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Chapter 1

Introduction

The distribution and level of health and education relate to the economy of the nation by
influencing, for instance, healthcare demand, labour market outcomes and economic growth.
Moving from the population to the individual level, good health and education are important
assets increasing the capacity to achieve goals in life. To provide equal opportunities for all
residents, the Swedish welfare state heavily subsidizes healthcare and provides free education at
all levels including university level. Yet, even with a generous welfare system, some groups in
society are less likely than others to access adequate health care or attain higher education.

This thesis aims at explaining some of the individual variation in pharmaceutical utilization
and university education in Sweden. This introduction briefly presents the conceptual framework
of interest, the demand for health model and human capital theory, which make up the
foundation in the essays in this thesis. Essay I (chapter 2) modifies the demand for health model
to provide a tool for analysing pharmaceutical utilization behaviour. Essay 11 (chapter 3) tests this
tool by empirically estimating whether people with higher treatment benefits are more adherent
to pharmaceutical prescriptions than people with lower treatment benefits. Essay III (chapter 4)
relates to the question of why there are inequalities in health care access by identifying disparities
in pharmaceutical utilization between natives and immigrants in Sweden. Essay IV (chapter 5)
focuses on educational human capital and explores whether the sudden onset of type 1 diabetes

in young adults affects their chances of a university education.

1.1 Health and education in a human capital model

From an economic point of view, undergoing pharmaceutical treatment or taking on a university
education may be regarded as human capital investment raising lifetime utility prospects. Skills
and knowledge acquited in school enhance our capacity, and affect our productivity at work or in
other areas we engage in. Health capital differs from ordinary human capital, because health

affects the amount of time we can freely allocate across activities. This view is conceptualised in
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Chapter 1

the demand for health model (Grossman, 1972a; Grossman, 1972b), which has emerged as a
standard economic model for analysing individual health-related-behaviour. The framework,
which builds on the human capital model (Becker, 1962), has been extended to include, for
instance, uncertainty (Dardanoni and Wagstatf, 1987, 1990; Selden, 1993; Chang, 1996; Liljas,
1998, 2000), social capital (Bolin et al., 2003), healthy and unhealthy consumption (Forster, 2001),
the family rather than the individual as health producer (Jacobson, 2000; Bolin et al., 2001,
2002b), the employer as health producer (Bolin et al., 2002¢) and, recently, behaviours with non-
monotonic health returns (Bolin and Lindgren, 2012).

In short, the demand for health model views health as a capital good, which individuals are
equipped with from birth. The amount of start-up capital varies across individuals and depends
on factors such as genetics, chances and external causes. With time, health capital depreciates,
and at an increasing rate. Reaching the lower critical health capital bound implies the end of an
individual’s life. The individual may take actions to slow down this process, and thereby extend
the amount of time with good health, by making health investments. Health investments take
various forms, for instance, a healthy lifestyle and the use of pharmaceutical treatments. All
health investments requires time effort, while physical-activity-based health investments are time
intensive pharmaceutical-based health investments require substantially less time effort. As time
and other resources are limited, investments in health compete with other demands in life. The
individual will therefore engage in activities at the intensity level that makes the best out of life
according to own values. Consequently, better health may be traded off for other desires. To
exemplify, even if too little sleep may lead to serious health concerns, people may sleep less than
needed to free up time to work or enjoy the company of family and friends. For similar reasons
the individual may, despite adverse long-term health outcomes, resort to pharmaceutical
treatment regimens to avoid side-effects immediately diminishing quality-of-life. Essay I and
essay I explore the relationship between pharmaceutical utilization and treatment effects on
long-term health and short-term quality of life. Another reason that may cause people to refrain
from adequate pharmaceutical treatment is the high cost in terms of the time and effort required
for consulting a physician. For immigrants, unfamiliarity with the health care system or the native
language may imply that this requirement is too high. If so, differences relating to non-monetary
costs for prescriptions, which follow from correct diagnoses, may contribute to differences in
pharmaceutical utilization between immigrants and natives. Essay 111 identifies differences in the
pharmaceutical utilization pattern between natives and immigrants in Sweden, and seeks to

categorize the underlying causes.
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Regarding investment in education, people may refrain from taking on a university education
because of unwillingness to sacrifice competing desires, such as current labour market earning.
Thus, the individual enrols in university education only if he or she considers that the benefits
outweigh those of the alternative options. The availability of new information that changes the
set constraints may cause young adults to re-evaluate their life goals, which in turn may modify
the university decision. Essay IV examines whether the sudden onset of type 1 diabetes in young

adulthood has consequences for subsequent university education.

1.2 Summary of essay I

Advice and guidelines exist for a wide range of health-related behaviours. These may or may not
be adhered to, however. Empirical observations clearly suggest that guidelines to promote a
healthy lifestyle are frequently not followed, and the same is true for prescribed pharmaceutical
treatments. As a consequence, treatable health conditions may receive too little or too much
treatment, resulting in potential health levels not being realized. It is obvious that adherence to a
prescribed pharmaceutical treatment varies. For instance, common sense suggests that patients
are likely to adhere to suggested pharmaceutical treatments in case of life-threatening conditions
— most cancer patients will follow what their oncologist recommends (disregarding any payment
issues). On the other hand, not all patients will follow a recommendation to start using anti-
depressants, and those patients who do follow that recommendation may not follow the
pharmaceutical prescription to the letter. More precisely, in cases where there is room for patient
autonomy, he or she may make own treatment decisions based on his or her assessment of
effects and side effects. This essay develops a dynamic model of the individual's drug treatment
decisions, making the distinction between instantancous utility effects and dynamic long-term
health investment effects. Physician decisions on treatment recommendation are exogenous. The
model provides an economic tool for understanding individual pharmaceutical-treatment
decisions.

The analysis illustrates, for instance, that public policies which uniformly subsidise a higher
share of the pharmaceutical costs have ecither positive or negative effects on public health,
depending on the type of pharmaceutical. Therefore, policy makers could modify the
pharmaceutical reimbursement system, so that the pharmaceutical out-of-pocket cost steers
individual decisions toward treatment intensities more beneficial for long-term health. Population

health will increase if pharmaceutical treatments with long-term health objectives, particulatly
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when involving adverse quality of life effects, are subsidised more, and if treatments generating

short-term utility by forgoing long-term health objectives are subsidised less or taxed.

1.3 Summary of essay II

This essay considers patient adherence to prescriptions standardly prescribed for long-term
treatment of cardiovascular diseases and mental health concerns. To explore the link between
treatment benefits and adherence, I use the Swedish Prescribed Pharmacy Register (SPPR) and
detailed individual information on health, demogtaphical and socioeconomic characteristics. The
data offers a unique opportunity to study long-term adherence in the Swedish setting which, due
to the cost-sharing subsidy rules, is suitable for exploring non-financial adherence determinants.

The extensive literature on adherence barriers provides mixed results. The homogeneity in
measuring adherence, and the absence of conceptual frameworks that may integrate the results
from studies across patient groups and pharmaceuticals (e.g., identified barriers are inconsistently
associated with adherence across studies) make it difficult to draw firm conclusions for policy
recommendations (Vermeire et al, 2001; Gellad et al, 2009; WHO, 2010). Despite the
shortcomings, the literature identifies cost-sharing, regimen complexities, medication beliefs and
depression as potential fruitful targets for improving adherence (RAND, 2009).

This essay focuses on a less studied link between achievable treatment benefits and adherence
to pharmaceuticals standardly prescribed for long-term treatment of prevalent chronic diseases.
This link is important because a positive association, i.e. people are more adherent when
treatment benefits are higher, may suggest that adherence follows from informed and rational
decisions reflecting treatment benefits and costs.

The empirical results show a significant and sizable positive relationship between adherence
and the achievable treatment benefit. The over-all results are robust across the analysed
pharmaceutical classes and for two different population groups. That people with higher
treatment benefits are more adherent than people with lower health returns is an important
finding. For example, such knowledge is useful for health professionals when drawing up

treatment guidelines.

1.4. Summary of essay III

Immigrants in Sweden have poorer health, e.g., self-rated health (Lindstrém, Sundquist, and

Ostergren 2001), cardiovascular illness (Gadd et al., 2005), psychiatric illness (Johansson et al.
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1997; Ferrada-Noli, 1997, Bayard-Burfield, Sundquist, and Johansson, 2001), and a higher overall
mortality risk (Sundquist and Johansson 1997), compared to natives. Some of the health
differences across these two groups seem to relate to the pattern for overall health care utilization
(Westin et al. 2004; Wamala et al. 2007) and prescriptions (Nordin, Dackehag, and Gerdtham,
2013; Sundquist 1993). This essay considers pharmaceutical utilization differences between
immigrants and natives in Sweden.

Despite the fact that immigrants constituted 15% of the Swedish population in 2011 (Statistics
Sweden, 2011) and that the health of immigrants has substantial impact on general public health
and healthcare expenditures, there are few analyses exploring differences in pharmaceutical
utilization between immigrants and natives. For this purpose, we use the Swedish Prescribed
Drug Register (SPDR) and the Swedish Survey of Living Conditions (ULF) to explore differences
in dispensed pharmaceuticals between immigrants and natives. The detailed individual-level data
also enables us to disentangle differences in utilization relating to disparities in health and
socioeconomic characteristics from factors relating to immigration characteristics.

The results show that immigrants and natives have different access to several of the 20 most
dispensed pharmaceutical subgroups. When focusing on prescriptions listed as first-line
treatments by evidence-based treatment guidelines (e.g. Janus 2006; Likemedelsradet 2006) for
prevalent chronic conditions, a uniform pattern emerges — immigrants are less likely than natives
to access thiazide-diuretics (CO3A), ACE inhibitors (CO9A) and adrenergic inhalators (NO2B).
These pharmaceuticals make up the foundation in the prevention and treatment of
cardiovascular-related diseases (high blood pressure, heart failure and kidney diseases) and
asthmatic diseases. This may suggest that immigrants are less likely than natives to have adequate
preventive treatment. As cardiovasculat-related morbidity and mortality ate leading public health
concerns, and adequate pharmaceutical treatment substantially reduces such morbidity and
mortality (WHO, 2012), effective intervention targeting immigrants with unmet medical needs

may increase their health.

1.5 Summary of essay IV

Growing evidence shows that health in early life and childhood is important for adult outcomes
such as academic achievements, but data limitations have made it difficult to study the
importance of health in young adulthood. This essay investigates the interrelationships of young-
adulthood health, university education and family formation, and analyses the link between health

in young adulthood and university education by using the Econ-DISS database, which includes
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detailed individual data on individuals who had type 1 diabetes onset in age 17 to 20 and matched
population controls.

