school healthcare service which asked eligible girls 
whether they wished to participate in the research project. A total of 112 
participants were included in the analyses, excluding those who were ran-
domized to the control group in the first year and crossed over to the inter-
vention group in the second year. The participants were randomized by an 
external statistician in two groups using sealed envelopes (2:1). 

After the baseline assessment, the participants were followed up four 
times during the study period: at 4, 8, 12, and 20 months after baseline. 
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Intervention 
The intervention comprised 75–minute dance classes, twice weekly for eight 
months (48 times). Each group included about 20 girls and was guided by 
three dance–educated instructors (two instructors per intervention year), 
one at each dance class. The dance intervention had various themes and the 
focus during the sessions was on joy and not on performance. Each session 
included warm–up, dance practice, relaxation, and reflection. Standard 
school health services, which were offered both to the intervention and con-
trol groups, comprised conventional prevention and healthcare services pro-
vided by the school nurse according to the guidelines for School Health Ser-
vices in Örebro County, Sweden. 

Measures 
The health effect was measured with the Health Utility Index Mark 3 
(HUI3)195-197 using the attributes emotion, cognition, and pain. The 
timeframe captured was “current health” (i.e., no specified period). Single 
items were used for each attribute, and utilities for the attributes were de-
rived from the HUI3 manual.198 The overall utility score calculated for each 
assessment was used as the quality adjustment factor when calculating 
QALYs gained. Differences were assumed to develop linearly between fol-
low-ups. Gained QALYs were estimated from the difference in quality of 
life (QoL) between the intervention and control groups at all follow-ups.  

The estimated costs considered in the analysis were the cost of the inter-
vention and the cost of using selected healthcare resources, i.e., visits to 
school nurses. Estimated costs of the intervention (i.e., for the dance teacher, 
dance facility rental, and equipment) were derived from websites199,200 and 
contacts with project personnel. The self-reported numbers of visits to the 
school nurse were measured in the questionnaires. For the first year of in-
take, this was not measured at baseline. Instead, a retrospective question 
was asked at the four-month follow–up asking about visits to the school 
nurse the term before inclusion. The cost of each visit to the school nurse 
was calculated based on data from the head office of School Health Services 
and from wage statistics.201,202 

Analyses 
Data were analyzed according to the intention-to-treat principle and the 
time period measured was 20 months from baseline. Individual values were 
used. The incremental cost–effectiveness ratio (ICER) was based on the 
changes in QoL and net costs for the intervention group versus the control 
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group. Effects within each group were analyzed using paired-sample t-tests. 
Differences between groups were analyzed using independent-sample t-
tests. The significance level was set to p < .05. 

The net monetary benefit (NMB)203,204 was estimated when the health ef-
fect, (i.e., gained QALYs), was given a monetary value that decision makers 
are willing to pay for a gained QALY. Assuming different willingness to pay 
(WTP) thresholds for a QALY, the probability of the intervention being a 
cost-effective choice can be estimated.  

Missing data were handled by the last–observation–carried–forward 
(LOCF) approach.205-207 Health effects and savings beyond 12 months were 
discounted by 3%. 

Uncertainty and sensitivity analyses 
The uncertainty of the findings was presented in a cost–effectiveness accept-
ability curve (CEAC)160 derived from a bootstrap analysis. A scatter plot of 
5000 bootstrapped ICERs was created by repeatedly drawing a random 
sample with replacement, using parameters estimated from the randomized 
controlled intervention trial. Using several WTP thresholds for a QALY pro-
duced estimates of the probability of the intervention being cost-effective. 
Minitab 15.0 was used for this process. 

A deterministic sensitivity analysis (DSA) was performed. Cost-effective-
ness was also calculated without savings, with 50% higher costs and with a 
50% reduced effect on QALYs. 

Results 
From the final sample of 112 participants, 59 were randomized to the in-
tervention and 53 to the control group. The age distribution was similar in 
both groups (mean age 16 years). During the school term before inclusion, 
the control group had visited the school nurse 1.96 times more than had the 
intervention group, although this difference was not statistically significant 
(p = 0.466). The intervention group entered the study with QoL 0.06 lower 
than that of the controls (p = 0.081). The mean attendance of the dance 
classes was 27 times (SD 14.1), of 48 times in total; 32 girls attended at least 
50% of the dance classes. At the 20-month follow-up, 17% had been lost 
to follow–up. 

The mean cost of one girl participating in one dance session was USD 25. 
Taking the attendance of each girl into account, the mean cost of the dance 
intervention was USD 670 per participant. The cost of each visit to the 
school nurse was estimated at USD 58. Based on baseline values, the mean 
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number of visits to the school nurse decreased by 13.14 in the intervention 
group and by 8.19 in the control group by the time of the follow-up, indi-
cating a mean difference of 4.95 visits (p = 0.578). There was a higher in-
crease in QoL in the intervention group than in the control group at all 
follow-ups (Figure 3). After 20 months, 0.10 QALY was gained (p = .03). 

Figure 3. QoL, based on HUI3 for intervention and control groups. 

The cost-effectiveness of the dance intervention in addition to standard pre-
vention and healthcare compared with only standard prevention and 
healthcare was estimated at USD 3830 per gained QALY after 20 months 
(Table 4). The probability of cost-effectiveness when decision-makers are 
willing to pay USD 50,000 for a QALY was 95%. 
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Table 4. Results of cost–utility analysis for a 20-month period (CI). 

Variable After 20 months 
Gained QALY 0.10 (0.01–0.18) 
Intervention costs, USD 670 (570–770) 
Savings in health care(vs. control group), USD 287 (-735–1310) 
Net costs, USD 383 
Cost per gained QALY, USD 3830 
  
Sensitivity analyses  
Cost per gained QALY (healthcare savings excluded), USD 6700 
Cost per 50% of gained QALY, USD 7660 
Cost per gained QALY with 50% increased intervention 
cost, USD 

7180 

Papers III and IV: Efficacy and cost-effectiveness of a dance  
and yoga intervention for girls with functional abdominal pain  
disorders (FAPD), the JiT study 

Methods 

Study population and data collection 
The JiT study started in 2016, with study intake in 2016, 2017 and 2018. 
The intervention was performed October to May each year. The final sam-
ple in the JiT study included 121 girls, 9–13 years old, who were diagnosed, 
by a pediatrician, with functional abdominal pain (FAP) or irritable Bowel 
Syndrome (IBS) (according to Rome III criteria11) with persistent pain after 
examination. The participants were recruited from outpatient clinics at hos-
pital pediatric departments in Örebro, Karlskoga, Lindesberg, and (in the 
second and third years) Västerås, Sweden. Participants were also recruited 
from primary health care and a counseling unit for children and adolescents 
in Örebro, and from school health services and the general public (through 
study information in the media and on websites) in Örebro and Västerås. 
Beyond the clinical diagnosis, which was verified in the medical records or 
via examination at the pediatric center, a value higher than 4 on the Faces 
Pain Scale—Revised (FPS-R)208,209 was needed to be included in the study. 
This was measured in a pain diary assessed during a week at baseline. The 
exclusion criteria were: celiac or inflammatory bowel disease (IBD), diffi-
culties following oral instructions, simultaneous treatment with cognitive 
behavioral therapy (CBT), or severe depression. Participants were random-
ized, by an external statistician, to the intervention or control group. The 
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randomization was based on minimization210 according to pain intensity, 
measured by FPS-R208,209 and age at baseline. Data collection was performed 
at baseline, and four months, eight months, and one year after baseline. The 
data were collected using both pain diaries and questionnaires. 

