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Summary

The present dissertation contributes to the health economic literature that evaluates
prevention programs and quantifies the costs of obesity. The dissertation consists of three
separate research papers on the costs and benefits of type-2 diabetes prevention and the
health care costs caused by overweight and obesity. The common thread of all three papers
is the question of how obesity and health consequences associated with it affect the public
health care system in general. The first two papers are more closely related, as both studies
share the same methodology in evaluating the cost savings of diabetes prevention. The
focus of the third research paper is broader and aims at calculating the overall health care

costs associated with obesity and physical inactivity.

The thesis is organized as follows: The introductory first chapter provides a review of the
literature pertinent to all three research papers of the thesis. The second chapter introduces
the Markov model framework developed to simulate the long-term costs of type-2 diabetes
based on initial weight changes in course of an intervention. The model is used to quantify
the costs savings of a diabetes prevention program in Finland. In the third chapter we
evaluate the consequences of a lifestyle intervention reimbursed by German sickness funds
on the health situation of obese individuals. An adaption of the model developed in detail
in the second chapter is employed to quantify the cost savings of weight reductions in the
prevention program. The fourth chapter analyses the health care costs caused by
overweight and obesity. Additionally, the costs of lifestyle choices in interaction with

obesity are quantified.

The second chapter is a joint work with Nelli Hankonen (University of Helsinki) and
Pilvikki Absetz (National Institute for Health and Welfare (THL), Helsinki). In this study,
we provide one of the first economic evaluations of a diabetes prevention program in a
real-world setting. We analyze the costs savings of a specific type-2 diabetes prevention

program in Finland, the Good Ageing in Lahti Region Lifestyle Implementation Trial
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(GOAL LIT) that targets individuals with a moderate risk for diabetes. Compared to the
intervention evaluated in the third chapter, the present program has a shorter duration and
the intervention costs are lower. Moreover, it addresses a larger population, not only

heavily obese people.

We first develop a Markov model with five mutually exclusive states and discrete one-year
intervals to simulate the health consequences of the intervention over a time horizon of 15
years. Based on the three-year follow-up data from the intervention group and a risk factor
matched control group from the same region, we compute annual transition probabilities
between BMI levels. The Markov simulation allows us to trace the effects of the
intervention on mortality and the prevalence of diabetes as well as costs of diabetes. The
mortality differences between intervention group and control group after 15 years are
insignificant for both males and females. Projected cumulative costs of diabetes for both
sexes are significantly lower in the intervention group compared to control group. The cost
savings due to the intervention depends on the assumed degree of complications caused by
diabetes. To gain a better understanding of the effects of the intervention, we evaluate the
gender subgroups of the sample. We find for an all-male intervention group that net cost
savings are positive for all realistic annual complication rates, while on the other hand, the
net cost savings for the females remain negative. The GOAL LIT would also be cost
saving from the perspective of a sickness fund, if the program was conducted in a
representative Finnish population, with lower cost savings following the intervention’s

reduction in the prevalence of diabetes in relation to the control group.

We are not able to show any effects of the intervention regarding overall mortality.
However, our framework only focuses on one obesity-related disease and thus tends to
underestimate the cost savings as well as potential benefits from decreased mortality. The
central contribution of the chapter lies in the conclusion that a type-2 diabetes prevention
program addressing the general public like the GOAL LIT can pay for itself. The potential
effects of cost reduction mainly result from reductions achieved by male participants;

nevertheless, the positive impact remains notable in a representative population.

The third chapter examines the controversial question of whether primary type-2 diabetes

prevention programs can be a cost saving strategy for coping with the growing rates of
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obesity observed in the Western countries. This chapter is a joint work with Friedrich
Breyer. The analyses are based on obese participants of the M.O.B.LL.LS. lifestyle
intervention to reduce obesity in Germany, which is promoted and reimbursed by public
health insurance. The main contribution is the use of four-year follow-up data on the
intervention group and a comparison with an artificial control group as inputs in a Markov
model of the long-term cost reduction of this intervention due to prevention of type-2
diabetes. We suggest that such a public diabetes prevention intervention can be beneficial
from the perspective of a health insurance, as the long-term reductions in the costs of

delayed or prevented diabetes are significantly higher than the program fees.

In particular, the progression of the participant’s Body-Mass-Index (BMI) from the start of
the intervention to completion of the program and then to the follow-up is used as the key
factor in the simulation of the prevalence of diabetes. The control group entering the same
Markov model consists of individuals from the German socio-economic panel (SOEP) and
is matched according to individual characteristics before the intervention. The applied
Markov simulation model is an adaptation to the study-specific population of the model
developed for the analyses in Chapter 2, and is used to project the prevalence and the costs
of diabetes. We provide evidence that a 12-month preventive intervention can reduce the
prevalence of diabetes even 20 years later compared to a population that was comparable at
the beginning. Accounting for the immense costs of possible complications associated with
diabetes, the discounted costs of the illness that can be saved by the intervention are far
more than the initial costs of the intervention. The positive net cost savings of the study
indicate that lifestyle changing prevention programs addressing heavily obese people may
pay for themselves in the long run. In other words, the M.O.B.L.L.L.S. program can contain

the burden of obesity that non obese face in the public health insurance system.

The fourth chapter studies the interaction of obesity and lifestyle behaviors in the
explanation of health care utilization and health care costs. While numerous empirical
studies reported increased health care expenditures resulting from obesity and associated
diseases, evidence regarding the economic impact of lifestyle behaviors on obesity is
scarce. This study contributes to this strand of research by analyzing the interaction of

obesity, nutrition and physical activity based on a community level dataset from a small
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German city. The ‘Bad Schonborn survey’ employed is advantageous because it includes a
population that was under surveillance by the same lifestyle study for over 20 years; hence,
the population exhibits an above average health consciousness. This is reflected by the
health-related lifestyle choices, which are of interest for the present study. Thus, the
findings of the chapter are a benchmark for possible health care cost reductions by way of

a healthy lifestyle.