This link is interesting because children, when they reach young adulthood, gain wider
responsibility for their own health behaviour and academic achievements compared to when they
were younger, and the role of parents becomes less governing and more advisory. Therefore, the
link between young-adulthood health and university achievements reflects the young adult’s own
decision making process, while the link between childhood health and education mirrors, to a
higher extent, the level of parental involvement in their children’s education through e.g.
homework.

Comparing individuals with and without type 1 diabetes illustrates how an unexpected health
shock may affect subsequent university education. Type 1 diabetes typically occurs rapidly
without prior symptoms, the onset mimicking a before and after treatment setup. Focusing on
onset in the age group 17 to 20, which is when young adults decide upon university enrolment,
we minimize the influences on childhood academic achievements that also affect university
enrolment.

The most important result is that type 1 diabetes onset among women in young adulthood
exerts negative influences on both university education and becoming a parent. As the negative
influences persist at age 35, the results are permanent drops rather than delays. Comparisons of
women with university education show that type 1 diabetes is negatively associated with
motherhood, suggesting that type 1 diabetes obstructs the achievement of both university
education and motherhood, and that the trade-off between these life goals increases. In terms of
redirecting life goals after onset, socioeconomic background is important. The group level
analysis shows that young adult women with a high or low socioeconomic background choose
motherhood over university education, while women with a middle socioeconomic background
remain childless and prioritize university education. For men, we find no association between
type 1 diabetes onset in young adulthood and subsequent university education.

Taken together, these results suggest that type 1 diabetes intensifies the conflict between
motherhood and university education, and that socioeconomic background affects women’s
response to such conflict. These findings underline the need of further research on the
complexity between type 1 diabetes onset in young-adulthood and subsequent university
education. As family formation is important and men and women face different constrains
(cultural and biological) when forming a family, policy makers should consider that (1) men and

women respond differently to diabetes onset, (2) diabetes intensifies the conflict between



Introduction

motherhood and university education and (3) socioeconomic background matters for the choice

between motherhood and university education.
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Chapter 2

Pharmaceutical utilization in a demand-for-health
framework — The trade-off between instantaneous
quality-of-life and long-term health

With Kristian Bolin™”

2.1 Introduction

The broad range of advice on how to behave to promote good health, from lifestyle advice to
prescribed pharmaceutical treatments, may be adhered to more or less rigorously. There may be
various reasons for this; for instance, uncertainty, lack of knowledge and/or conflict of interests.
We focus on the implications for health and health-related good-health behaviour not being the
individual's sole concern when making decisions on the allocation of resources. More specifically,
we consider behaviours that influence both health and quality of life, making the distinction
between health as a capital good and instantancous utility or quality of life. For instance, a
pharmaceutical treatment may have instantaneous quality-of-life effects by relieving symptoms,
and at the same time influence health in the longer perspective by producing investments in
health. Moreover, several health behaviours seem to be associated with a physiologically
determined, individual-optimal level of activity, implying that activity levels below or above that
level would result in less than the maximum attainable effect. The pharmaceutical example offers
a plausible illustration of this non-monotonicity property: there is a maximum instantaneous
quality-of-life effect that is attained for a specific treatment intensity, which may be smaller or

larger than the intensity that maximizes the amount of health investment (Bolin and Lindgren,

* Department of Economics, University of Gothenburg, Gothenburg, Sweden
® Centre for Health Economics, University of Gothenburg, Gothenburg, Sweden

9



Chapter 2

2012). We develop an economic-theoretical model along those lines, using pharmaceutical
treatment as an illustration.

The purposes of following a pharmaceutical treatment regimen are to improve, or retain,
health and/or to improve quality of life by curing disease and/or alleviating disease-related
symptoms. Whenever these objectives cannot be perfectly accommodated simultaneously, the
optimal course of action will involve a balance between the two. Thus, a prescribed
pharmaceutical treatment, which is designed to maximize the (expected) positive health effects,
will only be perfectly adhered to in the special case when this objective is not in conflict with the
quality-of-life objective, and vice versa. Radical treatment examples include strong pain killers
(e.g., morphine and methadone) which rapidly alleviate pain, but may involve adverse long-term
health effects (e.g., respiratory depression), and chemotherapy, which has undesirable short-term
quality-of-life effects (nausea, fatigue etc), but may restore health in a longer perspective.
Certainly, in some cases short-term quality-of-life effects harmonize with long-term health
effects, in which case there is no conflict between the two objectives. For instance, this may be
the case for treatment situations that involve antihistamines alleviating allergy symptoms and
preventing further allergic reactions.

The theoretical model outlined above facilitates economic-theoretical analysis of health-related
behaviours in general, and the analysis of pharmaceutical-treatment adherence in particular. The
importance of this is highlighted by the economic costs induced by alterable health-related
lifestyle choices and pharmaceutical misuse. In both cases, empirical studies have found the costs
to be substantial, even though, in the latter case, most studies do not distinguish between costs
that arise due to side effects that occur, despite petrfect adherence, and costs that can be
attributed to adverse effects that arise due to less than perfect adherence (Cawley and Ruhm;
Wester et al., 2008; Lazarou et al., 1998; Johnson and Bootman, 1995).

The notion of health behaviours producing non-monotonic effects follows Bolin and
Lindgren (2012). Bolin and Lindgren (2012) argue that the intentions behind much health-related
behaviour are twofold: to gain direct consumption utility and to improve health (or to decrease
the risk of illness). Such behaviours include physical exercise, certain consumption and
composition of food, alcohol consumption and, as a matter of fact, any recreational activity (art,
literature, music, etc). We extend their idea by incorporating two distinct activity levels that
maximize instantaneous quality of life and gross health investments, respectively.

The following section develops a dynamic human-capital model of health investments,

incorporating the notion of an activity — exemplified by pharmaceutical treatment — yielding non-
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monotonic effects (1) on the health stock, and (2) on instantaneous utility (quality of life)."* The
model is an extension of the demand-for-health model (Grossman, 1972), and adopts its
following basic features: (1) the individual demands health for its effect on the amount of healthy
time (the investments motive — the individual has no consumption motive for holding health), (2)
the demand for investments in health is derived from the more fundamental demand for health,
(3) investments in health are produced by the individual, and (4) the stock of health depreciates at
cach point in time. Our model incorporates the additional complexities of health behaviours
having (1) non-monotonic effects and (2) both instantancous and investment effects. The model
uses pharmaceutical treatment as a benchmark, but its applicability reaches beyond that patticular
situation.

The structure of the rest of the paper is as follows. Section two comprises the general
structure of the model, including the individual's control problem. Section three explores the
general properties of the model (steady-states, stability and dynamics). Conclusions and a

discussion bring the paper to an end.

2.2 The model

General structure

We consider a theoretical model of the demand for pharmaceutical treatment, taking both short-
term and long-term effects of that treatment into account. The short-term effect is the
improvement in quality of life produced by the chosen treatment intensity, while the long-term
effect is the influence on the health stock. Thus, we distinguish between quality of life on the one
hand, and health on the other. Further, both effects are non-monotonic and single-peaked. Thus,
in our model, pharmaceutical utilization has two objectives: (1) to improve instantaneous quality
of life, and (2) to enhance future health (H(t)). Following in the tradition of the human-capital
approach to health (Grossman, 1972a, b), the demand for pharmaceutical treatment is derived
from the underlying fundamental demand for health and, in our case, from the instantancous

quality-of-life effect. More specifically, we consider a continuous-time demand-for-health model,

! 'The human-capital approach to health suggests that health behaviours are dynamic. Thus, a theoretical analysis
needs to take changes in any such behaviour, and the resulting health outcomes, over time into account. The
appropriate way of achieving this is by specifying a dynamic model either in a discrete-time multi-period or a
continuous-time framework.

2'The two concepts instantaneous utility and quality of life are used interchangeably.

3 Since its introduction, the demand-for-health model has been extended in various ways. For instance, to
incorporate uncertainty (Dardanoni and Wagstaff, 1987, 1990; Selden, 1993; Chang, 1996; Liljas, 1998, 2000), the
family as producer of health (Jacobson, 2000; Bolin et al., 2001, 2002b), the employer as producer of health (Bolin et
al., 2002¢), social capital (Bolin et al., 2003), healthy and unhealthy consumption (Forster, 2001), decreasing returns
to scale in the production of health investment (Ehrlich and Chuma, 1990; Galama, 2011) and non-monotonic health
behaviours (Bolin and Lindgren, 2012).
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in which the individual chooses an optimal pharmaceutical-utilization (treatment intensity) time
path, a(t) = 0Vt, taking both instantaneous quality-of-life and investment motives into

’8.CC0111’1t.4

Treatment intensities

Pharmaceutical treatments are prescribed in order to restore and maintain health and/or quality
of life. For simplicity, we assume that for each treatable health condition there is a unique
pharmaceutical treatment associated, which is characterised by its influence on symptoms and
capacity to restore health. We are concerned with situations in which (1) physicians prescribe
pharmaceuticals according to this association only and (2) pharmaceuticals are only available as
prescription drugs. In this scenario it seems reasonable to make the simplifying assumption that,
for each pharmaceutical treatment, the treatment intensities that maximize the quality-of-life and
health investment effects are independent of health. Thus, for cach treatment the effects on
health and quality of life are determined solely by the treatment intensity.” Differences between
health conditions that demand pharmaceutical treatment are reflected by differing highest
attainable treatment effects.

Formally, a particular pharmaceutical is characterised by its physiologically optimal treatment
intensities with respect to instantaneous utility (quality of life) and health investments.
Instantaneous utility is provided according to 85(a(t)) = TES — ¢° - (a(t) — a®)?, where TES
is the maximum instantancous utility that can be achieved by that particular treatment, which
occurs at a(t) = a® = 0 (@ is the short-run physiologically optimal treatment intensity). The
parameter @° captures the rate at which deviating from the short-term physiologically optimal
level of treatment reduces quality of life (¢° > 0). Analogously, the chosen treatment intensity
produces gross health investments according to 8'(a(t)) = TE' — ¢! (a(t) — a')?, where
TE! is the maximum investment attainable at each t, and the parameter ¢! captures the rate at
which the amount of health investments diminishes when deviating from the long-run
physiologically optimal level, at=0 ((pl > 0). Further, we assume that no treatment, a(t) = 0,
yields a zero effect on both instantancous utility and health investments. Thus, 0i(0) =0
(i = s,1), which means that TE! = ¢t - (ai)z. These specifications comprise both treatments

with conflicting long- and short-term objectives as well as therapies which are beneficial both in

the short and in the long run. The former type of treatments includes, for instance, cancer

* The two concepts freatment intensity and pharmacentical utilization are used interchangeably
> The implications for health and health investments in health influencing the capacity of transforming time and
resources into health capital has been analysed by Bolin and Lindgren (2014).
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treatment with chemotherapy and pain treatment with morphine, which may have long-term
adverse health effects. In the case of chemotherapy, side-effects adversely influence
instantaneous quality of life, i.e., 8°(a(t) > 0) < 0. In the long run, however, chemotherapy
constitutes an investment in health, ie., 8'(a(t) > 0) > 0. The motphine example is directly
analogous. The second type of treatments encompasses a less pronounced conflict between the
two objectives. For instance, stomach-ulcer treatment with proton-pump inhibitors improves
instantaneous quality of life, by reducing stomach pain, and constitutes an investment in health,
by curing and preventing the underlying disease. Notice, however, that in the case when
treatment has beneficial effects for instantanecous quality-of-life and produces health investments
there may still be a range of conflict between the two objectives. Figure 1 illustrates the case in
which there is no range of treatment intensities for which short- and long-term effects are
simultaneously strictly positive (a chemotherapy treatment, for instance). Figure 2 illustrates the
case in which there is a range of treatment intensities which produce both short- and long-term

benefits (for instance, a treatment using a proton-pump inhibitor for ulcer treatment).