Intervention 
“TIME” in the name of the Just in TIME (JiT) study stands for Try (new 
activities), Identify (strengthening health factors), Move (your body in phys-
ical activity), and Enjoy (the feeling of movement), concepts that permeate 
the studied intervention. The dance and yoga sessions were delivered for 60 
minutes twice a week for eight months at each site. The dance was designed 
as a moderate- to vigorous-intensity activity focusing on enjoyment and so-
cialization. The yoga consisted of playful movements and calm physical pos-
tures focused on breathing and attention that were performed individually, 
in pairs, and as group exercises. Each session included guided relaxation 
and reflection. All instructors had basic education in teaching dance and 
yoga and in healthcare or pedagogy. They also received a two-day course 
including practical information about the standardized dance and yoga 
method, including dance choreography, yoga sequences, and essential ele-
ments of the intervention, such as teaching supportively and non-judgmen-
tally. The instructors received a written manual and the course was followed 
up with three booster sessions, including additional choreography and rep-
etition in the essential elements of the intervention, to ensure fidelity to the 
method. Both groups had access to standard healthcare if needed.211 

Study design, measures, and analyses Paper III 
The JiT study was a prospective RCT, and Paper III focused on the efficacy 
of the intervention in addressing the primary outcome, i.e., maximum ab-
dominal pain, measured after the end of the intervention at eight months. 
The instrument used to measure the abdominal pain was the recom-
mended212-214 and validated FPS-R,208,209 which has strong psychometric 
properties for children.215 To increase reliability,216-218 it is recommended 
that daily pain diaries be used by children with pain, so FPS-R was used in 
a pain diary at each follow-up. The FPS-R is scored from 0 (no pain) to 10 
(very much pain)208 and the girls were instructed to register their abdominal 
pain three times a day for a week: in the morning, in the evening, and the 
worst pain in a day. A weekly average score of the highest reported value 
(i.e., worst pain) each day was estimated, which was considered to be a 
reliable measure.219 This was calculated by summing the highest reported 
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value each day and divide with the number of reported days, to get an av-
erage maximum pain score for each individual at each follow-up. This score 
was only supposed to be calculated if at least 4 days were reported with at 
least one value in the diaries, which was the case for all the diaries. 

A linear mixed model was used to analyze the outcome, including treat-
ment, time, and their interaction as fixed effects, with a random intercept 
and slope included as random effects on an individual level. Both an inten-
tion-to-treat (ITT) and a per-protocol (PP) analysis were performed. Effect 
sizes were calculated by dividing the model-based estimates of mean differ-
ences by the within-group standard deviation of raw scores, resulting in es-
timates of the variability of the outcome measure at baseline.220 An effect 
size of 0.20 is considered small, 0.50 medium, and 0.80 large.221  

Study design, measures, and analyses, Paper IV 
Paper IV focused on the health economic aspects of the JiT study by devel-
oping a decision analytic tool, a decision tree for the first 12 months (Figure 
4) followed by a Markov model for the subsequent 10 years (Figure 5). The
base case analysis was performed from a 10-year perspective, during ado-
lescence and young adulthood, and was performed as a CUA using individ-
ual data137 including the costs of the intervention, direct healthcare costs,
productivity loss and QALYs.

QoLs were estimated with KIDSCREEN-10,222 which was converted to 
the Child Health Utility Index (CHU-9D) using a mapping algorithm223 to 
obtain a utility weight. The utility weight associated with the specific time 
spent in a given health state (baseline to four months, four to eight months 
and eight to twelve months) were multiplied with the time factor, using the 
trapezium rule, to derive QALYs. Intervention costs were estimated using 
information from the project group, including parameters such as instructor 
training costs, instructor remuneration, facility rental and materials. 
Healthcare utilization (i.e., visits to school healthcare as well as other out-
patient healthcare) was estimated in the questionnaires, and the resulting 
values were multiplied by values from national Swedish tariffs derived from 
administrative sources. School absence for the participants and work ab-
sence for the legal guardians, due to childcare, were used to estimate 
productivity losses. These absences were measured in the questionnaires and 
valued according to the mean wage (including social fees) in Sweden. 
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Figure 4. Decision tree JiT. 



ANNA PHILIPSON Health economic aspects of emotional problems and pain symptoms…  49 

Figure 5. Markov model JiT. 

The decision tree (Figure 4) included several pathways that the participants 
could follow from baseline to the 12-month follow-up. Abdominal pain sta-
tus was divided into four states according to FPS-R cut-offs:224 ≤2 = no pain, 
>2–4 = mild pain, >4–6 = moderate pain, and >6 = severe pain. The highest
reported abdominal pain during one week was used, measured using FPS-
R208,209 in a pain diary. The participants were distributed between the states
at the start of the model and probabilities of moving along different path-
ways in the decision tree were derived from JiT. In addition to these move-
ment probabilities, costs and QALYs were assigned to each pathway. The
results were presented as an ICER.

The Markov model included the same states as the decision tree and 
started when the tree ended after one year. Since the proportions of partic-
ipants in all health states at the end of the decision tree were different, the 
distribution of participants between health states at the start of the Markov 
model differed between study arms. The arrows in the model (Figure 5) 
show how participants were able to move through the model over the 10 
one-year cycles. Each state in the Markov model was assigned a score for 
QALYs and costs (including healthcare costs and productivity losses). All 
parameter estimates were derived from the JiT study. The base case analysis 
included a successively decreased intervention effect over five years. 

Sensitivity analyses were performed as both a DSA and a probabilistic 
sensitivity analysis (PSA). In the DSA, several parameters were varied, one 
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at a time, to account for methodological uncertainty. First, the intervention 
cost was varied, both the cost of the training (if trained instructors already 
existed) and the regular cost of the intervention (depending on the number 
of participants in the activity). Next, the cost of productivity losses was var-
ied to account for different costings of school absence and for performing 
the analysis from a healthcare perspective. Third, the costs of the school 
healthcare workers were increased to reach the same unit cost as for outpa-
tient healthcare workers. Fourth, analyses with imputed QALY data were 
performed. Finally, different scenarios for the remaining intervention effects 
were applied. 

In the PSA, a Monte Carlo simulation with 10,000 iterations was per-
formed, based on an assumed probability distribution for all parameters, to 
estimate expected costs and outcomes and statistical measures showing the 
statistical uncertainty. These outcomes were presented on a cost-effective-
ness plane and in a cost-effectiveness acceptability curve (CEAC). 