In a first step, the analysis focuses on the utilization of health care services, in particular
general practitioners (G.P.) services and inpatient hospital services. In addition to the
expected convex effects of age for the utilization of both services, the results indicate that
BMI and physical inactivity have independent influence in the hurdle model for G.P. visits
as well as in the Logit model for hospitalization. The study explores in a second step the
consequences for health care costs in a GLM model with log link and gamma distribution.
The key finding of this model is that health care costs increase due to physical inactivity
independent of the individual’s BMI level. The results also confirm that compared to
individuals of normal weight, the medical costs of overweight and obese people are
significantly increased. Surprisingly, neither the intensity of an individual’s physical
activity nor his or her nutritional choices influence utilization or health care costs. Upon
closer consideration of the subgroups of overweight individuals and obese individuals,
physical activity does not reduce health care costs for the latter, while those who are
simply overweight and exercise at least once per week have decreased medical costs

compared to inactive overweight individuals.
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Zusammenfassung

Die vorliegende Dissertation leistet einen Beitrag zur gesundheitsokonomischen Literatur
im Bereich der Evaluation von Priventionsprogrammen und der Bestimmung der
Krankheitskosten von Adipositas. Die Dissertation besteht aus drei eigenstidndigen
Forschungsarbeiten, die sich mit Kosten und Nutzen der Privention von Typ-2 Diabetes
und den Krankheitskosten von Ubergewicht und Adipositas beschiftigen. Gemeinsam ist
allen drei Arbeiten, dass sie die okonomischen Konsequenzen der Adipositas aus der
Perspektive des offentlichen Gesundheitssystems beleuchten. Die ersten beiden Arbeiten
verbindet die gleiche methodische Herangehensweise in der Evaluation der Kosten-
Effektivitidt von Diabetes Priventionsmafnahmen. Der Fokus der dritten Forschungsarbeit
ist hingegen weiter und liegt auf den generellen Gesundheitskosten in Folge von

Adipositas und Bewegungsmangel.

Die Arbeit ist wie folgt gegliedert: Das einleitende erste Kapitel liefert eine Ubersicht der
Fachliteratur, die mit allen drei Forschungspapieren im Zusammenhang steht. Im zweiten
Kapitel wird der Rahmen des Markov Modells eingefiihrt, das entwickelt wurde um die
langfristigen Kosten des Typ-2 Diabetes auf Grundlage der urspriinglich durch eine
Intervention erzielten Gewichtsidnderungen zu simulieren. Das Modell dient im Anschluss
als Basis zur Quantifizierung der Kosten und des Nutzens eines Diabetes
Praventionsprogramms in Finnland. Im dritten Kapitel bewerten wir die Auswirkungen
einer Intervention, deren Kosten von den deutschen Krankenkassen erstattet werden, die
auf die Beeinflussung des Lebensstils adipdser Menschen abzielt. Eine angepasste Version
des Modells, das in Kapitel zwei ausfiihrlich beschrieben wurde, wird verwendet um die
Vorteile von Gewichtsverlusten in Folge eines Priventionsprogramms zu beziffern. Das
vierte Kapitel untersucht die Belastungen des gesamten Gesundheitssystems, die durch
Ubergewicht und Adipositas verursacht werden. Zusitzlich dazu werden die durch
verschiedene Lebensweisen verursachten Kosten unter Einbeziehung der Adipositas

analysiert.
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Das zweite Kapitel ist eine Gemeinschaftsarbeit mit Nelli Hankonen (University of
Helsinki) und Pilvikki Absetz (National Institute for Health and Welfare (THL), Helsinki).
Mit dieser Studie liefern wir eine der ersten 6konomischen Bewertungen eines Diabetes
Praventionsprogramms mit einer lebensnahen Umsetzung. Der Good Ageing in Lahti
Region Lifestyle Implementation Trial (GOAL LIT) richtet sich an Personen mit einem
moderaten Diabetesrisiko in Finnland. Im Vergleich zur in Kapitel eins evaluierten
Intervention ist dieses Programm wesentlich kiirzer, giinstiger in der Durchfithrung und es

wird ein wesentlich grolerer Bevolkerungsteil angesprochen.

Zu Beginn entwickeln wir ein Markov Modell mit fiinf sich gegenseitig ausschlieBenden
Zustanden und diskreten jdhrlichen Zeitintervallen, um die Gesundheitsfolgen der
Intervention iiber einen Zeithorizont von 15 Jahren zu simulieren. Auf Grundlage eines 3-
Jahres Follow-Ups in der Interventionsgruppe und mit Hilfe einer hinsichtlich der
Risikofaktoren angepassten Kontrollgruppe berechnen wir jihrliche Ubergangsraten
zwischen verschiedenen BMI-Klassen. Die Simulation des Markov Modells ermdoglicht es,
die Auswirkungen der Intervention auf die Mortalitdt und die Diabetespridvalenz als auch
auf die Kosten des Diabetes zu verfolgen. Unterschiede beziiglich der Mortalitédt zwischen
der Interventions- und der Kontrollgruppe sind nach 15 Jahren weder fiir Médnner noch fiir
Frauen feststellbar. Die berechneten kumulativen Kosten des Diabetes liegen jedoch fiir
beide Geschlechter in der Interventionsgruppe signifikant unter denen der Kontrollgruppe.
Die Kosten-Effektivitit der MaBnahme héngt im Folgenden von der angenommenen Stéirke
der durch Diabetes verursachten Komplikationen ab. Um die Auswirkungen der
Intervention besser zu verstehen, betrachten wir die beiden Geschlechter getrennt
voneinander. Fiir die nur aus Minnern bestehende Untergruppe ergibt sich fiir alle
realistischen Komplikationsraten ein positive Nettokosten Ersparnis durch die Intervention,
wihrend andererseits fiir die rein weibliche Gruppe die urspriinglichen Kosten der
Intervention die spiteren Vorteile iiberwiegen. In einer fiir Finnland reprédsentativen
Gruppe wire GOAL LIT aus Sicht einer Krankenkasse ebenso kostensenkend, wobei die
Kosteneinsparungen durch die verringerte Diabetes-Privalenz im Vergleich zu einer

Kontrollgruppe niedriger ausfallen wiirden.