Figure 1. Illustration of the utility and the health-investment effects in the chemotherapy case.
The specific choices of the parameters reflect a specific treatment situation. The dashed curve
illustrates the health-investment effects, while the dotted curve shows the instantaneous-utility
effect. The following specifications are used: @l = ¢@s = 1;al = 2;as = 0; TE' =4 and
TE® =0.
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Figure 2. Illustration of the utility and the health-investment effects in the proton-pump case.
The specific choices of the parameters reflect a specific treatment situation. The dashed cutve
illustrates the health-investment effects, while the dotted curve shows the instantaneous-utility
effect. The following specifications are used: @l = @s = 1;al = 2;as =1; TE' =4 and
TES=1
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Preferences and the dynamics of health capital

The individual derives utility from consumption of a market good and from the quality of life
produced by the chosen treatment intensity, a(t). Health, (H(t)), is purely an investment capital
good that determines market income and, hence, consumption and treatment opportunities.
Disposable income, ¥(t), is an increasing and strictly concave function of health (y' > 0;y" <
0), the price of consumption is normalised to 1, and the marginal cost of pharmaceutical
treatment is constant and equal to 7. Thus, consumption, ¢(t), equals y(H(t)) — 7 - a(t). For
simplicity, we assume that preferences can be represented by the following quasi-linear utility
function, U(c(t), a(t)):*
Ue®),a(®) = y(H®) - 7 a(t) + 65(a(t)). 1)
Health investments produced by pharmaceutical treatment are partially offset by natural
depreciation — at rate § (0 < § < 1) — of the existing stock of health capital. For tractability of
dynamic analysis we consider a model in which the rate of depreciation is time independent.”

Thus, the motion of the health stock is given by:

L8 = gl(a() - 5 H(L). ©

¢ Throughout the paper, a subscript indicates a partial derivative. The derivatives of single-variable functions follow
Lagrange’s notation and use ' for the first and " for the second derivative. The time-derivative operator is expressed
as %.

7 We analyse time-paths and stability of equilibrium. This is in contrast to Grossman (1972), Muurinen (1982),
Wagstaff (1986), Liljas (1998), Jacobson (2000), and Bolin et al. (2001), who all examined models with time-

dependent rates of depreciation.
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The individual’s control problem

The individual faces the intertemporal problem of controlling the treatment-intensity time path in
order to maximize his or her total utility over the planning petiod. This means that in order to
find the optimal allocation of resources, the individual has to find the optimal dynamic balance
between instantaneous quality of life and the size of the health stock. We assume that the
individual has a fixed planning horizon, t = T, and, hence, if future utility is discounted at rate p,

the individual acts according to the following (using ¢(t) = y(H(t)) — 7 - a(t)):*

T
“;}f e Pt Uy(H(®) — - a(t),a(t)) dt,
,a 0

subject to: % =0a(t)) — 8§ H(t), Hy = H (= Hpupn), and a transversality condition

(Hpmin is the smallest permissible level of health). We focus on the fixed time horizon problem
including a minimum tatget health-capital level, H; formally the transversality condition is:
AT)-(H(T) —H) =0 (H(T) = H, target health).” Regarding the problem at hand, these
conditions describe the situation in which a specific treatment time and a minimum health level at

the end of the treatment are decided at the outset of the treatment.

2.3 Optimality
Conditions for optimal treatment intensity and health time path
The maximum principle gives necessary and sufficient conditions for the (unique) optimal
control of a(t), since the Hamilton function is jointly concave in (a(t), H(t)) (this is
straightforward to demonstrate; see appendix A). In what follows, (a(t)*, H(t)*) denotes a path
satisfying these conditions. The current-value Hamilton function for the maximisation problem
is:

HO) =UH®) - m-a®),a®) + 40 - (0 (a®) = §-H®), ©)
The maximum principle yields the following equations of motion for the stock of health:

% = ‘Z—],f +p () = =y (H®)) + (5 +p) - A1) @

8 The individual’s life-time optimisation problem is formulated as a vertical time line problem by, for instance, Bolin
et al (2001; 2002b, ¢), which means that the terminal time is fixed, but the terminal state is free (Chiang, 1992, p.182.
9 This is often referred to as a truncated vertical terminal line problem. Life-long treatments could also be
approached by a horizontal terminal line formulation, in which case the transversality condition is H'(T) = 0, and
H(T) fixed. (K (T) is the value of the Hamiltonian function at t = T').
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The optimal control of the treatment intensity, a(t), is given by the following first-order

condition:

ax
dalq(t)=a"

=—r—2¢5 (a(®) —a’) + A1) (—2 cpb-(a(®) — al)) =0. (5
The optimal choice of treatment intensity

First, notice that T < 2 ¢* + a® is a sufficient condition for a(t)* > 0 t € [0, T]. This follows

from the fact that A(t)* > 0 for t € [0,T)," which implies that 66_7: © > 0. Similatly, if
a(t)=0

ar
_YH" (1)
dalq(t)=2"

< 0, the market income will be divided between consumption and treatment, i.e.,
a(t) < %(t)) We will refer to this as an intetior allocation. Second, equation (5) suggests that the
individual chooses the intensity of a pharmaceutical treatment by balancing quality of life

anddemand for health. The relationship between a® and a' determines the range of potentially

optimal treatment intensities. This is summarized in Claim 1:

Claim 1: an interior treatment intensity, a(t)”, is chosen as follows for t € [0, T]:
() when T = 0, and a' # a®, then a(t)” € (min(a®, a'), max(a®, a"));
(@) when > 0 and a' = a® = a, then a(t)* € [0, a);
(5 when T > 0 and a' > a®, then a(t)* € [0,a%);
(@) when 7t > 0 and @ > a', then a(t)* € [0, a®);
() when 0 < < 2-¢°-(a®—a) and a® > a!, then a(t)* € [a}, a®);

Proof: see appendix A.

10 See lemma 3.1, Caputo (2005), p 56. The Maximum principle guarantees that A(t)" is a continuous function of t
and, hence, A(T)* = 0.
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Claim 1 summarizes the range of possible optimal choices of treatment intensity. We will
illustrate the dynamics of these choices diagrammatically in the control-state space, starting in the

next section, by characterising the location of existing points of equilibrium in the a-H plane. If

—Oand

there are any such points they will be located at the intersection(-s) between the &

dH(t)
dt

the

= 0 locus.

Equilibrium

Points of equilibrium (steady state) may be relevant merely as points of reference for the
behaviour of the dynamic system. Moreover, specific transversality conditions may rule out
equilibrium points as parts of the optimal time paths of control and state variables. In our case,
however, the significance of equilibrium may go well beyond that in many other dynamic models.
The reason is that pharmaceutical treatments often involve relatively long periods of maintenance
treatment, which seems plausibly modelled as a steady state. Points of equilibrium that are
consistent with the transversality condition that we have applied — A(T)* (H (T) - ﬁ) =0 -
are characterised by cither the steady-state shadow price of health capital being equal to 0, or by
the fact that the equilibrium level of health capital equals H.

Formally, the points of equilibrium are found when solving the equations system by setting
both equations of motion equal to 0. The equation of motion of the stock of health is given by
(2). Let:

BO = TE'—g' - (a(t)" = a')? = § - H(®) = h(a(®)  H(®)).  (©)
In order to obtain the corresponding equation of motion for a(t), take the total time-derivatives

= f(H()*), and obtain: f(H()")- (_2 ol (a(t) — )) da(t)

(2 (p° + @' - A(D)" )) = 0. Solving for (t) gives:

of (5), set dl(t) =

da(ty® _ f(H(t)*)-(—Z-fﬂl-(a(t)*—a’)) _ 9@®" H®) .
ac 2:(p5+olAt)") T 2(ps+elae)) @

The dynamics of the system is described by equations (6) and (7), and the stationary loci can be
found using h(a(t) , H(t)") =0 and g(a(t) , H{t)") = f(H{)")" (—2 ot (a(t) —

al)) = 0. Technically, a steady state, a®, H® , is defined by the equation system [h(a® H®) =
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0,g(a® H®) = 0]. In appendix Awe show (1) that the = 0 locus is a parabola, and (2)

that the dad(:)* locus is a hyperbola, which is downward (upward) sloping when a! > a® (a! < a®
and T < 2+ 9%+ (a® — a"));" and in both cases convex if y"'" is sufficiently small. The following
claim summarizes how the location of a steady state depends on (1) the out-of-pocket marginal
cost of pharmaceuticals, (2) the rate at which the amount of gross health investment diminishes
as treatment diverges from a', and (3) the rate at which the instantaneous utility diminishes as

treatment diverges from a®:

Claim 2: the effects on the location of a steady state of an increase in (1) 7, (2) @', and (3) ¢ are:

() in the case when a' > a¥:

(1)—<0and—<0(2) <>0ar1d

(#) in the case when a! < a® and m < 2% - (a® — ab):

(1)—>Oand—<0(2) <0and <0 and(3

(i) in the case when a! = a¥ and T > 0:
DX < 0and 2 <0, 0% <> 0a0d 25 > 0;a0d 3) 22 > 0 and 25 > 0.
dm dm dol dol des des

(#) in the case when a' = a¥ and w = 0, the location of the equilibrium does not depend on

7, @t or @3, since a(t)* = a® = a' = a°.

Proof: the proof of (i) and (7) is a set of straightforward comparative statics calculations. The (i)

1

case follows trivially since (a) a® = a* = a® and (b) the stationary loci for H does not depend on

the exogenous parameters of interest. See appendix A.