Results 
Of the final sample of 121 participants (mean age 10.5 years), 64 were ran-
domized to the intervention group and 59 to the control group. Thirty-nine 
girls attended at least 50% of the dance classes and 18 girls dropped out of 
the intervention. At the eight-month follow-up, 17% were lost to follow-up 
and at the 12–month follow-up, 22% were lost to follow-up. The mean 
average maximum pain score at baseline was 3.85 (3.64–4.06) in the inter-
vention group and 3.83 (3.62–4.05) in the control group, measured with 
FPS-R. The mean maximum pain score was 6.59 (6.09–7.10) in the inter-
vention group and 6.60 (6.03–7.17) in the control group at baseline. The 
mean QoL was 0.850 (0.824–0.875) in the intervention group and 0.864 
(0.839–0.890) in the control group at baseline. 

In Paper III, the intention-to-treat analysis showed that girls in both the 
intervention and control groups decreased their pain during the eight 
months of intervention, although the overlapping CIs for the control group 
indicate that the decrease was not statistically significant for that group (Fig-
ure 6). The reduction was significantly greater in the intervention group at 
both the four- and eight-month follow–ups, with medium to large effect 
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sizes at the eight-month follow-up (Table 5). These findings were mirrored 
in the per-protocol analysis. 

Figure 6. Estimated mean maximum abdominal pain scores over time (adjusted), in 
the intervention and control groups, according to ITT. Data are means from the 
linear mixed-effect models. Error bars show confidence intervals. 
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Table 5. Adjusted mean average maximum abdominal pain scores (CI), estimated 
from the linear mixed-effect model at each follow-up, and within-groups effect-sizes 
at each time point, by group according to ITT. 

Adjusted mean average maxi-
mum abdominal pain scores 
(CI) 

Differences between 
group means 

Between 
group effect 
size 

Mean, average 
max pain 

Intervention Control b (CI)a p-value Cohen’s d 

Baseline 3.85 
(3.64–4.06) 

3.83 
(3.62–4.05) 

Four-months 2.70 
(2.35–3.05) 

3.54 
(3.16–3.92) 

-0.86
(-1.42 to -0.30)

0.003 -0.45

Eight-months 1.84 
(1.27–2.41) 

3.11 
(2.51–3.71) 

-1.29
(-2.12 to -0.45)

0.002 -0.67

Within-group 
effect size, 
baseline to 
four-months 

-0.61 -0.15

Within-group 
effect size, 
baseline to 
four-months 

-1.06 -0.38

a The beta coefficient (b) is the estimated mean difference based on the linear mixed model. 
b Cohen’s d, computed as the mean difference relative to the pooled SD of baseline scores, is 
negative when favoring intervention. 

In paper IV, an incremental saving and a small QALY gain were shown in 
the base case analysis from a 12-month societal perspective for the JiT in-
tervention versus standard care. As Table 6 shows, this resulted in a negative 
ICER and a 56% probability of being cost-effective according to a WTP 
threshold of USD 50,000. From a long-term perspective, the Markov model 
analysis also showed a negative ICER (USD -28,629) with both an incre-
mental saving and a QALY gain. The uncertainty of this estimate is pre-
sented in Figure 7, showing the spread of points on the cost-effectiveness 
plane from the Monte Carlo simulation with 10,000 iterations. When ex-
cluding production losses, the analysis from a 12-month healthcare perspec-
tive indicated a positive ICER with a higher cost for the intervention group 
than the control group, giving an ICER of USD 157,328 per gained QALY. 
However, from a long-term perspective, the ICER was still negative at USD 
-10,922.
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Table 6. Cost-effectiveness, USD. 

Incremental 
cost 
(interven-
tion–control) 

Incremental 
QALY 
(interven-
tion–control) 

ICER Probability dance and 
yoga cost-effective 
(vs. standard care) 
WTP = 50,000/QALY 

12 months, base case -154 0.0047 –33,109 0.56 
12 months, healthcare 
perspective 

732 0.0047 157,328 0.42 

12 months, imputed 
values for QALY 

-154 0.0269 –5731 0.73 

Markov, base case: 
successively decreasing 
intervention effect 

-3175 0.11 –28,629 0.78 

Markov: full remaining 
intervention effect 

-5076 0.17 –30,191 0.79 

Markov: no remaining 
intervention effect 

-3082 0.11 –27,099 0.78 

Markov: no remaining 
intervention effect, 
back to starting state 

-2560 0.08 –30,461 0.79 

Healthcare perspective -1211 0.11 –10,922 0.75 

Imputed values for 
QALY 

-3175 0.02 –149,111 0.64

These findings were not very sensitive to other assumptions in the determin-
istic sensitivity analyses (DSA). The cut-off for the intervention cost was 
found to be USD 700/participant, indicating that at least 13 participants 
were needed in each group; beyond this level, the incremental cost became 
positive, i.e., higher costs for the intervention group than the control group. 
Running the analyses with imputed values for QALYs still resulted in neg-
ative ICERs, nor did changes in the remaining intervention effect indicate a 
different state compared with the base case analyses. 
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Figure 7. Cost-effectiveness plane. Each point is an ICER from the Monte Carlo 
simulation. 
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Ethical considerations 
The three research projects included in this thesis were approved by the Re-
gional Ethical Review Board in Uppsala (study I: diary number (DNR) 
2015/449, study II: DNR 2008/134, study III & IV: DNR 2016/082). 

All participants took part voluntarily and were informed that if they 
chose to withdraw from participation in the study, they would not have to 
explain why. In studies II–IV, females with high scores on the Center for 
Epidemiological Studies – Depression Scale for Children (CES-DC)189 or 
Children’s Depression Screener (ChilD-S)225 were offered contact with a 
psychologist or psychiatrist to evaluate their eligibility for inclusion and 
need for further support. 

Written consent was collected for all participants. In studies III and IV, 
written consent was collected from the legal guardians, as it was in Study II 
when the participants were under 15 years old. In Study I, the personal ID 
number was collected only from those who consented to follow-ups. The 
risk of privacy violation was assessed to be low. The databases created for 
each study did not contain any personal ID numbers or other information 
that could identify individuals. In the Uppsala Longitudinal Adolescent De-
pression Study (ULADS), reported in Paper I, Statistics Sweden received 
baseline data from the research group and a separate key file for personal 
ID numbers. Statistics Sweden then created its own key file with code num-
bers and personal ID numbers. The code key was stored by Statistics Sweden 
and was not transferred to the research group. Data from the registers were 
connected to data from questionnaires and interviews in a decharacterized 
way. In the Dance Project and JiT, the code key was kept separate from the 
collected data, securely stored at the University Health Care Research Cen-
ter, Region Örebro County. No unauthorized persons had access to the col-
lected data, either during the study or after its conclusion. 

Possible harm needs to be considered and should not outweigh the po-
tential benefits of a study. In the intervention studies (Papers II-IV), any 
harm arising from participation in the studies had to be reported and ad-
dressed by the instructors and research team in accordance with standard 
healthcare routines. 