Im Gegensatz dazu konnen wir in Bezug auf die Sterblichkeit keine Auswirkungen der

Intervention feststellen. Jedoch ist unser Modellrahmen auf nur eine der mit Adipositas

13
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assoziierten Krankheiten beschrinkt und deshalb werden wahrscheinlich sowohl
Kosteneinsparungen als auch mogliche Mortalititsreduktionen unterschitzt. Der zentrale
Beitrag des Kapitels besteht in der Feststellung, dass Priaventionsprogramme fiir Typ-2
Diabetes, die wie GOAL LIT breite Bevolkerungsschichten ansprechen, kostensenkend
sein konnen. Obwohl die konstatierten Kostenvorteile in erster Linie fiir minnliche
Teilnehmer entstanden sind, bleibt der positive Effekt auch in einer gemischten Gruppe

erhalten.

Kapitel drei beleuchtet die strittige Frage, ob Angebote zur Primarprivention des Typ-2
Diabetes eine kosten-effektive Strategie sein konnen, um den wachsenden Anteil Adiposer
in der Gesamtbevolkerung zu beschrinken, den man in der gesamten westlichen Welt
beobachtet. Dieses Kapitel ist in gemeinsamer Arbeit mit Friedrich Breyer entstanden. Die
vorgenommenen Untersuchungen beruhen auf den adiposen Teilnehmern der deutschen
M.O.B.LL.L.S. Lebensstil-Intervention zur Reduktion von Adipositas. Eine Besonderheit
dieser Pridventionsmafinahme liegt in der Kosteniibernahme durch die gesetzlichen
Krankenkassen. Der wichtigste Beitrag der Arbeit besteht in der Verwendung von Daten
aus einer 4-Jahres Follow-Up Erhebung der Interventionsgruppe und dem Vergleich mit
einer Kontrollgruppe als Einflussfaktoren in einem Markov Modell zur Ermittlung des
langfristigen Nutzens dieser Intervention auf Grund von vermiedenen Diabetes-Fillen. Wir
kommen zu dem Schluss, dass ein solches 6ffentliches Diabetes Priventionsprogramm aus
Sicht einer Krankenkasse vorteilhaft sein kann, da die langfristigen Kostenreduktionen
durch Vermeidung des Diabetes oder spiteren Krankheitsbeginn iiber den Kosten der

Intervention liegen.

Die entscheidende Grofle fiir die Markov Simulation der Diabetes-Privalenz ergibt sich
aus der Entwicklung des Body-Mass-Index (BMI) der Teilnehmer zwischen
Programmbeginn, dem Ende der Intervention und zum Zeitpunkt der Follow-Up Erhebung.
Die im gleichen Markov Modell betrachtete Kontrollgruppe besteht aus einer Teilgruppe
des SOEP Datensatzes und wurde entsprechend individueller Merkmale vor Beginn der
Intervention gematched. Das zur Simulation der Diabetes-Priavalenz und der Kosten
verwendete Markov Modell ist eine an die untersuchten Personen angepasste Version des

fiir die Analysen in Kapitel 2 entwickelten Rahmens. Wir erbringen den Nachweis, dass

14
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eine 12-monatige priventive Manahme die Privalenz des Diabetes, im Vergleich zu einer
vorher identischen nicht behandelten Bevolkerungsgruppe auch nach 20 Jahren
entscheidend verringern kann. Nach Einbeziehung der immensen Kosten durch mogliche
Komplikationen liegen die diskontierten Einsparungen durch die Intervention iiber den
urspriinglichen Kosten des Programms. Die Ergebnisse der Studie deuten darauf hin, dass
sich lebensstilandernde Pridventionsprogramme die sich an schwer adipose Menschen
richten auf lange Sicht selbst tragen. In anderen Worten konnen durch ein Programm wie
M.O.B.IL.L'S. die Ausgaben der gesetzlichen Krankenversicherung fiir Adipositas

reduziert werden.

Das vierte Kapitel beleuchtet das Zusammenspiel von Adipositas und Lebensstil-Fragen
bei der Erkldrung von Inanspruchnahme und Kosten von Gesundheitsleistungen. Die
Verbindung von Adipositas mit etlichen Erkrankungen und daraus resultierend erhohte
Gesundheitsausgaben im Vergleich zur normalgewichtigen Bevolkerung wurden in
zahlreiche empirische Studien belegt. Hinsichtlich der mit Adipositas assoziierten
Lebensweisen sind die Nachweise von Auswirkungen auf die Gesundheitskosten
andererseits begrenzt. Die vorliegende Studie leistet durch die Analyse der
Wechselwirkungen von Adipositas, Erndhrungsverhalten und korperlicher Aktivitit einen
Beitrag auf diesem Forschungsgebiet. Die Analyse basiert auf Daten einer einzelnen
kleinstadtischen Kommune in Deutschland. Der Datensatz der ,,Bad Schonborn Studie* hat
den Vorteil, dass die Individuen durch die {iiber 20-jdhrige Lebensstilstudie ein
tiberdurchschnittliches Gesundheitsbewusstsein aufweisen. Dies spiegelt sich auch
insbesondere in den fiir die untersuchten Fragen entscheidenden Verhaltensweisen wider,
wodurch die Ergebnisse dieses Kapitels einen Richtwert fiir mégliche durch den Lebensstil

induzierte Reduktionen von Gesundheitskosten darstellen.