The intuition behind these results is as follows: Fins# an increase in the marginal cost of
treatment, 77, always leads to a lower treatment level, but may increase or decrease the equilibrium
level of health capital depending on the relationship between al and a’: when a! > a® we know

that the equilibrium treatment level is below a' and, hence, that a reduction in the treatment level

11 This means that an equilibrium, if it exists, is unique when a' = as.
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will lead to a smaller health stock. When a' < a® , the equilibrium health stock will increase for
analogous reasons. Seond, consider an increase in the rate of "punishment”, @, for deviating
from a'. Such an increase suggests that the balance between instantaneous utility and health
investments occur at a higher treatment level when al > a®, and at a lower level when a' < a®.
In the first case, a treatment-intensity increase may only partly offset the effect of the increase of
(pl and, hence, the equilibrium health stock may increase or decrease. In the second case, the
decrease in treatment intensity does not offset the increase in the rate “punishment”, . Third,
an increase in @° will affect the optimal treatment intensity in a directly analogous way; that is,

the equilibrium intensity will decrease (increase) if the original equilibrium is above (below) a®.

Type of equilibrium

The steady-state stability properties are determined by an examination of the Jacobian matrix of

the system [h(a®,H®) = 0,g(a® H®) = 0], that is, | = (hH hg
9du  Ya

the trace, tr(J), provide the necessary information. We summarize the model’s stability

). The determinant || and

properties in Claim 3:

Claim 3: A steady state is saddle-point stable in the following case:
() al > a¥; and
(1) a'=a’andm > 0.
A steady state is locally stable in the following cases:
@ ad<aSand0<m<2-¢'(as—ab).

Proof: See appendix A.

Dynamics — phase diagrams

Figures 3 and 4 illustrate possible optimal streamlines in the state-control space.”” The shape of
cach stationaty locus is derived in appendix A. The partial detivatives hy and gy are used to
determine the direction of the vector field in each section of the positive quadrant. Thus, in
Figure 3, the rate of change of the health stock will decrease from bottom to top in a phase

diagram with H(t) on the vertical axis, and, in particular, it will be 0 at the H(t) stationary locus.

12 Figures 3 and 4, below, illustrate the stationary loci using the specification y = In(H(t)). The %:0 locus is a
hyperbola with one branch at each side of the vertex a(t) = a®, with some parts lying outside the admissible
quadrant (both the health stock and the treatment intensity must be positive).
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This means that the stock of health is increasing below the locus, and decreasing above it.
Similarly, along a vertical line that crosses the a(t) stationary locus, the treatment intensity is
decreasing below and increasing above the locus. Using an analogous way of reasoning gives the

state-phase diagrams in Figures 4 and 5.

In Figure 3, streamlines A and B are consistent with equations (2), (4) and (5), and with the
transversality condition. It should be noticed, however, that the shadow-price of health capital
may be strictly positive or equal to 0 at t = T (this bears some significance, below, in the example
illustrating the optimal time-path when a' > a®; Figure 6). The difference between the
streamlines is the amount of time that they are associated with to go from H to H. Streamline C
is consistent with the transversality condition only when m = 0, which is obvious from equation
(5) AT) = 0and a(T) = a®). Similarly, in Figure 4, streamlines D-E are solutions to our
problem for some T, while F may or may not violate the condition that H(t) = Hpp. In Figure
5, the case when a' = a¥ is illustrated. The streamlines G and H ( > 0) and I (T = 0) are all
solutions to some specification of the optimization problem. Remember from Claim 1, i.e.

a(t) > a' = a® is not possible.
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Figure 3. Illustration of the shape of the stationary loci, and trajectories for the truncated vertical terminal line
dHy

e 0 locus is a parabola with an inflexion point at a(t) = a', and

problem, the case when a' > a. The

. . . . TE!
intersections with the a-axis at a(t) = a + T-
@

day _
at
The equilibrium is saddle-point stable; the stable and unstable branches are marked.

The 0 locus is a hyperbola, with the vertex at a(t) = a®.

A

Figure 4. Tllustration of the shape of the stationary loci, and trajectories for the truncated vertical terminal line

problem, the case when a' < a®,andw < 2- @' - (a® — a'). The %

= 0 locus is a parabola with an inflexion point
! . . . . ! TE! da .. .
at a(t) = a, and intersections with the a-axis at a(t) = a" + |— . The e 0 loci is a hyperbola, with the vertex
p Y

at a(t) = a’. Note that the figure is drawn so that the steady state satisfies the transversality condition. The
equilibrium is locally stable.

»
>
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Figure 5. Illustration of the shape of the stationary loci, and trajectories for the truncated vertical terminal line

dH, . . . . .
problem, the case when a' = a’. The d—tt =0 locus is a parabola with an inflexion point at a(t) = a', and
. . . . TE! da . .
intersections with the a-axis at a(t) = a' + |—. The Pl 0 loci is a hyperbola, with the vertex at a(t) = a®.
ps )

The equilibrium (at the intersection of the parabola and the vertical line) is locally stable.

H(E)

V

|
-2

=

4 : , a®

The implications, which follow from these dynamics, for the practical problem at hand — optimal

pharmaceutical utilization — are more thoroughly discussed in the discussion section.

The optimal time-path of treatment and health

Next, we characterise the optimal time-path of a(t)*. From equation (5) it is clear that the
optimal time-path of a(t)* mirrors that of the shadow price of health capital, A(t)*. For
illustration purposes, we assume that the requirements in Claiz 1 are fulfilled for Vt, and that

T = 10. Then, the optimal treatment-intensity time-path can be illustrated using equation (5)

2'(05-a5+l(t)-2-(pl-al—n

i zel Figures 6 and 7, below,

directly. Solving for a(t) in (5) gives: a(t) =
illustrate the shape of the treatment time-path when a' > a¥ and when a' < a®, respectively,
letting 4 go from 10 to 0, and using the substitution t = 10 — 4, i.e., a(t) is plotted for t = 0 to

t = 10 (implicitly, this assumes that the transversality condition is satisfied due to A(T) = 0).

The specific parametrizations used are reported in the figure heads. Taking the time derivative of
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4-@S-pl(al—as)+2m@l  dA(D)

¢ .
a( ): gives (2-¢5+},(t)-2-gal)2 dat

, which shows that whether or not the treatment intensity

increases or decreases over time depends on the relation between al and a®.

Figure 6. Optimal treatment-intensity levels, for the following specification:p! = @ = 1; a® =
L,al=2m=1.

a(t) .

Figure 7. Optimal treatment-intensity levels, for the following specification:p! = @ = 1; a® =
2;al=1n=1.
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From the expression for d‘;(tt), above, it is clear that when a' < a® the time-path of the treatment

intensity has either a positive or a negative slope, depending on the marginal cost of treatment.
The time-path of a(t), when a' = a¥, always slopes downward, and is located below a

hotizontal line a(t) = a' = a®.
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2.4 Discussion

In this paper, we have developed a dynamic theoretical model of individual health behaviours
that are characterised by a double-peaked effect on individual wellbeing. This feature is present in
several important behaviours that are related to health. The steady-state and the dynamic
properties of the model have been demonstrated, and the model can readily be used for deriving
comparative dynamics results necessary for thorough policy analyses. For this purpose,
mathematical methods have been developed and applied to human-capital analyses (Oniki, 1973;
Eisenring, 1999; Ehrlich and Chuma, 1990). Performing comparative dynamics analyses goes
beyond the scope of this paper, however.

Several health-related behaviours may have separate short-term and long-term effects that
produce non-monotonic effects. Our model makes the distinction between instantaneous utility
and investments in health. For instance, doing physical exercise may provide improvements in
current quality-of-life and add to the health stock. More specifically, we have developed a
dynamic human-capital model of health-behaviour, making the distinction between two
competing interests of the individual: instantaneous utility (short term), affecting quality of life,
and investments in health (long-term). The fundamental notion is that each of these two
objectives may be achieved by targeting a specific level of effort — the physiologically optimal
level. Thus, the studied behaviour exerts a non-monotonic effect on both quality of life and
health. The model and the analysis use pharmaceutical treatment as an example, but the scope of
the model is wider. In fact, the demand for any behaviour or treatment that can be characterised
by having both short- and long-term non-monotonic effects, i.c., quality-of-life and health-
investment effects, may be analysed using this framework. Several preventive, curative and
palliative treatments have these features.

Using this framework, and the pharmaceutical-treatment example, we have demonstrated that
(1) the treatment intensity optimally falls into given ranges, depending on the relationship
between long- and short-term physiologically optimal levels; (2) when the quality-of-life objective
calls for a higher treatment intensity than what would be optimal from a health-investment
perspective: (a) the chosen treatment is dynamically stable; and (b) a higher marginal out-of-
pocket cost of treatment may be associated with better health.

So, what conclusions can be drawn regarding pharmaceutical-treatment adherence? To begin
with, we have to distinguish between the two main treatment situations: a' > a’ and a' < a®. In
the first case, we have all types of treatments for which there is no (or possibly negative)

instantaneous utility, or treatments with positive non-monotonic instantaneous utility effects
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where the intensity level optimal for utility is be/ow the level maximizing health. Certainly, in that
category there are several treatments which are monitored by health-care personnel and, hence,
little room is left for patient discretion. For instance, chemotherapy treatment is either accepted
or rejected; essentially, the individual does not have the option of partaking in the treatment at a
level that he or she finds comfortable. However, for a wide range of pharmaceutical treatments
the individual, in effect, has complete autonomy over the treatment intensity. Firsz, consider the
case when a'>a’ where the physician prescribes a preventative self-management
pharmaceutical treatment with intensity al. When not supervised, the individual chooses a lower
treatment intensity if perceiving that the costs (in terms of money or immediate quality of life
effects) are not warranted in terms of the the health (long-term) benefit. If so, increasing the
reimbursement level — or paying the individual — is the only intervention that unambiguously may
increase the individual treatment intensity of choice. Second, consider the case when at < a®: due
to immediate quality of life gains, the individual may use higher treatment intensities than
prescribed, despite being aware of the adverse health consequences. Then, lowering the
reimbursement level — or taxing the individual — decreases the individual’s preferred treatment
intensity. Alternative interventions can be restricting sales (e.g., limiting prescribing or keeping
sales records) or turning to incremental pharmaceutical innovations: Modifications that decrease
%, e.g., slow that release formulas decrease the treatment intensity and thus improve health.

In treatment situations with perfectly harmonising treatment objectives, ie., the treatment
intensity level maximizing health outcomes also maximizes instantancous quality of life, the
steady-state equilibrium is locally stable. This implies that the treatment’s quality of life effects
help the individual to maintain the treatment intensity, thus maximizing the health capital
investment. Consequently, when a pharmaceutical treatment is intended for the long-term, such
as for many treatments of chronic conditions, harmonising the treatment goals is ideal. Yet, if the
out-of-pocket price for the pharmaceutical treatment is sufficiently high, the individual may use
lower treatment intensities than what would be optimal from a health-investment perspective.

Model analyses of our modified version of the demand for health model illustrate that public
policies which uniformly subsidise a higher share of the pharmaceutical costs have either positive
or negative effects on public health, depending on the type of pharmaceutical. Therefore, policy
makers could modify the pharmaceutical reimbursement system, so that the pharmaceutical out-
of-pocket cost steers individual decisions toward treatment intensities more beneficial for long-
term health. Population health will increase if pharmaceutical treatments with long-term health

objectives, particularly when involving adverse quality of life effects, are subsidised more, and if
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treatments generating short-term utility by forgoing long-term health objectives are subsidised

less or taxed.