From an ethical as well as a methodological perspective, the design of the 
questionnaire had to be considered,153 in light of the children’s age, ma-
turity, and cognitive development.153-155 It has been argued that self-report 
questionnaires are time consuming for the participants226 and might result 
in a higher risk of missing and unreliable data among children.227 Both the 
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Dance Project and JiT study used self-report questionnaires including sev-
eral instruments as well as items created by the research group. The length 
of the questionnaires was frequently discussed in the research group, espe-
cially when the target group was young children. Some proposed instru-
ments were omitted to reduce the burden on participants, while some were 
judged to merit inclusion in order to obtain an overview of the outcomes. 
Moreover, ahead of the studies, the questionnaires for the Dance project 
were tested in a pilot project and the questionnaires for the JiT study were 
tested by three girls of the same age as the target group to assess their feasi-
bility. After this the questionnaires underwent some revisions. In the JiT 
study, we also considered which items should be directed toward the chil-
dren, their legal guardians, or both. 

In the Dance Project and the JiT study (Papers II–IV) there was a risk of 
disappointment among children and adolescents who were randomized as 
controls. To encourage the control group members to keep completing all 
the measurements, they were given a cinema ticket at each follow-up and, 
in addition, were offered dance or dance/yoga for free when the studies 
ended. 

The studies were conducted in a way that was consistent with the philos-
ophy of the international Ethical Research Involving Children (ERIC)228 
guidelines and the Declaration of Helsinki.229 
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Discussion 
This section of the thesis starts with a short summary of the main findings, 
followed by a discussion of the findings in relation to previous research. A 
presentation of the policy implications comes next. A discussion of method-
ological considerations follows that, and the thesis ends with a presentation 
of conclusions and some suggestions for further research. 

Main findings 
The overall aim of this thesis was to estimate long-term outcomes associated 
with adolescent depression and to evaluate interventions addressing emo-
tional problems and pain symptoms in childhood and adolescence, from a 
health economic perspective. To achieve this aim, three research projects 
were included in the thesis, the Uppsala Longitudinal Adolescent Depres-
sion Study (ULADS), the Dance Project, and the Just in TIME (JiT) study.  

The analyses of the long-term outcomes of adolescent depression were 
based on the longitudinal cohort from Uppsala, ULADS. Combining data 
on this cohort with register data, Paper I showed that persistent depressive 
disorder (PDD) in adolescence was associated with lower earnings in adult-
hood than those of their non-depressed peers. The differences remained sta-
ble over time, and were more pronounced in the lower percentiles of the 
earnings distribution. Recurrent depression in early adulthood partly medi-
ated the association. No or inconclusive reductions in earnings were ob-
served for other depression groups. 

The Dance Project, with a treatment intervention consisting of dance ses-
sions twice weekly for adolescent girls with internalizing symptoms, was 
cost-effective from a societal perspective, using a willingness to pay (WTP) 
threshold of USD 50,000. This was also the finding of the JiT study, with a 
treatment intervention of combined dance and yoga administered twice 
weekly for girls with functional abdominal pain disorders (FAPD). In addi-
tion, the JiT intervention resulted in significantly greater abdominal pain 
reduction than that of standard healthcare for girls 9–13 years old with 
FAPD. There was also a medium to high between-group effect size at the 
end of the intervention. 
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Findings in relation to previous research 

Long-term economic outcomes of depression 
A growing body of research has investigated the long-term outcomes of de-
pression in childhood and adolescence. Recently, a review concluded that 
adolescent depression is associated with multiple adult psychosocial out-
comes such as failure to complete secondary school, unemployment, and 
lower odds of being employed or involved in post-gymnasium education,46 
while another found adolescent depression to be a huge risk factor for sub-
sequent depression later in life.45 

Few studies have investigated adolescent depression and earnings in 
adulthood and those that do have used different methodologies and pro-
duced mixed findings. One study indicated that earnings in adulthood were 
affected by behavior in childhood,230 and a recent register study from Den-
mark reported that depression beginning before the age of 25 was associated 
with persistent poor socioeconomic outcomes in the form of earnings 
throughout the work–life course.231 Studies of self-reported depressive or 
internalizing symptoms in adolescence have shown a reduction in earnings 
in adulthood of 3–12%,48,83,86 and a recent review and meta-analysis re-
ported lower incomes or non-significant associations with incomes in adult-
hood following adolescent depression.46 

The varying methodologies used in previous studies, such as self-reported 
versus register data for earnings and self-reported symptoms of mental 
health problems versus clinical diagnoses, make it challenging to compare 
their findings with those reported in Paper I. Also, the follow-up times used 
differ between the studies. When interpreting these findings, it should be 
noted that the ULADS study captures the heterogeneity of the disorder ac-
cording to the clinical assessment at baseline, which is a strength of the 
study. In Paper I it was shown that PDD in adolescence was associated with 
decreased earnings in adulthood, while shorter-duration depressive symp-
toms with no recurrences were not. In other studies, depression in adoles-
cence was less specifically assessed which might explain the finding that the 
influences on earnings seems to be higher in ULADS compared to other 
studies. Another strength of the ULADS study is that the in-person clinical 
assessments at screening were combined with register data with good cov-
erage,193 and few studies worldwide use such high-quality data.186 In addi-
tion, the few previous studies of earnings have mainly performed the follow-
up in young adulthood and not in mid-adulthood. 
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Previous studies have indicated that several potential confounders might 
affect the results.46 In Paper I it was found that the results were robust to 
adjustment for psychiatric comorbidity (i.e., childhood anxiety and disrup-
tive behavioral disorders) and parental socioeconomic status (SES), in con-
trast to the findings of McLeod et al.40 where the association of adolescent 
depression and income was explained by confounders. 

Efficacy and cost-effectiveness of interventions for emotional problems 
and pain symptoms in childhood and adolescence 
The burden of emotional problems and pain symptoms is heavy as is the 
economic burden on society.26 Previous research has shown that the clinical 
as well as economic evidence in support of treatment interventions needs to 
be extended,22,97,103,181,184,185 although the economic evidence of treatments 
for children and adolescents with emotional problems has increased during 
recent years.164,165,168 Few studies examine interventions using dance as a 
treatment for girls with emotional problems and interventions combining 
dance and yoga have not been found. Accordingly, the studies included in 
this thesis are intended to fill a gap in the knowledge. 

Compared with the results of cost-effectiveness studies of other interven-
tions for emotional problems among children and adolescents,170,172-174 the 
incremental cost-effectiveness ratio (ICER) found in the Dance Project (USD 
3,830/Quality-Adjusted-Life-Years [QALY]) was low, which means that the 
difference in cost between the dance intervention and control group were 
small relative to the QALY gain. However, the huge heterogeneity in meth-
odology between different studies, for example, in perspective, outcome 
measures, quality of life (QoL) instruments used, and valuation of costs, 
limits the comparability of the findings, which was also noted in previous 
reviews.165,168,232 Compared with the only other economic evaluation of a 
dance intervention among adolescents that has been found, the Bristol Girls 
Dance Project,179 which had an intervention cost of about USD 100 per girl, 
the intervention cost was much higher in the Dance Project at USD 670 per 
participant.  This difference may be due to the larger intervention groups in 
the Bristol Girls Dance Project233 than in the Dance Project and because 
premises cost was not included in the study from Bristol.179 

According to reviews, the most frequently evaluated intervention for 
emotional problems was cognitive behavioral therapy (CBT) in different 
forms, either school based and delivered to the children or focused on par-
ents.164,165 When comparing the health economic findings of the JiT study 
(Paper IV), aiming to reduce abdominal pain, with other health economic 
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findings, the only studies that were found targeting children with FAPD 
evaluated CBT interventions. However, while the ICER presented in Paper 
II was mainly lower than in other interventions (predominantly with CBT), 
the ICER shown in Paper IV was much higher than that of the CBT inter-
ventions on FAPD.175,176 Probably, how the intervention is provided to the 
target group might be an important factor when comparing the dance and 
dance/yoga interventions with other interventions. For example, the CBT 
interventions for FAPD were delivered online while the CBT interventions 
for emotional problems were mainly delivered in the classroom or face to 
face, which resulted in different intervention costs. 