Die Aufmerksamkeit der Arbeit richtet sich zunidchst auf die Inanspruchnahme von
Gesundheitsleistungen, im Einzelnen werden dabei Besuche beim Hausarzt und stationire
Krankenhausleistungen untersucht. Neben dem erwarteten konvexen Effekt des Alters fiir
die Inanspruchnahme beider Leistungen deuten die Ergebnisse auf einen voneinander
unabhingigen Einfluss von BMI und Bewegung sowohl im 2-stufigen Modell fiir die

Hausarztbesuche als auch im Logit-Modell der Krankenhausaufenthalte hin. In einem
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zweiten Schritt werden die Auswirkungen auf die Gesundheitskosten in einem
Generalisierten Linearen Modell (GLM) mit Loglink-Funktion und Gammaverteilung
betrachtet. Das zentrale Ergebnis dieses Modells liegt in der Feststellung, dass
Bewegungsmangel die Gesundheitskosten unabhingig vom BMI Niveau erhoht. Die
Ergebnisse bestitigen daneben die bekannte substantielle Erhohung der Gesundheitskosten
von Ubergewichtigen und Fettleibigen im Vergleich zu Personen mit normalem Gewicht.
Im Gegensatz dazu hat sowohl die Haufigkeit der sportlichen Betitigung als auch die
Erndhrung keinen messbaren Einfluss auf die Inanspruchnahme und die
Gesundheitskosten. Bei ndherer Betrachtung lésst sich festhalten, dass Bewegung zwar die
Gesundheitskosten innerhalb der Gruppe der Ubergewichtigen reduziert, dieser positive

Effekt der Bewegung allerdings nicht fiir adipose Personen gilt.
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Literature Review
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LITERATURE REVIEW

1.1  Obesity and Economic Explanations

This Chapter summarizes the current evidence regarding the economics of obesity, general
epidemiologic aspects of obesity and related health outcomes with a particular focus on the
role of type-2 diabetes and the cost-effectiveness of preventive interventions aiming at
weight reductions. Obesity is inherently defined as a ‘condition of abnormal or excessive
fat accumulation in adipose tissue, to the extent that health may be impaired” (WHO,
2000). In accordance with a report by the World Health Organization, obesity is generally
measured by the Body-Mass-Index (BMI - in kg/m2), where separate BMI-categories
differentiate between being underweight, normal weight, overweight, and obese (WHO,
2000)'. The underlying reasons for the existence of obesity are weight gains due to an
energy imbalance. Nevertheless, obesity as a chronic condition develops as a result of the
complex interaction between social, behavioral, economic, physiological and genetic

factors (Expert Panel, 1998).

Over the last decades the number of obese and overweight individuals has grown
dramatically in most OECD countries (Sassi et al., 2009). Since the 1980s, obesity has
nearly doubled worldwide and in 2008 35% of the world population over 20 years was
overweight or obese (WHO, 2010). Regarding the current level of obesity, the differences
between different countries within the Western world are remarkable (Berghofer et al.,
2008). In 2010 the US is at the top of the list with 35.7% of the population classified as
obese (Ogden et al., 2012), Germany is situated in the middle of the range with 23%
(Mensink et al., 2013), and for example Italy at the lower end of the spectrum with only
8.6% of the population considered obese (OECD, 2013).

Taking only the health aspects of the obesity epidemic into account would neglect the
economic foundations of the underlying individual behaviors. The central economic
argument used to explain this rising trend of overweight and obese individuals are the
changes in different parts of modern life caused by technological change (Lakdawalla et

al., 2005). The observed rise of obesity is a consequence of increased calorie intake and

! Underweight: BMI<18.5; Normal weight: 18.5 — 25; Overweight: 25-30; Moderately Obese: 30 -35;
Severely Obese: 35-40; Very Severely Obese: >40 (WHO, 2000).
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reduced physical activity (Knuth et al., 2009; Mozaffarian et al., 2011). The various
economic aspects associated with this development and the differences between the
countries analyzed in several studies have been summarized by Finkelstein et al. (2005).
They argue that reduced physical activity at the workplace due to technological change
(Philipson, 2001) can only explain a small fraction of the underlying energy imbalance, as
the large shifts away from manual labor began well before the increase of the obesity rates.
Other aspects related to reduced energy expenditure, like labor saving home appliance and
higher opportunity costs of leisure time physical activities, as a consequence of increased
overall productivity, also have to be considered (Chou et al., 2004). However, Cutler et al.
(2003) conclude for the US that overall physical activity has changed little in the last
decades, while, on the other hand, the energy intake increased dramatically. Brunello et al.
(2009) confirm those findings for several European countries and can partly explain the

differences compared to the US by the delayed onset of the rise in calorie intake in Europe.

From the economic perspective the described rise in the intake of calories might simply be
due to a decline of relative food prices. For example, the relative food price in the US
decreased by 14% from 1980 to 2000, compared to other commodity prices (Finkelstein et
al., 2005). In addition to the relative price decrease of food in general, the price of calorie-
dense food (fast food, snacks, sugar-sweetened beverages) has decreased faster since the
1980s than the price of less energy-dense food, like fruits and vegetables (Finkelstein et al.,
2005). This trend in market prices is accompanied by reduced time costs of food
preparation at home due to technological change (modern home appliances, processed
food) (Cutler et al., 2003). The resulting increase in energy consumption can explain a
large share of the increasing prevalence of obesity, although other relevant factors like
education (Webbink et al., 2009) and the family background (Brunello et al., 2009) also

have to be considered for a comprehensive economic analysis of the rise of obesity.