Moreover, incremental pharmaceutical innovations modifying older pharmaceuticals to
become more user friendly (e.g., lower @ or @b) have either positive or negatives effects on
public health, depending on the type of pharmaceutical treatment.

Regarding pharmaceutical innovations offering more user friendly versions of old
pharmaceuticals, the model may be used to carefully evaluate how new pharmaceutical properties
affect individual treatment intensity decisions, and thus disclose the potential value of the
innovation. Note that some innovations may affect pharmaceutical utilization behaviour in a

health-impeding way.
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Appendix A

Concavity of the Hamiltonian

The Hamiltonian function, H, is jointly and strictly concave in (a(t), H(t)). First, note that
Hyq = Hay = 0. That leaves only the diagonal terms of the Hessian matrix for H. These are:
Hyy =v"<0, and Hpg =—2-¢05—21-2-¢' <0, since A(t) >0Vte€[0,T) (Caputo,

2005, p 56), which means that |H'| > 0 and, hence, that the Hamiltonian is jointly and strictly

concave in (a(t), H(t)). When H(T) = H, the transversality condition puts no restriction on
A(T). However, due to (1) lemma 3.1 in Caputo (2005) and (2) continuity of A(t)* (the

Maximum principle; see, for instance, Caputo, 2005) it must be the case that A(T) = 0.

Proof of Claim 1

First, A(T) =0 — see above. The () part follows immediately by assuming
a(t) = (<) max(a®,a') (min(a®, a')), which leads to a violation of Z—Z[ =0, when a! # a®.
When 7 > 0, it is necessarily true that a*(t) < max(a®,a'); a*(t) = 0 may be optimal for
some combination of (a%,a') and 7 (the (#) — (i) parts); notice, that when a! = a® = a,
0H

o < 0. The case when a'!<a®: f 1<2-¢° - (a®*—ad) = — > 0. Thus,
dalg(ty=a dalg(t)=al

al < a(t) < a® (the (i) part).

Shape of the steady-state loci
First, note that for at # a® the following applies (arguments omitted, for brevity): Let the left-
hand side of equation (4) be denoted f, and use equation (5) to substitute for A(t)*. Then, we

(m+2:9%(a(t)—a"))

gt f==y'+(6+p)A=—-y'=(6+p)- 2.¢l(a(t)-al)

. The partial derivatives of f are:

0S-2-0l —_al)— S —as))-2-0!
fu=—y" > 0; fo=—@6+p) (29529 (a)-al)-(n+2:¢ (za(t) a®))2et _ —+
(2:¢t(a()-at))
4-(p5-<pl-(a5—al)—2-n-<pl
(2-(pl-(a(t)—al))2

a' = a%and,ifat < a®, f, <0ifr < 2-¢%-(a® —ab).

, which is < (>) 0 for a® > (<)a!, when t=0.If 7 >0, f, >0 if

Finally, if a' = a® and T = 0, then f, > 0.
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H(f)

Second, the shape of the = 0 locus is given by rearranging the equation h(a(t), H(t)) = 0,

TEl—<p’-(a(t)—al)2_

which vyields: H(t) = 5 3

and the shape of the %= 0 locus is found by

differentiating f = 0, which gives: fy *dH + f,-da =0 = E = —]{—a. Thus, when ™ =0,
H

Z—Z < (>)0 for at > (<)a’. The case when m >0 follows directly from the above. The

. d’H
curvature of the locus is given by —
da?

d2H 4-¢5-@(as—al)-2mp! 1 " ?
—=-(+ )—4ga (a®) —a)-y"+(2-¢'-(at) —a))) -
aar (29 awr-an)"y") ( ( )

y"') > 0if y""" = 0, which means that in such a case the locus is convex.

Proof of Claim 2

We apply Cramer's rule for solving the system that tesults from differentiating [h(a® HE®) =

0,g°(a® H®) = 0]. The determinant of the Jacobian, |J|, matrix is: Evaluated in

f fa
equilibrium it becomes: |J| = =8 f, + 2+ @' (a® —a') - fy. Thus, |J| <0 when a' > a¥,
due to the signs of f and fy, and claim 1. When a' < a¥, the sign of the determinant is
ambiguous. Adding the assumption T < 2-¢%-(a®—a') yields a® > a!, and, hence, that

JI >0.Whena'! =a’andm > 0= [J| <O0.

The effect of Tr: Differentiating the equation system that defines steady state gives:

| hy hq
fr fa
hy ha\ (H2\ L, ane o
( a) ;;Ie = (_ f:,l) Cramer’s rule gives: & =—H_Jr More explicitly, when

fu fa) \% la” Ul

a' > a5, we have S5 = (0 fy+hg f)- o= %”<o and L5 = (<hy f +0-fi)-
Ullz %.Ul < 0, due to claim 1. Similarly, when a' < a¥, we havedd—lj:= 6|;|p>0
and‘fi—‘j:= %m<01fn<2-<ps-(as—al).\>(/henal=asandn>0,|]|<0,

dHe d
and, hence, — < 0 and da’ <0.
am am
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The effect of @': Following the same procedure as above we get, when a' > a: Z—Z:’=
(“hytfatha fp1) 7 = [(ae —d) fot (49" (@ —a)* (5 +p)-
M — <> 0, since by (5) T+ 2-¢°-(a®—a®) > 0; and =(=hyf
(2.(pz.(ae_az)) Ul
hq,l'fH)' =[6-(6+p)-2-(a® _al)w (“’—al)z'fH Lo
1Jl (2 ® (ae_al)) 1Jl

Evaluating the same expression when a! < @’ and w < 2- @5 (a’ —a'), g1vcs < 0 and
da <0 when. When a' = a* andn>0wehave <>0and—>0
The effect of @5 : Following the same procedure as above we get, when a' > a’: we have Z—Zj =
(hos fa+ha fos) = (0 fat 20t (@° = @) (6 +p) - Sz ) - o> ()0

a 7] a (p p 2- (pl-(ae—al) |]|

da® 1 2-(at-a®) 1
when a® < (>)a5,andd—(ps= (_hH 'f(ps +h¢S fH) 'U—Iz (—5 (5+p) 'm)'ll—l>

(<) 0 when a® < (>) as. Evaluating the same expression when a! < a® and <2 ¢%"

(a*—a >(<)0 when a® > (<) al. When a! = a® and © > 0, we

dH® da®
have d_<p5> Oandd_<p5> 0.

Proof of Claim 3

The elements of the Jacobian matrix are (evaluated in steady state): hy = —8 < 0; h, =
—2-¢' (a® —a") = (<) 0 for a® < (>)d); from the above it is clear that fy > 0. Thus, f;
>(<)0ifr=0and a' > (<)a’; f, >0if r>0and a'! > a’;and f, <0if a' < a° and
0<m<2 @' (a’—ab). Further, we have: tr(J) = =8 + f, < 0 whenever f, < 0. Thus, in
the following cases the Jacobian determinant, |J| ==& f, + 2- ¢! (a®—a') - fy, has a
definite sign: () a'=a’and >0 = |J]|<0; () a'< aand T=0 = |J| >0; (i
al< afand0<m <29 (a*—a’) = |J| <O0. The sign of the trace and determinant in
these cases yield the conclusions in Claim 3; see, for instance, Caputo (2005) p 354-355. In the

al = a¥ case, when 7 = 0, stability is guaranteed by hy = —& < 0.
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Patient adherence to prescribed pharmaceuticals
— An analysis based on Swedish real-life data

3.1 Introduction

Low patient adherence to treatment recommendations is a persisting problem. Evidence shows
that every second person with chronic conditions in developed countries does not adhere to
treatment recommendations, and adherence is even lower in developing countries, presumably
due to unaffordability. As low adherence to prescribed pharmaceutical regimes attenuates
treatment benefits and lowers health care efficiency, adherence attracts attention from policy
makers and health managers around the world. Being a considerable public health concern, the
world health organization considers that increasing adherence to long-term pharmaceutical
regimens is essential to curb the growing burden of chronic diseases. (WHO, 2010)

The literature on adherence barriers has generated a vast amount of results. The homogeneity
in measuring adherence and the absence of conceptual frameworks that may integrate the results
from studies across patient groups and pharmaceuticals (e.g., identified barriers are inconsistently
associated with adherence across studies) make it difficult to draw firm conclusions for policy
recommendations (Vermeire et al, 2001; Gellad et al, 2009; WHO, 2010). Despite the
shortcomings, the literature identifies cost-sharing, regimen complexities, medication beliefs and
depression as potential fruitful targets for improving adherence (Gellad et al., 2009).

This essay focuses on a less studied link from attainable achievable treatment benefits to
adherence for a set of pharmaceuticals standardly prescribed for long-term treatment of prevalent
chronic diseases. This link is important because a positive association i.c., people are more
adherent when treatment benefits are higher, may suggest that adherence follows from informed
and rational decisions reflecting treatment benefits and costs. If so, conceptual economic

frameworks such as the demand-for-health model may contribute to adherence literature and
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guide policy solutions. For instance, the societal value of pharmaceutical innovations, which
marginally improve treatment benefits, may be larger than projected if higher treatment benefits
pet se motivate adherence. Moreover, if low attainable treatment benefits discourage patients
from following treatment recommendations, health care professionals and developers of clinical
guidelines should take into consideration the fact that the internalized value of treating people
with moderate benefits may be substantially lower than expected.

To explore the link between treatment benefits and adherence, I use the Swedish Prescribed
Pharmacy Register (SPPR) and detailed individual information on e.g., health, demographical and
socioeconomic characteristics. The data offers a unique opportunity to study long-term
adherence in the Swedish setting which, due to the cost-sharing subsidy, is suitable for exploring
non-financial adherence determinants'.

The theoretical starting point is that adherence reflects treatment benefits and costs. By
identifying specific health conditions augmenting the maximum therapeutic benefit from the
particular treatment, I empirically estimate the relationship between specific health conditions
and adherence. The following selection of standardly prescribed pharmaceuticals for maintenance
treatment of chronic conditions suits my purpose. (1) Selective beta blockers (SBRB), angiotensin
converting enzyme inhibitors (ACE), angiotensin receptor blockers (ARB) and diuretics for
cardiovascular disease treatment and (2) antidepressants for mental health concerns. The
selection of pharmaceuticals and the study design reduce measurement bias, which is a common
flaw in adherence studies. Moreover, these pharmaceuticals have simple regimens, typically one
dose a day, which rules out the fact that regimen complexity interferes with adherence. For theses
pharmaceuticals, the achievable effect on long-term health depends on the specific health
conditions, whereas treatment side-effects are mainly treatment-specific. The following examples
demonstrate the relationship between specific health conditions and achievable therapeutic
benefit. People with manifested coronary heart diseases benefit more from treatment with e.g.,
selective beta receptor blockers (SBRB) than people with hypertension (elevated blood pressure).
The reason coronary heart disease amplifies the achievable therapeutic response is that SBRB,
besides lowering hypertension, regulates the heart function which is disturbed in people with
coronary heart diseases. Analogously, people with a history of depression benefit mote from
treatment with antidepressants than people who are depressed for the first time. This is because
antidepressants alleviate illness symptoms and prevent recurrence, which is more common in

people with a history of depression.