As the efficacy analyses from the JiT study (Paper III) showed and as the 
previous findings of the Dance Project have indicated,119,120,234 the interven-
tions seems to be beneficial for the target group. In Paper III it was shown 
that abdominal pain decreased more among girls in the intervention group 
than in the control group, which is in line with previous research on yoga 
among children with FAPD.127,126,129 However, the compared interventions 
were shorter (10 weeks) than the dance and yoga intervention and there was 
also great methodological heterogeneity in the studies. 

In many ways, the interventions in the Dance Project and the JiT study 
were unique, focusing on moderate to vigorous physical activity, relaxation, 
enjoyment, socialization, and playful creativity in an undemanding environ-
ment.119,211 Another strength was that the health economic evaluations used 
long follow-up times (i.e., 20 and 12 months), as sufficiently long follow-
up times can be a challenge in economic evaluations of mental health inter-
ventions.74,181 

Policy implications 
The findings presented here indicate that persistent depression in adoles-
cence can lead to far-reaching productivity consequences in adulthood. The 
findings also show that group-based physical activities involving dance or 
dance and yoga combined can be effective as well as cost-effective for treat-
ing emotional problems and pain symptoms in childhood and adolescence. 
It is well known that mental health in general, and emotional problems and 
pain symptoms among children and adolescents in particular, are global 
public health challenges. The findings presented here contribute to the field 
by taking account of the economic consequences for society, it is hoped that 
this evidence will better inform decision-makers when it comes to making 
future decisions. 
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Paper I improves our knowledge of depression during adolescence and 
the transition into adulthood and of the outcomes of this disorder in adult-
hood. The findings of Paper I, and of recently published reviews on the long-
term outcomes of depression in adolescence,45,46 clearly emphasize the need 
for prevention and early treatment. This is both a clinical and a public 
health challenge, since mental health involves several societal sectors.181 
Collaboration between sectors is required but is challenging, since mental 
health is not the first issue on all sectors’ agendas. In addition, in many cases 
the costs of treatment are incurred in one sector while another sector accrues 
the gains.235 

Adolescence is an important developmental period when depression 
might affect the accumulation of human capital.82 Recent research has 
found that entry into tertiary education might be protective against adverse 
labor market effects for some groups affected by depression in adoles-
cence.49 This indicates the advantage of investing resources in finding ways 
to keep depressed adolescents in education, in order to retain human capital 
into adulthood. 

In Paper I, recurring depressive episodes in young adulthood were found 
to mediate the outcomes. This also indicates a need for prevention and early 
treatment, since continued depression in adulthood might also lead to sick-
ness absence and difficulties keeping a job.46,49,236 Efforts are apparently re-
quired to break the negative development of adolescent depression into de-
pression during the transition to adulthood, in order to avert long-term neg-
ative outcomes and strengthen human capital. These efforts are also moti-
vated by the widening gap seen in the lower percentiles of the earnings dis-
tribution in Paper I, indicating that some individuals with PDD in adoles-
cence are struggling on the labor market. 

The lack of evidence-based interventions for mental health, especially 
with health economic evaluations included, has been noted in previous re-
search.181,182,237 However, in recent years the evidence for the usefulness of 
health economic evaluations of interventions, particularly for emotional 
problems, has been strengthened.164,165,168,232 For pain symptoms in children, 
the most common intervention is pharmacological, although the evidence is 
stronger for psychological therapies.22,103 For physical interventions, the ev-
idence is still scarce and needs to be improved.104 In addition, more inter-
ventions for FAPD in children are needed22,36,99,103,238 and health economic 
evidence regarding interventions for FAPD is scarce. 

The two early treatments for emotional problems and pain symptoms 
(i.e., the Dance Project and JiT interventions) studied here have been shown 
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to be cost-effective in relation to a WTP threshold of USD 50,000134 and the 
intervention with dance and yoga combined for girls with FAPD decreased 
abdominal pain. The use of WTP thresholds in relation to the principle of 
cost-effectiveness in the “ethical platform,”133 has been debated in recent 
years. While some have argued for a limited role of the principle of cost-
effectiveness, implying that cost-effectiveness should not be judged from 
general threshold values,239 others have argued for a more extended role for 
the principle, allowing general thresholds.240 In addition, an alternative to 
threshold values was recently presented, entailing the use of the number of 
QALYs foregone per QALY gained.241 In this thesis, general WTP thresh-
olds have been used, with reference to the national medical guidelines134 
stating that the cost of a gained QALY is considered high when above USD 
50,000/QALY and low when below USD 10,000/QALY. 

When comparing the ICERs found here with those found in other studies 
within the area the Dance Project intervention seems to be more cost-effec-
tive than the JiT intervention—making allowances for methodological het-
erogeneity between the studies. It is important to mention that cost-effec-
tiveness is not the same as cost-saving: given the high prevalence of mental 
health problems among children and adolescents, even very cost-effective 
interventions may be expensive to implement. It is therefore important to 
identify groups to whom services can be optimally targeted,182 such as girls 
in the intervention studies included here. 

As mentioned before, both research on and the implementation of mental 
health interventions can be challenging, since many sectors in society are 
involved and the costs and benefits arise in different sectors.181,235 From a 
health economic research perspective, the use of cost—benefit analysis 
(CBA) might be considered, as it takes account of consequences other than 
just health and allows for comparison between different sectors. However, 
the present interventions were performed in the health sector, where health 
maximization and allocation of an existing budget are fundamental, moti-
vating the use of cost—utility analysis (CUA). Another possible challenge 
for the implementation of the interventions is their length of eight months. 
Since families that seek healthcare require more rapid treatment effects,101 
long interventions might not be preferred. Another limitation concerns ac-
cess to instructors and facilities in which to run the intervention, which 
might be challenging, especially in smaller communities. A potential solu-
tion is online delivery, which might be accepted by children and adolescents, 
especially given experience of the Covid-19 pandemic. Despite the identified 
challenges, the Dance Project was implemented in several municipalities in 
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Sweden after the research period, which indicates demand for such inter-
ventions and the possibility of implementing the intervention in ordinary 
settings. 

In summary, the findings of this thesis imply that early treatments are 
needed to mitigate the negative effects of from adolescent depression, and 
that dance or dance and yoga combined can be effective and cost-effective 
early treatment interventions for emotional problems and pain symptoms 
among children and adolescents. 