1.2  Obesity Associated Health Outcomes

From a public health perspective, rising obesity rates pose a large challenge, as there is a
direct association with higher morbidity and mortality. The link between overweight and
obesity and increased morbidity risks has been examined in numerous publications for

different countries. A recent meta-analysis (Guh et al., 2009) gives a detailed overview of

19



LITERATURE REVIEW

the studies. The diseases most frequently associated with a higher morbidity risk due to
obesity are cardiovascular diseases (Wormser et al., 2011), stroke (Strazzullo et al., 2010),
asthma, gallbladder disease, osteoarthritis, and chronic back pain (Bray, 2004). However,
the strongest association between being overweight and/or obesity can be found for type-2
diabetes (Abdullah et al., 2010). The relative risk of diabetes for males is 2.4 (2.1-2.7; 95%
CI) times higher for overweight persons and 6.7 (5.6-8.2; 95% CI) times higher for obese
persons compared to individuals with normal weight. For females, the respective figures
are 3.9 (3.1-4.9; 95% CI) times higher for overweight persons and 12.4 (9.0-17.0; 95% CI)
times higher for obese persons (Guh et al., 2009). The prevalence of diagnosed diabetes for
German adults was 7.2% in 2011 with an age-dependent increase up to 21.9% for
individuals in the age group between 70 and 79 years (Heidemann et al., 2013). Even under
a constant level of obesity, the prevalence of diabetes worldwide is projected to increase
from 171 million in 2000 to 366 million in 2030 for demographic reasons alone (Wild et
al., 2004).

In consequence of higher obesity-related morbidity rates, obesity also reduces the
individual’s life expectancy. Nevertheless, as soon as the individual age is taken into
account as an additional determinant besides overweight and/or obesity, the evidence for
BMI-related mortality becomes controversial. Significantly increased mortality rates due to
obesity are reported in several empirical studies (Solomon et al., 1997; Fontaine et al.,
2003; McGee, 2005). Based on a prospective cohort study in Germany, Bender et al.
(2006) assess the overall mortality risk to be 1.37 (1.1-1.6; 95% CI) times increased for
obese males and 1.21 (1.0-1.4; 95% CI) times increased for obese females compared to
normal weight individuals. They find disease-specific mortality risks to be in part
dramatically increased; for example the mortality risk from cardiac dysrhythmias and heart
failure is 10.99 (3.5-25.7; 95% CI) times higher for overweight males and 18.89 (10.3-
31.6; 95% CI) times higher for obese males compared to the group with normal weight.
Moreover, Flegal et al. (2005) show that in the US obesity led to 111,900 excess deaths
compared to normal weight people in the year 2000, what is reflected by a 1.83 (1.27-2.62;
95% CI) times higher relative mortality risk for obese individuals. Nevertheless, they do
not find a significant effect on the relative morality risk for overweight people compared to
the normal weight group. The results by Stevens et al. (1998) highlight another aspect of

the association between obesity and mortality. They suggest that the age of the obese
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individual plays a crucial role in explaining mortality consequences. While they report the
standard increase in overall mortality for obese males and females between 30 and 74
years, their results indicate that the relative risk of individuals with a higher weight is

decreasing in age.

The role of physical inactivity as one of the factors contributing to the increase in obesity
over the last decades (Mozaffarian et al., 2011) was discussed above. However, a sedentary
lifestyle also is an independent risk factor for many non-communicable diseases. Lee et al.
(2012) analyze the burden of physical inactivity in several regions of the world and
estimate that on average physical inactivity causes 6% of coronary heart diseases, 7% of
type-2 diabetes and 9% of premature mortality. Therefore, physical inactivity should be

considered in the analysis of health related outcomes of obesity as well.

1.3  Costs of Obesity and Diabetes

The diseases described that are associated with obesity also pose a major challenge for the
financing of the health care systems in the affected countries. Beyond the direct costs of
medical care resulting from inpatient and outpatient health care services, indirect costs of
illness through disability and absenteeism also have to be taken into account (Colditz and
Wang, 2008; Finkelstein et al., 2005). In a variety of empirical studies, different aspects of
health care costs due to overweight and/or obesity have been examined, particularly in the
US (e.g. Cawley and Mayerhofer, 2012; Wang et al., 2011; Finkelstein et al., 2003), but

recently also in other countries (e.g. Brunello et al., 2009; Konnopka et al., 2011).

Due to the high share of overweight and obese individuals the financial burden in the US is
exceptionally high. The estimated medical costs were $78.5 billion in 1998, and with rising
obesity prevalence, the costs increased to $147 billion per year in 2008 (Finkelstein et al.,
2009), which account for 9.1% of total medical spending. In an alternative approach using
an instrumental variable model that accounts for genetic variations in weight, Cawley and
Mayerhofer (2012) find the direct costs of obesity in the US to be even as high as $190
billion in 2005. Other countries with lower obesity rates than the US consequently face
sizably lower medical costs amounting to between 0.7-1.5% (France) and 2.9% (Canada)

of total health care expenditures (Withrow and Alter, 2011). In Germany, the direct costs
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caused by obesity in the year 2002 were €4.8 billion, or 2.1% of total health care
expenditures (Konnopka et al., 2011).

The size of the estimated total indirect costs of obesity differs largely depending on the
cost factors (absenteeism, disability, premature mortality, reduced productivity) included in
the respective studies. Trogdon et al. (2008) provide a summary of 31 studies on obesity-
attributable indirect costs for eight different OECD countries. They report the largest
evidence for the estimated costs of absenteeism, with figures for the US ranging from $3.4
to $6.4 billion, while, for example, in France - where the obesity rate is at only 10%
(OECD, 2013) - absenteeism attributable to obesity only causes costs of $155 million. In a
recent study on the costs of obesity in Germany, Konnopka et al. (2011) estimate total
indirect costs caused by obesity considering costs of premature mortality, early retirement,
and sickness-related absence. Their results indicate total indirect costs of obesity

amounting to €5.0 billion in 2002, of which premature mortality alone accounts for 67%.