! The national health insurance in Sweden covers all residents and fully subsidizes pharmaceutical expenditures
exceeding SEK 2200 in out-of-pocket payments (SEK 1800 before 2012) on a 12 month rolling basis.
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3.2 Theoretical framework

Patient adherence to prescribed pharmaceutical treatment regimens are analysed within the
demand-for-health framework. Building on Becker’s human capital model (Becker, 1962),
Grossman developed the demand-for-health framework (Grossman, 1972a, 1972b), which has
become the standard economic model for analysing individual health-related behaviour. Since its
introduction, the demand-for-health model has been extended in various ways; for instance, to
incorporate uncertainty (Dardanoni and Wagstaff, 1987, 1990; Selden, 1993; Chang, 1996; Liljas,
1998, 2000), social capital (Bolin et al., 2003), healthy and unhealthy consumption (Forster, 2001),
the family, instead of the individual, as health producer (Jacobson, 2000; Bolin et al., 2001,
2002b), and the employer as health producer (Bolin et al., 2002c). In short, the demand-for-
health model differentiates health from regular human capital (e.g., education and skills). The
rationale for the distinction is that regular human capital affects labour-market (or non-market)
productivity, while health capital generates healthy time, enabling market participation per se.
Besides this investment aspect, health is also demanded for consumption ie., we enjoy good
health, or put differently, we dislike poor health. Individuals contribute to their health capital
level by producing health investments using means of own time and market goods such as
medical care. The original demand-for-health model and most modifications postulate that the
demand for markets goods entering the health production function derives solely from the
underlying health demand.

Pharmaceutical treatments are a common medical-care good affecting long-term health and
immediate quality-of-life (e.g., pain relief). Therefore, the consumption aspect of pharmaceutical
treatments may also influence the demand. When treatments involve conflicting short- and long-
term objectives (e.g., the treatment increases long-term health at the cost of side-effects lowering
short-term quality of life), the individual may trade long-term health for immediate quality-of-life
gains by using treatment intensities other than the optimal for long-term health. To exemplify,
despite awareness of the consequences for long-term health, people may exceed the
recommended dosage regimen of e.g., strong pain killers for immediate quality-of-life gains; or
the reverse, i.c., people may not follow chemotherapy recommendations because side-effects
immediately lower quality-of-life.

Recent versions of the demand-for-health model incorporate certain health activities that have
non-monotonic health effects (Bolin and Lindgren, 2012; Bolin and Gustafsson, 2014), and
explicitly state that various health behaviors have two distinct intensity levels maximizing short-
term utility and long-term health, respectively (Bolin and Gustafsson, 2014). I follow this
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theoretical line in assuming that pharmaceutical treatment pertains to an intensity level which
maximizes short-term utility or long-term health. Accordingly, consumption aspects of
pharmaceutical utilization also influence the demand for pharmaceutical treatment. The
remaining assumptions follow essential demand-for-health (Grossman, 1972) concepts: (1) the
individual demands health for the positive effect on the amount of healthy time (the investment
motive) (2) the demand for health investments derives from the underlying demand for good
health, (3) the individual produces health investments, and (4) the health-capital stock depreciates
at each point in time.

Given that the prescribed treatment intensity maximizes the treatment effect on long-term
health’, any deviation of the daily dosage regimen results in diminishing health investments.
When treatment side-effects increase proportionally with treatment intensity, no-treatment
pertains to the maximum short-term quality-of-life level. Under these circumstances, the
individual may trade-off long-term health for short-term quality of life gains by using lower
treatment intensities than prescribed. As higher treatment intensities than prescribed result in
diminishing health investments and increasing side-effects, the individual has no motive to
exceed the prescribed treatment regimen.

The size of the achievable health capital investment with a particular pharmaceutical treatment
depends on the health profile of the patient. As individuals with such specific health conditions
may achieve higher treatment benefits than people without such conditions, the marginal cost for
health investment in the particular treatment is higher for the latter group. In other words, the
specific health conditions motivate higher adherence to the prescription, or the reverse, i.c., the
specific health conditions inctease the penalty in terms of forgone health if deviating from the
prescription.

When estimating the link between feasible treatment benefits and adherence, individual
heterogeneity in treatment cost may obscure the link. Thus, ideally, one should adjust for such
heterogeneity that may follow from out-of pocket pharmaceutical expenses and non-monetary
costs such as required time intensity (e.g., travel time, medical consultation and pharmaceutical

management) and disutility costs from e.g. side-effects.

2 Given that prescriptions are correct, it is realistic to assume that perfect adherence to the prescriptions maximizes
the treatments’ long-term health outcomes. In contrast, when pharmaceutical treatments generate immediate quality-
of-life gains at the cost of long-term health, a lower treatment intensity than is prescribed pertains to higher long-
term health.
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3.3 Previous research

Since 1975, the empirical literature has studied the association between adherence and more than
200 variables. These variables, relating to, for instance, characteristics of the patient and the
presctiber, economic factors and pathology factors, do not consistently predict adherence across
studies, i.c., the association varies in magnitude and has opposite signs (Haynes et al., 1997,
Donovan and Blake, 1992, Donovan 1995; Steiner and Vetter, 1994; Marinker, 1997; Haynes et
al,, 1979). Two reasons for inconsistency across studies may be that health behavior is difficult to
predict in general, and the absence of conceptual frameworks that can integrate the results from
different studies and thus contribute to the understanding of adherence behavior, which is
inherently complex (Vermeire et al., 2001).

To understand adherence, the literature mainly applies theories from sociology and
psychology. The commonly used health-belief-model suggests that low disease awareness and
treatment misperception are common barriers to adherence. Yet, specific disease treatment
programs, aiming at increasing adherence by educating patients in self-management, have
moderate effects on long-term adherence (Schroeder et al. 2005; McDonald HP, Garg AX, and
Haynes R 2002). While the health-belief-model may be applicable in some contexts, other models
may be more suitable for explaining long-term adherence behavior.

The empirical literature indicates that adherence reflects treatment benefits and costs and that
it may be suitable for analyses using economic theory. For example, people respond to economic
incentives: Low patient co-payments are associated with higher adherence (Cole et al. 2000;
Gibson, Ozminkowski, and Goetzel, 2005; Eaddy et al., 2012; Dor and Encinosa, 2004); when
co-payments raise, people with low incomes (Stuart and Grana 1998; Smith and Kirking, 1992) or
low treatment benefits (Blais et al., 2001; Pilote et al., 2002) downshift adherence more than high
income people or people with higher treatment benefits; and when financial rewards for
adherence are offered, people become more adherent (Giuffrida and Torgerson 1997). Besides
monetary costs, treatment costs in terms of side-effects also decrease adherence (Lamiraud and
Geoffard, 2007). Regarding education, economic theory suggests that better educated people are
more efficient health producers than the less educated This is consistent with the results from the
Goldman and Smith (2002) study, which demonstrates a positive association between education
and adherence to complex, and essential, diabetes and HIV treatment regimens. Economic
theory may help explain why education may not be positively associated with adherence across
studies. For instance, when regimens are less complex or prescriptions may be substitutable with,
e.g., medical surgery or general life-style changes, people across the socioeconomic strata may be
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more or less likely to undergo non-pharmaceutical procedures, which in turn influences the
necessity of pharmaceutical treatment. Thus, when studying adherence behavior, economic
frameworks may help in identifying important confounders that, uncontrolled for, may obscure
the studied relationship.

So far, the adherence literature applying economic theory is limited. Two of the few studies
are Lamiraud and Geoffard (2007) and Koulayev and colleagues (2013). Lamiraud and Geoffard
use clinical trial data to study adherence to two pharmaceutical HIV treatments with comparable
therapeutic effects. Their results show that internalized treatment benefits and side-effects in one
period affect adherence in the subsequent period. To gain knowledge about factors influencing
adherence to long-term pharmaceutical therapies in out-patient care, we also need to study
adherence in “real-life” practice, where circumstances such as health care information may be less
than ideal. Using dispensed registry data from Denmark, Koulayev and colleagues study long-
term adherence to cardiovascular treatments in real-life practice, but focus on patient-physician
relationships rather than treatment benefits.

Heterogeneity in assessing, measuring and defining adherence also contributes to
inconsistency in the adherence literature (see e.g., Gellad et al., 2009). There are roughly two ways
to measure adherence, direct and indirect measures. When studying long-term adherence
behavior, indirect measures are generally better suited than direct measures. This is because direct
measutes, such as supervising pharmaceutical intake or measuring chemical compounds in the
body, have a positive influence on adherence behavior (i.c., white coat adherence), making the
results difficult to extrapolate outside the study setting. Indirect measures are also imperfect; self-
reported adherence or a pill count (i.e., counting returned tablets at the end of the study petiod)
likely ovetestimates adherence as people may overrate adherence or not return remaining
pharmaceuticals at the end of the study. The availability of national pharmacy registers offers a
unique opportunity to indirectly measure adherence in large population groups unaware of being
observed; thus the results are unflawed by white coat adherence or self-report bias. Although
dispensed pharmaceuticals do not ensure pharmaceutical use, the measure is generally regarded as

a valid proxy for consumed adherence (Vitolins et al., 2000).
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3.4 Pharmaceuticals for treatment of cardiovascular
diseases and mental disorders

Cardiovascular diseases and mental health concerns are prevalent chronic diseases where
adherence to pharmaceutical recommendations is central for treatment success. The selection of
pharmaceutical for treating these chronic conditions represents standardly prescribed
pharmaceuticals for long-term maintenace use, iec., the regimens do not allow “on-demand
usage”. As these pharmaceuticals increase long-term health at the cost of immediate short-term
disutility from e.g. side-effects, the individual has no incentive to use higher treatment intensities
than prescribed. Accordingly, excess pharmaceutical supply likely indicates stockpiling rather than
higher treatment intensity levels than prescribed. Moreover, the simple treatment regimens,
usually once-a-day, minimize heterogeneity in regimen complexity and could interfere with the

results.