Methodological considerations and limitations of the findings 
The studies included in this thesis all have methodological weaknesses. 
These may derive from the research design, implementation, and analyses, 
and from the reporting of the trial, leading to incorrect conclusions.242 This 
thesis includes both an observational study (ULADS) and two experimental 
studies (the Dance Project and JiT). The different designs of the studies may 
have affected the methodological limitations in various ways. In this section, 
some methodological issues are discussed that may affect the validity and 
reliability of the findings. 

Paper I 
The ULADS is unique using high-quality data from clinical assessment at 
screening and subsequently high-coverage register data.193 However, some 
methodological issues need to be discussed. The screening was performed 
using standardized and well-validated self-report questionnaires, i.e., Beck 
Depression Inventory—Child (BDI-C)188 and the Center for Epidemiological 
Studies—Depression Scale for Children (CES-DC).189 Despite the intensive 
efforts to reach all potential participants, there were still some who declined 
to participate, giving a response rate of 93% out of a total of 2465 eligible 
adolescents.186,187 There was a strong dominance of females, which corre-
sponds to the general prevalence of depression.17 However, the small pro-
portion of males in the study limits the possibility of drawing conclusions 
regarding the earnings of males in the population. 

The use of registries in research is a goldmine, but there are some chal-
lenges regarding the data acquisition from the register holders.243 Register 
data decrease the risk of bias, especially for a parameter such as earnings 
that may be less valid when self-reported. The Longitudinal Integration Da-
tabase for Health Insurance and Labour Market Studies (LISA), from which 
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the data on earnings were collected, is based on various administrative sys-
tems and national registries. As the database is updated yearly and reported 
to have good coverage,193 it can be considered a reliable source. 

In the mediation analyses, data from the interviews conducted during 
young adulthood were used. A considerable proportion of participants did 
not participate in these interviews which is a limitation in the study. How-
ever, the differences in the attrition rates between depressed adolescents and 
their non-depressed peers were generally small, except for those with sub-
threshold depression (SuD) in adolescence, who dropped out to a higher 
degree than did other subgroups.186 

In the register data, there were several missing values for persons who 
had resettled abroad (n = 66) or who had died (n = 3). These values were 
imputed using multiple imputation (MI), which is the preferred method for 
handling missing values in clinical epidemiological research.244 In addition, 
a sensitivity analysis based on complete cases was performed, and it did not 
show any differences in the results. To evaluate the generalizability of the 
finding, earnings of the cohort were compared with those of a reference 
population including the whole population born in 1975 and 1976, show-
ing that the earnings were only marginally higher in the cohort. 

Papers II–IV 
In the health economic evaluations in papers II and IV, it became clear that 
the lack of methodological coherence complicated comparisons between 
different studies and the possibilities of drawing conclusions from the find-
ings. Regarding the efficacy in Paper III, the methodological concerns were 
mainly due to the sample size. 

Power calculations are performed ahead of a trial to estimate how many 
participants are needed to answer the research question. Although the JiT 
study was expanded both in time (to three years of intake) and by adding 
an additional site, the study remained slightly unpowered with 121 partici-
pants, leading to a risk of type II errors.245 In addition, at least 200 partici-
pants/arm have been recommended for randomized controlled trials (RCTs) 
in high-income countries,104 in order not to inflate the estimate of an effect 
and to increase the confidence in the beneficial effects of interventions. This 
is much higher than the power calculations both in the Dance Project, which 
included 112 participants, in line with the power calculation, and JiT. 

Studies with an RCT design are considered the highest level of evidence 
for causality in clinical trial research,246 and have also been recommended 
by the Rome Foundation subcommittee for Pharmacological Clinical Trials 
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in Children with IBS.104 In addition, the availability of high quality data (e.g. 
from RCTs) is essential for health economic analyses.137 In theory, random-
ization implies that the only variable that differs between groups at follow 
up is the variable of interest. If the randomization is performed adequately, 
it guarantees that treatment groups are well balanced for both known and 
unknown factors (or confounders), so the analyses return unbiased esti-
mates of the treatment effect. 

In both the RCTs included in the thesis, the randomization was per-
formed by an external statistician to avoid interference from the researchers. 
The Dance project used simple randomization with sealed envelopes. Simple 
randomization is a method that is easy to implement in clinical trials and 
can be trusted in large trials (n > 200), but can be problematic in smaller 
samples,247 such as in the Dance Project. Not considering any background 
variables at the randomization might have led to the differences in QoL as 
well as health care usage between intervention groups found at baseline, 
which is a weakness of the study leading to a risk for selection bias.242 How-
ever, even if the randomization had been based on characteristics at base-
line, clinical variables are more frequently used as such characteristics than 
are health economic variables. 

In the JiT study, restricted randomization was applied to obtain similar 
sizes, similar mean ages, and distributions of symptom severity between the 
intervention and control groups. In JiT, minimization210 was used as a re-
stricted randomization method, which is recommended.248 Overall, ran-
domized studies with concealed allocation are reported to have a low risk 
of selection bias.104 

Blinding is used to prevent performance and detection bias.242 In such 
active interventions, blinding is not applicable to the participants. However, 
a blinded external research administrator entered the collected data before 
analyses, while the analyses were performed by two of the researchers in the 
project, one of whom (in each project) was also one of the instructors. It 
cannot be ruled out that this may have affected the outcomes. The question-
naires used at the follow-ups were not blinded, since they were marked with 
“control” or “intervention,” with items about experiences of the interven-
tion added to the questionnaires for the intervention group, introducing a 
risk of detection bias. In addition, a Hawthorne effect might have affected 
the outcomes, meaning that participation in the research study itself might 
have had an impact on the behavior.249 This was also the reason for the 
exclusion of the 50 participants who participated as the control group in 
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the Dance Project during the first year and crossed over to the intervention 
group in the second year. 

Missing values affected both RCT studies presented in this thesis. The 
last-observation-carried-forward (LOCF) method for the imputation of 
missing values was used in Paper II. Nowadays, the use of LOCF is strongly 
discourage, since it is assumed to be based on unrealistic assumptions.250,251 
In the Dance Project, the majority of the participants in both groups in-
creased their QoL during the study period, so it was assumed that the results 
were more likely to be underestimated than overestimated. 