Several papers separately estimate the financial burden of type-2 diabetes (Koster et al.,
2011; ADA, 2008) and physical inactivity (Katzmarzyk and Janssen, 2004; Oldridge,
2008). According to the American Diabetes Association, the direct medical costs
attributable to diabetes in the US were $116 billion in 2007. The largest share of those
direct costs is caused by diabetes-related chronic diseases that alone account for $58
billion. Beyond the medical costs, estimates for the indirect costs of diabetes due to
reduced productivity add further costs of $58 billion (ADA, 2008). Based on a large
dataset of insured persons from a health insurance fund, Koster et al. (2006) provide a
comprehensive analysis of the financial burden of diabetes in Germany. They estimate the
annual costs attributable to diabetes to be €14.6 billion in 2001, which accounts for 6.8%
of total health care costs. Due to the study design, additional indirect costs are missing.
Reconsidering the same sample for the year 2007, Koster et al. (2011) find that in
consequence of a continuous increase of diabetes prevalence from 6.9% to 8.9%, the direct

costs increased to €19.1 billion in 2007.

Beyond obesity and diabetes, physical inactivity as a separate risk factor for cardiovascular
disease leads to a significant increase in health care costs (Oldridge, 2008). The estimated
share of overall health care costs attributable to physical inactivity varies between 1.5% for

Canada (Katzmarzyk and Janssen, 2004) and 2.4% for the US (Oldridge, 2008).
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Considering the numerous papers that quantify the costs of obesity, remarkably few
authors extend their analyses of health care costs to healthy behavior in general and
simultaneously consider the costs of obesity and of lifestyle behaviors related to obesity
(Pratt et al., 2000; Wang et al., 2004; Yang et al., 2011). Based on a medical expenditures
survey for the US from 1987 with 20,000 individuals aged 15 or older, Pratt et al. (2000)
estimate the health care costs attributable to physical inactivity. In a subgroup without
physical limitations and controlling for age, gender, and smoking status, the average
annual direct medical costs were $1,019 for the physically active compared to $1,349 for
those who reported being inactive. The major savings due to physical activity derived from
$222 lower costs from hospitalization for the physically active compared to inactive

persons.

The study by Wang et al. (2004) examines the differences in direct health care costs caused
by physical activity in a sample of around 23,000 active US employees. Independent of the
BMI-category, physical activity significantly reduces health care costs compared to
sedentary employees. Within the BMI-categories only for the obese individuals (BMI>30),
the health care costs are significantly reduced by physical activity. Compared to obese
individuals who are inactive, those who exercise one or two times per week incur $498
lower medical costs, while for those who exercise more than 3 times per week, the costs

are only $436 lower.

The recent study by Yang et al. (2011) investigates the association between health care
cost and physical activity for elderly Japanese subjects with an average age of 75 years.
This very specific study population makes results hardly comparable with the studies
mentioned before and the results of the related research paper in Chapter 4. However, the
results by Yang et al. (2011) confirm the general finding that independent of the BMI and
other covariates, those who are inactive have higher health care costs than individuals who

are physically active.

1.4 Diabetes and Obesity Prevention Programs

In response to the manifold challenges of the obesity epidemic described above, public
primary prevention programs against obesity have been widely recommended (WHO

2004). As one example, the European guideline for the prevention of type-2 diabetes
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focuses on obesity and a sedentary lifestyle, as these are the main modifiable risk factors of

the disease (Paulweber et al., 2010).

These guidelines are based on the results of a large number of different type-2 diabetes
prevention programs that have been executed in the last 10 years. While some of them use
pharmacological interventions, others use lifestyle (exercise and/or nutritional)
interventions aiming at weight reductions. The lifestyle interventions are at least as
beneficial for prevention as the pharmacological ones (Gilles et al., 2007). However, this is
only valid for interventions with the combination of exercise and diet modifications and

not for pure exercise programs (Orozco et al., 2008).

The two most prominent interventions are the Diabetes Prevention Program (DPP) started
in the US in 2002, and the Finnish Diabetes Prevention Study (DPS) started in 2003. They
both provide clear clinical evidence based on randomized controlled trails (RCT) that type-
2 diabetes incidence in a high risk population can be reduced significantly by an
appropriate prevention program (DPP Research Group, 2002; Tuomilehto et al., 2001).
Both programs consist of instructions on nutrition and training programs to raise the
physical activity of the participants, as demanded by the meta-analyses above. The results
of both studies are promising with respect to weight losses and reductions in incidence of

diabetes.

In the following I will discuss the results of the studies in detail, as they were the
foundation of the GOAL LIT program evaluated in Chapter 2 of this thesis. In the Finnish
intervention group, the risk of diabetes was reduced by 58% during the one-year trial and
participants lost 3.5 kg of weight on average (Tuomilehto et al., 2001). In addition, a
higher level of physical activity seems to lead to a further reduction of morbidity
(Laaksonen et al., 2005). At the three-year follow-up the diabetes incidence in the lifestyle
group of the US DPP intervention was 58% lower than in the placebo group, and
significantly lower compared to the pharmacological group (DPP Research Group, 2002).
The weight reduction was 4 kg in the intervention group compared to a constant weight
level in the placebo group. For the short-term follow-up, the DPP Research Group also
asserts that the lifestyle intervention can be conducted cost-effectively from the perspective
of the society (DPP Research Group, 2003). The results of the 10-year follow-up of the
DPP (DPP Research Group, 2009) are of particular interest, as they provide first evidence
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of the long-term effects of diabetes prevention. In discussing these results, it is necessary to
mention that the participants were offered ongoing lifestyle sessions every three months,
after a break of 13 months after the original intervention. Thus, the effectiveness is not
only related to the initial success in weight reduction. The cumulative diabetes incidence
was reduced by 34% (24 — 42; 95% CI) in the intervention group as compared to the
placebo over the 10 years. However, the incidence at the 10-year follow-up does not differ
significantly. Regarding the weight trend, two points are obvious: First, the initial weight
losses are up to seven times higher in the lifestyle group, and second, on average, there is a
rebound effect in the intervention group. Hence, after 10-years the weight levels are no

longer significantly different between the intervention group and the control group.