Pharmacenticals for cardiovascular diseases
The selection of pharmaceuticals for cardiovascular disease treatment is (1) SBRB: ATC-code
CO07AB, (2) ACE and ARB: ATC-codes CO9A and C09C, and (3) diuretics: ATC-codes CO3.
Prior manifested hypertension and prior manifested heart diseases (e.g. coronary heart disease,
heart failure and stroke) are health conditions specifically increasing the achievable therapeutic
effect with cardiovascular pharmaceutical treatment. Therefore, (1) following treatment
recommendations is more beneficial for people with prior manifested hypertension than people
without cardiovascular illness history, and (i) following treatment recommendations is even more
beneficial for people with manifested heart diseases than people without cardiovascular illness
history. The reason cardiovascular history affects achievable treatment benefit is that
hypertension is a chronic condition that makes the cardiovascular system more and more
vulnerable to coronary heart disease over time. When a coronary heart disease manifests itself,
the heart function is already hampered and even more vulnerable. The pharmaceutical used in
cardiovascular disease treatment alleviates hypertension and protects the heart function.
Individual heterogeneity in cardiovascular history enables me to analyze the link between
adherence and achievable treatment benefit. To control for pharmaceutical specific side-effects
diminishing short-term quality-of-life, SBRB, ACE/ARB and diuretics are analyzed separately.
Because the cardiovascular disease patterns differ between men and women (e.g., disease onset
and the infarction risk is generally higher for men than women (Lerner and Kannel, 1986)), they

are analyzed separately.
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Pharmacenticals for mental disorders

For treatment of mental health concerns (e.g., generalized anxiety, depression, obsessive or
compulsive behaviors), all antidepressants (ATC-code NOGA) are selected. The specific health
conditions, ptrior manifested anxiety and mental illness history increase the achievable long-term
health effect with antidepressants. For people with mental health concerns, antidepressants may
improve the mood and feeling of well-being. As antidepressants also alleviate anxiety and anxiety
feeling commonly co-exist with depression, (1) people with manifested anxiety feelings benefit
more from antidepressants than people with previous good mental health. Once symptoms are
controlled, staying on treatment prevents illness recurrence. As depression is highly recurrent,
and people with mental illness history have a higher risk of recurrence, (2) people with mental
illness history benefit more from adhering to antidepressant treatments than people with previous
good mental health.

Individual heterogeneity in mental illness history enables an analysis of the link between
adherence and achievable treatment benefit. As antidepressants have comparable clinical
therapeutic effects (e.g. see NICE 2004; CCOHTA 1997), they are jointly analyzed. Men and
women are also analyzed separately because of potential differences in illness recurrence and

health seeking behavior.

Pharmacentical regulations
The selection of pharmaceuticals for analyses is prescription-only pharmaceuticals, which are
exclusively dispensed by pharmacies in Sweden. When treatments are intended for long-term
usage, physicians usually issue a prescription card entitling the patient a pharmaceutical supply for
12 months. However, for insurance coverage, the rules of the national health insurance permit
each dispensing to cover a pharmaceutical supply for three months at most. Given a supply for
three months has been dispensed, a new dispensing of pharmaceuticals is allowed after a two-
month period has elapsed. Each insurance spell lasts 12 months and the level of reimbursement
is a function of the accumulated out-of pocket payment for prescription pharmaceuticals. When
the SEK 2,200 payment cap (SEK 1,800 before 2012) is reached, the individual receives full
reimbursement for the remainder of the 12 month insurance period. Thus the rules of the
insurance system introduce economic incentives to stockpile pharmaceuticals.

Therefore, in studies where dispensed adherence proxies consumed adherence, researchers

must be aware of the risk of overestimating adherence following from stockpiling. Due to the
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national health insurance rules in Swedish, people may stockpile pharmaceuticals when
reimbursement is high, and then consume from the stock when reimbursement is low again. i.c.,
when facing a new insurance spell. Thus, I measure adherence for 18 months, which, by spanning
more than one reimbursement spell, reduces the stockpiling-induced bias.

Excess pharmaceutical supply does not always imply stockpiling. For pharmaceuticals with
desirable short-term utility gains such as tranquilizers or opioids, excess supply may reflect higher
treatment intensities than prescribed. For this reason, dispensed adherence may be a more
reliable proxy for consumed adherence when the pharmaceutical properties per se. discourage

patients from exceeding the prescribed treatment intensity.

3.5 Data, variables and model specification

Data

The empirical analysis uses the database Health and Individuals. Longitudinal Data and When
dispensed pharmaceuticals proxy the consumed amount, delay in time from dispensing to usage
induces uncertainty. As stockpiling induces substantial delay in usage, or non-usage, an 18-month
adherence is used to minimize uncertainty from stockpiling for two reasons. First, as the
reimbursement period lasts 12 months, individuals with stockpiled pharmaceuticals are likely to
consume from the stock before purchasing more initially unreimbursed pharmaceuticals. Second,
as a prescription card is valid for 12 months and at most for a 12-month pharmaceutical supply,
individuals need to renew their prescriptions to obtain pharmaceuticals for more than 12 months.
This implies that people who have stockpiled pharmaceuticals, but do not continue their
treatment, are less likely to be misclassified as adherents than in studies using shorter track
periods. Because patient co-payment is a function of accumulated pharmaceutical out-of pocket
spending, co-payment is highly correlated with adherence. Thus, I refrain from including co-
payment in the analysis. By restricting the study population to individuals with a pharmaceutical
dispensed before June 2006, 1 can follow individuals through 18 months. Starting from a
baseline, which defines the date of the individual’s initial dispensing, and thus varies across
individuals, I track dispensed pharmaceuticals for each individual, i.c., someone with an initial
dispensed pharmaceutical in June 2005 is followed through November 2006.

Analysis contains the Swedish biannual Survey of Living Conditions (ULF) waves 1980-1981,
1988-1989, 1996-1997 and 204-2005. Each wave interviews a nationally representative sample of
approximately 16 000 people aged 16-84 with an average response rate of 80-85%. The survey
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asks questions about living conditions, health and socioeconomic circumstances (e.g., educational
level and labour market participation) and complements answers with register data on, for
instance, income, tax transfers and in-patient hospitalization. Furthermore, respondents in wave
2004-2005 are linked to the Swedish Prescribed Pharmacy Register (SPPR) for the period July
2005 through November 2007. From July 2005 onwards, the nation-wide SPPR registers include
personal identification numbers in addition to detailed information on all prescribed and
dispensed pharmaceuticals in out-patient care in Sweden. The information includes such things as
dispensed date and amount, the individual’s unique prescribed dosage regimen and the
pharmaceutical’s Anatomical Therapeutic Chemical code (ATC) (for more details of the register
see e.g., Wettermark et al., (2007)). The ATC-code groups pharmaceuticals according to the main
active substance and its therapeutic, pharmacological and chemical properties (for more details,
see WHO, 2012).

Using cross-sectional data on respondents in the ULF 2004-2005, I control for individual
characteristics that may affect adherence behavior. As the morbidity pattern may vary between
young-adults and older individuals, 1 exclude individuals younger than 30. In some cases,
prescriptions are used for conditions other than long-term treatment of cardiovascular diseases
and mental illness . Therefore, I exclude individuals with prescriptions where the dosage regimens
permit on-demand usage, or state usage for treatment of illness other than long-term
cardiovascular or mental illness. These criterions generate the following samples; SBRB (men:
n=451 and women: n=513), ACE/ARB (men: n=385 and women: n=362), diuretics (men:
n=257 and women: n=371) and antidepressants (men: n=178 and women: n=3068).

T use the individually prescribed daily dosage regimens and dispensed pharmaceuticals to
calculate the number of dispensed daily doses and assess the 18-month medication position
ration (MPR), which denotes the percentage of days with pharmaceutical supply during an 18-
month period. When dispensed pharmaceuticals exceed an 18-month supply, MPR takes on
values greater than 100. Recall that treatment intensities higher than prescribed may diminish the
treatment effect in the long term and induce more side effects. Hence, as MPR=100 more likely
reflects stockpiling than excess consumption, it is reasonable to define individuals with

MPR=100 as perfectly adherent.

Dependent variables
I use three adherence measures: (1) MPR, which is a continuous variable ranging from 0 to 100,

(2) perfectly adherent, which is a dummy variable taking the value one if MPR=100 and zero
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otherwise and, (3) sufficiently adherent, which is a dummy variable taking the value 1 if MPR
>80° and zero otherwise. (see Appendix B for the distribution of the untruncated MPR)

Main variables of interest

The main variables of interest ate the treatment-specific health conditions enhancing the
achievable therapeutic effect: Prior manifested hypertension or heart disease for pharmaceuticals
for cardiovascular treatment, and a prior manifested anxiety or mental illness history for
treatments with antidepressants. The main variables are specified as follows;

Hypertension and Heart disease are mutually exclusive dummy variables. Heatt disease takes
on the value one if the respondent reports a condition matching WHO’s international
Classification of Diseases, Ninth Revision (ICD-9), in the interval 410.0-429.9 (e.g., myocardial
infarction, ischemic heart disease, pulmonary circulation disecase) and O otherwise. For
respondents without heart disease, Hypertension takes on the value one if the respondent reports
a condition matching WHO’s ICD-9 in the interval 401.0-405.9, (i.e., hypertension), and 0
otherwise.

Mental disorder and Anxiety are mutually exclusive dummy variables. Mental disorder takes
on the value one if the respondent reports a condition matching WHO’s ICD-9 in the interval
290.0-316.9 (e.g., depression and psychotic disorder), and 0 otherwise. For respondents without a
mental disorder, Anxiety takes on the value one if the respondent reports worry or anxiety, and 0
otherwise.

The demand-for-health model postulates that age, general health, demographical and
socioeconomic chatacteristics influence health behavior. To estimate the association between
adherence and achievable therapeutic outcome, the empirical model includes a wide range of
variables that may influence adherence behavior (see Appendix A for a detailed description of the

control variables).

Empirical method and model specification
The association between MPR and specific health conditions is estimated with Ordinary Least
Square (OLS) models and “trimming” OLS models. The association between specific health

conditions and the perfect adherence and sufficient adherence measures is estimated with probit

3 A cut-off point of 80 per cent is commonly used in adherence studies (see e.g. the Gellad et al 2009 review), and
regarded as clinically relevant for predicting subsequent hospitalization in chronic diseases such as cardiovascular
discases (Karve et al 2009)
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models using the Huber/White/sandwich estimate of variance to generate robust standard
errofs.
To analyse the association between specific health conditions and adherence to prescribed

medical regimen, the empirical model is specified as follows:

VI, > 0=a+ BX,

it—1

tV e M

where, y; measures 18-month adherence to pharmaceutical j for individual i at time period t (July
2005 to November 2007) conditional on dispensing in t (July 2005 to May 2006). X; is a vector
of specific health-related conditions enhancing the achievable health benefit with pharmaceutical
treatments. The Z; vector contains personal chatracteristics variables that may influence the net
treatment benefit, such as general health variables (e.g., age, hospitalization, self-care ability,
respiratory disorder, neurological disorder, pain, diabetes, weight, and smoking status),
socioeconomic variables (e.g., education level, full-time work, disposable household income and
experience of financial stress), demographical variables (e.g., immigration status, marital and
cohabiting status, living in a large city, county and having a child or children in the household).