Today, use of MI is recommended in health economic studies,252-254 and 
it was also used for the sensitivity analysis in Paper IV. As suggested, the 
health utilities were imputed on the item level252 to limit the risk of bias. In 
the base case in Paper IV, complete cases were used. Although this approach 
might lead to decreased power, in some studies it has been proven to per-
form as well as MI in estimating the treatment effect.255 

Self-report questionnaires and diaries were used to assess all outcome 
measures in Papers II–IV. Self-report questionnaires are relatively cheap to 
use, allowing the researchers to control the data collection,226 and diaries 
are recommended for measuring pain among children.216-218 The question-
naires used in the Dance Project and JiT contained different recall periods, 
which might have been confusing to the participants and have resulted in 
under- as well as overestimations, especially since short recall periods are 
recommended for children.153 Although the increased risk for recall bias 
when using self–report measures226 such errors are assumed not to differ 
between the intervention and control groups, meaning they are not consid-
ered recall bias. However, the Dance project and the JiT study also used 
self-reported retrospective data on resource consumption, which is consid-
ered a limitation of these studies since there may be both be difficulties in 
recall and unwillingness to report.256 If register data had been available, they 
would have been more valid. However, since there is no primary care regis-
ter in Sweden and electronic medical records for school healthcare seem to 
be incomplete, the self-reported data were assumed to give a more correct 
picture. In addition, legal guardians were used as proxies for estimating 
healthcare consumption in the JiT study, which, in contrast to the measur-
ing of QoL, is reported to be a valid choice when estimating resource con-
sumption among children.257 

In JiT the legal guardians were also instructed to help the children when 
needed during the assessments. This might have affected the responses, since 
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the involvement of parents or other adults might inhibit the child’s re-
sponses.153 

Both the health economic analyses in the thesis where performed from a 
societal perspective, which is the recommended approach.142,145 From this 
perspective, all events affected by an intervention should be included for 
both costs and outcomes. This was not considered in the studies which in 
first hand were focused on the participant itself and the events that were 
related to them. The wider societal impact including different sectors or po-
tential spill-over effect on siblings, friends, teachers or others was not con-
sidered which means that the complete picture of the consequences from the 
studies was not captured. 

According to the Washington panel,142 health economic evaluations 
should include productivity consequences related to changes in health sta-
tus. Among children and adolescents, school absence might be the most ob-
vious form of production loss in short term. A limitation of the Dance Pro-
ject was that school absence was not measured and subsequently not con-
sidered in the health economic analysis. In the JiT study, school absence was 
measured using a multiple-choice question and valued at the rate of the av-
erage wage in Sweden, according to the human capital approach,85 as rec-
ommended.145 The lack of recommendations for handling production loss 
among children is challenging and might contribute to the methodological 
heterogeneity.147 The use of average wage does not seem completely valid 
for the valuation of children’s time,147 but since no other methods suitable 
for children exist, it was considered appropriate in the JiT study. 

In the Dance project, the Health Utility Index Mark 3 (HUI3) was used 
to assess QoL195-197 using the attributes emotion, cognition, and pain.197 The 
use of only three attributes was assumed to be a valid implementation of 
the instrument, implying that the other attributes (i.e., vision, hearing, 
speech, ambulation and dexterity) were not affected by the intervention. 
However, each attribute was assessed by only one item, which was a mis-
take in the implementation of the instrument, since the “cognition” attrib-
ute should have been assessed using two items. Instead, a merged item was 
used, which might have affected the sensitivity of the QoL instrument. 

In the JiT study, QoL was measured using KIDSCREEN-10222 mapped 
onto another child-specific instrument, the Child Health Utility Index 
(CHU-9D),258 using an algorithm.223 Although mapping is the second-best 
alternative,259 it is a common way to estimate utility in health economic 
evaluations when an instrument without preference scores is used. At the 
start of the JiT study, no appropriate QoL instruments were available for 
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the target group that were translated into Swedish, which made mapping a 
good alternative. 

In generic multi-attribute utility instruments (MAUIs), the valuing of the 
health states is already done. In most cases, the utilities are derived from 
adults,156 since valuing is challenging among children and adoles-
cents.153,156,260 An exception to this is the CHU9D instrument, which is based 
on adolescents’ preferences,223 which is a strength of the instrument and of 
the JiT study. 

Finally, using a decision tree in the health economic evaluation in paper 
IV was simple and easy, although the tree quickly became very wide with 
several pathways, making it difficult to handle. The most important motive 
for using a Markov model in the study was the objective of long-term out-
comes of the RCT; otherwise, the use of modeling was not necessary. 

Conclusions of the thesis 
In conclusion, this thesis has shown that emotional problems (e.g., depres-
sion) in adolescence are associated with decreased earnings in adulthood, 
which is an indicator of reduced productivity. The intervention studies have 
shown that dance is a cost-effective intervention for adolescent girls with 
emotional and/or pain problems in adolescence and that dance and yoga 
combined is beneficial for younger girls with pain symptoms, such as FAPD, 
from both the economic and clinical perspectives. 

The thesis can also be concluded by mentioning some methodological 
issues. First, it was shown that it was important to consider the heterogene-
ity of depression in epidemiological research, as different severities of the 
disorder may lead to different outcomes. Second, the methodological heter-
ogeneity of the health economic evaluations applied was shown to be sub-
stantial, making it difficult to compare the findings of different studies. 
Third, there was also a lack of recommendations for health economic eval-
uations concerning children and adolescents, which is probably a reason for 
the observed methodological heterogeneity. 

The findings of this thesis imply that both prevention and early treatment 
of adolescent depression are needed to prevent long-term negative outcomes 
for both the individual and society. Interventions for FAPD using different 
approaches are required.22 For the studied target group, the intervention 
with dance and yoga was shown to be a new and effective intervention that 
is cost-effective from a societal perspective given a threshold value of USD 
50,000, which was also shown for the intervention with dance for adoles-
cent girls with internalizing problems. However, cost-effectiveness is not the 
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same as cost-saving, and these interventions will not benefit everyone in the 
target groups, so various interventions are needed to optimize outcomes. 

It is hoped that this thesis will better inform treatment decisions and give 
some guidance to decision–makers regarding the importance of preventing 
and treating emotional problems and pain symptoms in childhood and ad-
olescence to stop their development into chronic disorders. Emotional prob-
lems and pain symptoms in childhood and adolescence are a worldwide 
challenge and prevention and early treatment of these problems could sig-
nificantly contribute to population health as well as have a high economic 
return. I will end with this observation from Patton et al.:237 “Investments 
in children and adolescent health and wellbeing bring benefits today, for 
decades to come, and for the next generation.” 

Suggestions for future research 
The work within this thesis frame and the papers included in this thesis have 
resulted in certain ideas for future research: 

• More evidence-based and health economic analyses of interven-
tion studies of preventing and treating emotional problems and
pain symptoms in childhood and adolescence are needed, espe-
cially with long-term follow–ups.

• It would be valuable to evaluate dance or dance and yoga for
other target groups, such as boys, children of different ages, and
different disease groups. It would also be interesting to evaluate a
less intense form of the intervention, for example, once a week
and/or for four months and/or digitally delivered.

• Previous research has indicated that parents can influence their
children’s perception of pain,22 so it would be interesting to design
and evaluate a parental intervention when a child has FAPD.

• Since it has been shown that the long-term outcomes of adolescent
depression are mediated by various factors, it would be valuable
to learn more about such mediators.

• Research on the long-term economic consequences of FAPD in
childhood or adolescence is lacking, so this represents a potential
research area.