Overall, the clinical studies on diabetes prevention provide short and medium-term
evidence for diabetes and weight reduction in a RCT framework even though the effects
tend to diminish in the long run (Gilles et al., 2007). Nevertheless, the real-world
implementation of such a program might produce different results. This was the reason for
designing programs to translate the findings from the clinical trials into real-world settings.
The GOAL LIT (Uutela et al., 2004; Absetz et al., 2007) was one of the first programs that
confirmed the positive effects on diabetes risk indicators, like BMI, in a primary health

care setting (Absetz et al., 2009).

Beyond the literature focusing on prevention of type-2 diabetes in lifestyle modification
programs, numerous studies describe all kinds of preventive activities that aim to reduce
obesity and enhance physical activities (Wolfenstetter and Wenig, 2011). An overview of
in total 41 obesity prevention interventions presented in the review of Lehnert et al. (2012),
where, for example, taxes, food labeling, school programs, and media campaigns to
increase health information are discussed as other forms of preventive interventions.
However, a detailed description of those prevention programs is beyond the scope of this
review, as the focus of the research papers in the following chapters is solely on

interventions involving lifestyle modification.

1.5 Costs-Effectiveness of Obesity and Diabetes Prevention

A recent 10-year follow-up study of the DPP has confirmed that the cumulative medical

costs of the lifestyle intervention group after the intervention were on average $2,000
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lower than in the placebo group (DPP Research Group, 2012). Based on the results of DPP
and DPS several studies (e.g. Lindgren et al., 2007; Icks et al., 2007; Bertram et al., 2010)
model the cost-effectiveness of applying those type-2 diabetes prevention programs in
different countries. In an overview article, Klein et al. (2011) summarize the results of 11
comparable cost-effectiveness analyses of interventions involving lifestyle modifications to
prevent diabetes. The studies differ with regard to population, time-perspective,
measurement of the costs, and other factors, but they all find that diabetes prevention can
be cost-effective. However, none of these studies is based on original intervention and

follow-up data; thus, they can only model the effect of clinical trials in different settings.

Furthermore, several studies provide evidence on the cost-effectiveness of screening
programs for diabetes or pre-diabetes before an intervention. Gillet et al. (2011) provide a
summary of this strand of literature and develop a model framework to evaluate different
combinations of risk assessment and intervention components. The modeling results
suggest that compared to the current standard in the British NHS in identifying
undiagnosed diabetes alone, a strategy of risk assessment for impaired glucose regulation
(IGR) followed by intense intervention, like the Finnish DPS program, for high-risk
individuals is likely to be cost-effective. The model used by Gillet et al. (2011) is a
combination of a decision tree and a Markov model for the outcomes diabetes, CVD, and
complications of diabetes in which the HbAlc is the main risk factor. The effect of weight
changes on diabetes risk used in the Markov model is built on the benefits of interventions
reported by Hamman (2006) and makes the same assumptions as the model used in
Chapters 2 and 3 with respect to weight rebound effects after completing the intervention.
Nevertheless, the effects on risk indicators of preventive interventions that are used for the

model are all gained from RCTs and do not rely on primary outcome data.

In line with these results, Li et al. (2010) found that among all different interventions
recommended by the American Diabetes Association (ADA), evidence was strongest for
the cost-effectiveness of intensive lifestyle modification among persons with impaired
glucose tolerance (IGT). Whether pragmatic primary prevention programs, like the studies
evaluated in Chapters 2 and 3, which are conducted in more real-world settings and
especially among people with an increased risk of diabetes but not yet exhibiting IGT, can

really be a long-term cost-efficient strategy remains controversial (Gillet et al., 2011).
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Beyond the cost-effectiveness analyses focusing on prevention of type-2 diabetes in
lifestyle modification programs described above, numerous studies also evaluate different
strategies of preventive activities that aim at reducing obesity in general. The systematic
literature review presented by Lehnert et al. (2012) provides a summary of the cost-
effectiveness of overall 41 different preventive interventions. Of these interventions, only
25% were not cost-effective, while only seven studies were cost-saving. The reported cost-
effectiveness is highest for the group of environmental interventions. Among the 21
behavioral interventions included, only nine are intervention studies that aim at obesity-
related lifestyle modifications. Those nine studies, which are comparable to the diabetes
interventions mentioned above and evaluated in the present thesis, mainly use Markov
simulations to estimate the cost reductions of the interventions, but they are all based on
results from previous RCT studies. However, only two of the interventions to modify

lifestyle behavior were not cost-effective.
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2.1 Introduction

The worldwide rise in obesity and its health consequences have become a major concern in
public health. The obesity epidemic is particularly severe in the US, with two-thirds of the
population being overweight or obese in 2000 and projections of up to 80 per cent being
overweight by 2020 (Ruhm et al., 2007). However, obesity is also a growing problem in
other developed countries. For example, in Finland 48 per cent of the population were
overweight in 2006 compared to 36 per cent in 1983 (Statistical Yearbook, 2007), and
comparable rates can be found all over Europe (Brunello et al., 2009). The reasons for this
trend are basically a combination of increased intake of calories and reduced physical
activity (Finkelstein et al., 2005) and the resulting energy imbalance leading to a
continuous weight gain that will lead to severe chronic diseases such as type-2 diabetes.
Globally, it is estimated that 438 million people (7.8% of the adult population) will have
developed type 2 diabetes by 2030 unless effective prevention programs are implemented
(IDF 2009). Obesity and overweight, together with the diseases emerging as consequences
of excessive weight, cause a sizable economic burden (Guh et al., 2009). Accounting for
the direct medical costs of treatment as well as for indirect costs of illness these costs
become a public health care problem (Konnopka et al., 2011; Finkelstein et al., 2003). In
response to the growing burden that obesity poses for health care spending, public primary

prevention programs against obesity have been widely recommended (WHO, 2004).