As side-effects are mainly treatment-specific, I estimate the pharmaceutical classes separately.
The time used for following the pharmaceutical regimens is minimal, physicians typically issue a
prescription card entitling the patient to a 12-month pharmaceutical supply and the medication
regimen is simple (usually once-a-day). As access and travel time to health care centers and
pharmacies may vary between counties, I use county fixed effects in all regressions. In Sweden,
patient out-of-pocket payments for prescriptions are moderate, and annual expenditures
exceeding SEK 2200 (SEK 1800 before 2012) are fully reimbursed. As current out-of-pocket
payment reflects adherence behavior, I refrain from including pharmaceutical out-of-pocket

expenditures. Random variation is captured in the error term ¢,. The OLS and the probit model

use the Huber/White/sandwich estimate of variance to produce robust standard errors.

3.6. Results

The descriptive statistics for the dependent variable are shown in table 1 (see appendix 3B for the
distribution of adherence). About 50 percent of the men and women are less than perfectly

adherent. The exact figure varies between treatments and is 60 per cent for antidepressants in
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men and women and 46 per cent and 43 per cent for SBRB in men respectively women. The
regression estimates (using eq 1) for pharmaceuticals used in cardiovascular disease treatment are
shown in tables 3 to 7, and antidepressants for mental health conditions are shown in tables 8
and 9. The placebo test results, estimating the link between adherence to SBRB and health
conditions specifically modifying the therapeutic effect of antidepressants, are shown in tables 10
and 11. As the OLS results are in line with the probit results and the clinical relevance of the
probit estimates has more straightforward interpretation than the OLS estimates (e.g., the clinical
effect of 7 per cent more adherence depends on the ultimate adherence level), I focus on the

probit results.

Table 1: Descriptive statistics for men and women

Men
MPR (mean) MPR=80% MPR=100% No. of obs.
SBRB 87% 79% 54% 451
ACE/ARB 86% 55% 41% 358
Diuretics 81% 67% 47% 251
Antidepressants 67% 58% 40% 178
Women
MPR (mean) MPR=80% MPR=100% No. of obs.
SBRB 84% 76% 57% 513
ACE/ARB 83% 7% 58% 302
Diuretics 81% 67% 48% 373
Antidepressants 1% 59% 40% 368

3.6.1 Cardiovascular treatment

SBRB

As expected, the results in tables 2 and 3 show that specific health conditions, prior manifested
hypertension and heart disease respectively, are positively associated with adherence to SBRB in
men and women. For men, table 1 (columns 5 and 7) shows that (i) men with manifested heart
disease are 16 per cent more likely to be sufficiently adherent than men without cardiovascular
history, and (ii) men with prior manifested heart disease are 15 per cent more likely to be
sufficiently adherent or 16 per cent more likely to be perfectly adherent. The perfectly adherent

measure is informative as it illustrates that men with manifested heart disease, but not men with
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prior manifested hypertension only, are more likely to be perfectly adherent than men without
prior cardiovascular history.

Table 3 for women discloses the same pattern: (i) women with prior manifested hypertension
are 17 per cent more likely to be sufficiently adherent or 12 per cent more likely to be perfectly
adherent than women without cardiovascular history, and (ii) women with prior manifested heart
disease are 13 per cent more likely to be sufficiently adherent or 15 per cent more likely to be
perfectly adherent than women without cardiovascular history.

Interestingly, self-care ability is negatively associated with adherence in men, but positively
associated for women, and marital status matters for adherence in men but not in women (. A
possible explanation for these results may be that women supervise their husbands’ prescriptions
and possibly more so if the husband has self-care deficiencies.

Table 2: Adherence to selective beta receptor blockers (SBRB) in men

Average marginal effects (A.M.E.) on 18-month adherence measured as Medication Position Ration (MPR), the probability of
being perfectly (MPR=100) and sufficiently adherent (MPR=80). Heteroscedasticity robust standard errors in parentheses.

n (2) (3) 4 (5) (6) (7
OLS OLS OLS§Trimmed Probit Probit Probit Probit
VARIABLES MPR MPR MPR Pr Pr Pr Pr
[0-100] [0-100] [0-100] (MPR=100)  (MPR=100)  (MPR=80)  (MPR=80)
No cardiovascular history Reference
Hypertension 12.85%%F  12,78%%* 14.52%%% 0.08 0.09 0.16%%* 0.16%+*
(3.44) (3.47) (3.80) (0.06) (0.06) (0.04) (0.04)
Heart disease 13.96%%F  13,78%%* 15.05%%* 0.16%+* 0.16%+* 0.15%% 0.15%%
(3.29) (3.39) (3.71) (0.06) (0.06) (0.04) (0.04)
Control for health and education Yes Yes Yes Yes Yes Yes Yes
control for demographics and socioeconomics No Yes Yes No Yes No Yes
No. of observations 451 451 405 448 448 451 451
0.18 0.19 0.19

R-squared
Note: All regressions control for county fixed effects. *** p<0.01, ** p<0.05, * p<0.1. See appendix C, table C2 for
full results.

Table 3: Adherence to selective beta receptor blockers (SBRB) in women
Average marginal effects (A.M.E.) on 18-month adherence measured as Medication Position Ration (MPR), the probability of
being perfectly (MPR=100) and sufficiently adherent (MPR=80). Heteroscedasticity robust standard errors in parentheses.

(1) (2) (3) 4 (5) (6) (7
OLS OLS OLSTrimmed Probit Probit Probit Probit
VARIABLES MPR MPR MPR Pr Pr Pr Pr
[0-100] [0-100] [0-100] (MPR=100)  (MPR=100)  (MPR=80)  (MPR=80)
No cardiovascnlar history Reference
Hypertension 13.07%%F 12,4670 12.85%% 0.13%* 0.12%% 0.18%%* 0.7+
(3.06) (3.09) (3.18) (0.05) (0.05) (0.04) (0.04)
Heart disease 12,0200k 11,50+ 12,32 0.15%* 0.15%* 0.14%% 0.13%*
(3.59) (3.64) (3.77) 0.07) 0.07) (0.05) (0.05)
Control for health and education Yes Yes Yes Yes Yes Yes Yes
control for demographics and socioeconomics No Yes Yes No Yes No Yes
No. of observations 513 513 493 512 512 512 512
0.12 0.13 0.13

R-squared

Note: All regressions control for county fixed effects. *** p<0.01, ** p<0.05, * p<0.1 See appendix C, table C3 for full results.
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ACE inbibitors and ARBs

Once again, the specific health conditions are positively associated with adherence to ACE/ARB
in men (table 4). Compared to men without cardiovascular history, column 7 shows that (i) men
with prior manifested hypertension are 16 per cent more likely to be sufficiently adherent and, (ii)
men with prior manifested heart disease are 18 per cent more likely to be sufficiently adherent or
13 per cent more likely to be perfectly adherent. Inconsistently, table 4 for women reveals no
positive association between adherence and the specific health condition.

Turning to the ARB-dummy, the parameter estimate is insignificant for both men and women,
i.e., there is no difference in adherence to ACE inhibitors and ARBs. This result is expected as

these pharmaceuticals have almost identical therapeutic and side-effect profiles®.

Table 4: Adherence to ACE-inhibitors (ACE) and angiotensin receptor blockers (ARB) in men

Average marginal effects (A.M.E.) on 18-month adherence measured as Medication Position Ration (MPR), the probability of
being perfectly adherent (MPR=>100) and sufficiently adherent (MPR=80). Heteroscedasticity robust standard errors in
parentheses.

Y (2) (3) 4 (5) (6) @)
OLS OLS OLSTrimmed Probit Probit Probit Probit
VARIABLES MPR - MPR MPR Pr Pr Pr Pr
[0-100]  [0-100] [0-100] (MPR>100) MPR=100  (MPR=80)  (MPR>80)
No cardiovascular history Reference
Hypertension 11.12%%F 10.60%0%* 10.47%%k 0.10 0.10 0.16%%* 0.16%%*
(3.96) (3.90) (3.97) (0.06) (0.06) (0.05) (0.05)
Heart disease 13.30%%F 12,950 14.03%%* 0.14% 0.13* 0.19%% 0.18%#*
(4.18) (4.19) (4.41) 0.07) 0.07) (0.06) (0.06)
ACE Reference
ARB -1.17 -0.69 -0.98 -0.05 -0.02 -0.04 -0.03
(2.91) (2.90) (3.07) (0.05) (0.05) (0.05) (0.05)
Control for health and education Yes Yes Yes Yes Yes Yes Yes
control for demographics and socioeconomics No Yes Yes No Yes No Yes
No. of observations 358 358 336 354 354 342 342
R-squared 0.15 0.17 0.17

Note: All regressions control for county fixed effects. *** p<0.01, ** p<0.05, * p<0.1. See appendix C, table C4 for
full results.

4 The main difference between ACE inhibitors and ARBs and is that ARBs do not produce dry cough. As the
prescribing of ARBs in Sweden is restricted to patients who have experienced dry cough with ACE, treatment
benefits and side-effects are comparable in people with ACE and ARB.

47



Chapter 3

Table 5: Adherence to ACE-inhibitors (ACE) and angiotensin receptor blockers (ARB) in women
Average marginal effects (A.M.E.) on 18-month adherence measured as Medication Position Ration (MPR), the probability of
being perfectly adherent (MPR=100) and sufficiently adherent (MPR=80). Heteroscedasticity robust standard errors in
parentheses.

n (2) (3) 4 (5) (6) (7
OLS OLsS OLSTrimmed Probit Probit Probit Probit
MPR MPR MPR Pr Pr Pr Pr
VARIABLES [0-100] [0-100] [0-100] (MPR>100)  (MPR=100)  (MPR=80)  (MPR=80)
No cardiovascnlar history Reference
Hypertension -3.76 -3.98 -4.52 -0.05 -0.05 -0.08 -0.09
(3.73) (3.83) (4.10) 0.07) (0.06) (0.06) (0.06)
Heart disease -0.59 -1.05 -1.32 -0.01 -0.01 -0.01 -0.02
(5.15) (5.13) (6.01) (0.09) (0.09) (0.08) (0.08)
ACE Reference
ARB 0.64 0.08 0.69 -0.01 -0.02 0.03 0.03
(3.37) (3.49) (3.81) (0.06) (0.06) (0.05) (0.05)
Control for health and education Yes Yes Yes Yes Yes Yes Yes
control for demographics and socioeconomics No Yes Yes No Yes No Yes
No. of observations 302 302 278 301 301 294 294
R-squared 0.13 0.17 0.16

Note: All regressions control for county fixed effects. *** p<0.01, ** p<0.05, * p<0.1 See appendix C, ta