• Studies of the effectiveness of interventions, when implemented in
a real-life setting, are required.
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As mentioned in several parts of this thesis, there are certain basic method-
ological limitations of health economic analysis, particularly regarding chil-
dren and adolescents. For me, this is an urgent area for research since I 
believe it is crucial that health economic evaluations be based on the best 
evidence available. In health economic evaluations overall and among chil-
dren and adolescents in particular, several areas need to be developed to 
limit the number of assumptions in the analysis, such as:  

• the valuing of time among children and adolescents,
• resource use measurements for children and adolescents, and
• preference valuation of QoL among children and adolescents.
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Populärvetenskaplig sammanfattning på svenska 
Behoven och efterfrågan av hälso- och sjukvårdsinsatser är oändliga medan 
de resurser som beslutsfattare har att tillgå är begränsade. Prioritering och 
fördelning av dessa resurser krävs således och bör baseras på bästa tänkbara 
underlag. Här fyller hälsoekonomiska uppföljningar och utvärderingar en 
viktig roll. Den här avhandlingen handlar om hälsoekonomiska aspekter på 
psykisk ohälsa bland barn och unga. Mer specifikt belyser avhandlingen 
emotionella problem, såväl det psykiatriska tillståndet depression som psy-
kiska besvär i form av exempelvis nedstämdhet och oro, samt smärtsymtom 
av olika slag, specifikt funktionell magsmärta. Emotionella problem och 
smärtsymtom hos barn och unga är nära sammankopplade, där emotionella 
problem kan leda till olika smärtsymtom såsom huvudvärk, ryggvärk eller 
magsmärta, och smärtsymtom kan leda till, eller vara ett uttryck för, emot-
ionella problem. Problemen är vanligt förekommande bland barn och unga 
såväl nationellt som internationellt och leder både till ett lidande för indivi-
den och orsakar stora kostnader för samhället. 

De långsiktiga konsekvenserna av hur emotionella problem i tonåren på-
verkar olika faktorer i vuxenlivet har belysts alltmer i forskningen under de 
senaste åren, men det finns kunskapsluckor, exempelvis gällande de ekono-
miska följderna. Det finns en efterfrågan på väl utvärderade insatser för att 
förebygga och/eller behandla såväl emotionella problem som smärtsymtom, 
men tillgången är i nuläget begränsad. Även hälsoekonomiska utvärde-
ringar är sällsynta, framförallt när det handlar om insatser för att behandla 
funktionell magsmärta. Syftet med den här avhandlingen var därför att, ut-
ifrån ett hälsoekonomiskt perspektiv, undersöka långsiktiga följder av de-
pression i tonåren samt utvärdera två olika interventioner riktade mot emot-
ionella problem och smärtsymtom i barndom och tonår. Då förekomsten 
av dessa besvär är högre bland flickor, var målgruppen för dessa intervent-
ioner just flickor. 

Avhandlingen utgår från tre olika forskningsstudier; Uppsala longitudi-
nella depressionsstudie (ULADS), Dansprojektet samt Just in TIME (JiT)-
studien. ULADS är en studie som startade i Uppsala i början av 90-talet där 
samtliga elever i skolår 1 och 2 på gymnasiet fick svara på frågor om sin 
psykiska hälsa, en så kallad screening. De som, utifrån förbestämda krite-
rier, bedömdes ha en depression deltog därefter i kliniska intervjuer. Dess-
utom intervjuades lika många ej deprimerade individer av samma kön och 
från samma skolklass som de deprimerade. Delarbete I i avhandlingen stu-
derade förvärvsinkomsten mellan åren 1996-2016 för 539 personer i 
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ULADS. Data avseende förvärvsinkomst hämtades från Statistiska central-
byråns register Longitudinell integrationsdatabas för sjukförsäkrings- och 
arbetsmarknadsstudier (LISA). Resultaten visade att ihållande depressiva 
besvär i tonåren var förenat med lägre förvärvsinkomst i vuxen ålder, jäm-
fört med individer som inte var deprimerade i tonåren. Detta samband för-
klarades delvis av fortsatt depression som ung vuxen. 

Den andra studien som ingick i avhandlingen var Dansprojektet, där 
kostnadseffektiviteten av en intervention med dans för flickor med interna-
liserande besvär i tonåren studerades. De som lottades in i interventions-
grupp deltog i kravlös dans två gånger i veckan under åtta månader utöver 
sedvanlig hälso- och sjukvård, och de som lottades in i kontrollgrupp fick 
endast sedvanlig hälso- och sjukvård. Deltagarna rekryterades i samarbete 
med elevhälsans medicinska enhet och de som deltog i studien besökte ofta 
skolsköterskan/skolkuratorn och/eller hade återkommande psykosomatiska 
besvär, såsom ihållande trötthet, oro eller nedstämdhet. Den hälsoekono-
miska analysen innefattade besök hos skolsköterskan som ett mått på hälso- 
och sjukvårdskonsumtion samt vunna kvalitetsjusterade levnadsår (QA-
LYs) som mått på hälsoeffekten. I jämförelse med sedvanlig hälso- och sjuk-
vård tycks behandling med dans för den givna målgruppen vara kostnads-
effektiv om beslutsfattare är villiga att betala 500,000SEK för en QALY då 
den inkrementella kostnadseffektkvoten var cirka 35,000SEK. 

Den tredje studien som ingått i den här avhandlingen var JiT-studien, där 
undersöktes det hur en intervention med kombinerad dans och yoga påver-
kar flickor 9-13 år med funktionell magsmärta och IBS. I studien inklude-
rades 121 flickor där interventionen, i likhet med Dansprojektet, pågick två 
gånger i veckan i åtta månader. Studien genomfördes i såväl Örebro som 
Västerås och deltagarna rekryterades via Barn- och ungdomsklinikerna, öp-
penvården samt via information i traditionell och social media. Flickor som 
uppfyllde diagnoskriterierna för funktionell magsmärta eller IBS samt hade 
bestående magsmärta två månader efter undersökning kunde inkluderas i 
studien. Magsmärta mättes med hjälp av en smärtdagbok vid varje uppfölj-
ningstillfälle. Resultaten visade att magsmärtan hade sänkts för såväl inter-
ventions- som kontrollgrupp efter interventionens slut. Minskningen var 
dock signifikant större i interventionsgruppen. Den hälsoekonomiska ana-
lysen inkluderade kostnader för besök inom hälso- och sjukvård, inklusive 
all skolhälsovård, samt produktionsförluster i form av skolfrånvaro för 
flickorna och frånvaro från arbetet, på grund av vård av barn, för vårdnads-
havarna. Som mått på hälsoeffekt användes QALYs. I jämförelse med sed-
vanlig hälso- och sjukvård var behandling med dans och yoga för den givna 
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målgruppen kostnadseffektiv på såväl kort som lång sikt, där resultaten vi-
sade såväl en livskvalitetshöjning samt lägre kostnader för interventions-
gruppen efter både 12 månader som efter 10 år. Resultaten från JiT-studien 
liksom Dansprojektet var tämligen robusta, även om det gällande JiT-stu-
dien fanns en större osäkerhet av effekterna på kort sikt. Det fanns även 
vissa metodologiska betänkligheter i båda studierna. 

Sammantaget pekar avhandlingen på vikten av att tidigt identifiera indi-
vider i riskgrupp och att initiera såväl preventions- som behandlingsinsatser, 
där både dans samt dans och yoga i kombination kan vara värdefulla insat-
ser såväl ur ett kliniskt som hälsoekonomiskt perspektiv. Dessa slutsatser är 
viktiga bidrag till kunskapsunderlag för beslutsfattare som prioriterar och 
fördelar våra offentliga resurser.  
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