The European guideline for the prevention of type 2 diabetes focuses on confronting
obesity and a sedentary lifestyle as these are the main modifiable risk factors of the disease
(Paulweber et al., 2010). Major trials on preventing type 2 diabetes have proven the
efficacy and effectiveness of lifestyle modification among adults with pre-diabetes
(Knowler et al., 2002; Tuomiletho et al., 2001; Norris et al., 2005). Several studies
(Lindgren et al., 2007;DPP Research Group, 2003; Icks et al., 2007; Bertam et al., 2010)
estimated the cost effects of diabetes prevention trials for different countries. The studies
differ with regard to intervention, population, time-perspective, and measurement of the
costs, yet they all find that diabetes and obesity prevention can be cost-effective (Klein et
al., 2011; Lehnert et al., 2012). Furthermore, Li et al. (2010) found that among all of the

different interventions recommended by the ADA, the evidence was strongest for the cost-
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effectiveness of intensive lifestyle modification among persons with impaired glucose
tolerance (IGT). Nevertheless, it is still controversial if primary prevention conducted in
more real-world settings and among people with increased risk but not yet exhibiting IGT
can really be a long-term cost-effective strategy for facing the obesity epidemic. We
examine the question whether prevention pays for itself in a simulation model based on the
results of the Good Ageing in Lahti Region Lifestyle Implementation Trial (GOAL LIT), a

diabetes prevention program conducted in a specific region in Finland.

This paper is organized as follows: The next section presents an overview of the GOAL
LIT and its results. Then, Section 2.3 characterizes the simulation model framework with
special regard to the transition probabilities used. Section 2.4 presents the results of the
medium-term simulation and the conducted validation. In Section 2.5 we discuss our

findings and concluding remarks are offered in Section 2.6.

2.2  Overview of the GOAL Lifestyle Implementation Trial

In response to the growing obesity and type 2 diabetes epidemic, a new generation of
research emerged in the early 2000’s and started to develop and test strategies to translate
findings from prevention trials to real-world settings. The GOAL LIT (Uutela et al., 2004;
Absetz et al., 2007) was one of the first of these implementation trials (Simmons et al.,
2010). It was designed for the primary health care setting with lifestyle objectives derived
from the Finnish Diabetes Prevention Study (DPS), one of the major efficacy trials
supporting lifestyle modification (Tuomiletho et al., 2001). The GOAL LIT was designed
to replicate the DPS results with a program with more modest resources, delivered by
existing health care personnel. One- and three-year effectiveness of the intervention was
analyzed with a quasi-experimental single group pretest-posttest design for risk factor
changes, and using the DPS results as a benchmark for lifestyle objective attainment

(Uutela et al., 2004; Absetz et al., 2007).

Intervention Setting and Participants

The GOAL LIT was conducted in the 14 primary care centers of the Piijdt Hime Province

in Finland. In each primary health care center, a study nurse was appointed for recruitment,
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laboratory referrals, and clinical measurements. Over a two-month recruitment period,
physicians and nurses referred prospectively patients (aged 50-65) with already identified
risk factors (obesity, hypertension, elevated blood glucose or lipids) to the study nurse.
They were screened for risk status with a validated type 2 diabetes risk test, the FINDRISC
(The Finnish Diabetes Risk Score) (Lindstrom and Tuomiletho, 2003). The risk test took
approximately five minutes to complete. The inclusion criterion was set at risk score 12
(17% 10-year-risk). Risk status was screened in 462 patients. Clients with mental health
problems or substance abuse likely to interfere with participation, acute cancer, or
myocardial infarction during the past 6 months were excluded from the study. Altogether
389 participants were enrolled in the intervention, 385 of which provided the necessary
data at baseline. At the baseline, 95.5% of the participants were overweight or obese (BMI
>25). Type 2 diabetes was diagnosed in 32 participants and one participant lacked the
baseline blood glucose test; thus, the effectiveness analyses (Uutela et al., 2004; Absetz et
al., 2007) excluded these patients. In the end, the effectiveness study sample consisted of
352 participants [mean FINDRISC score 16.2 (£3.3)] of whom 312 (88.6%) attended the
measurements at year one and 271 (77.0%) at year 3. Eight participants responded at year
three but not at year one. The study sample was mostly representative of the general
population but it had comparably more retired and unemployed persons. Study drop-out
was not related to gender or socioeconomic status (SES), but women with larger baseline

waist circumference were less likely (p < .05) to participate at the one-year follow-up.

Intervention objectives and theoretical background

The intervention program was designed to facilitate the adoption of physical activity,
healthy nutrition, and weight loss, with specific targets drawn from the Finnish DPS
(Tuomiletho et al., 2001). The program components were based on psychological theories,
and behavior change techniques that were used have been described in detail in other

works (Uutela et al., 2004; Absetz et al., 2007; Hankonen, 2011).

Intervention Program content

The program consisted of six structured two-hour group sessions. The first five sessions

were delivered at two-week intervals during a three-month intensive intervention period
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and one booster session at eight months. The protocol included no other formal post-
intervention contact with the participants except follow-up measurements at years one and
three. The sessions were delivered by public health nurses in the primary health care
centers, either solo or together with another nurse or a physiotherapist. These group
facilitators received two days of training with a standardized training program, training
manuals and practical exercises. Printed materials for program users and participants
included existing, free-of-charge health education leaflets, materials adapted from earlier
studies (Lindahl et al., 1999), and materials developed for the intervention. A project
dietician supported facilitators and gave dietary counseling during one group session.
Municipal sports officers introduced the groups to local sports facilities and guided one
exercise session (e.g., gym, aquatic exercise, Nordic walking). Participants requiring

medical care during the program were referred to their GP.

Attrition

Overall, 57% of participants attended all six sessions, and 74% the first five sessions. The
intervention exposure was unrelated to gender or SES. Baseline measures of waist
circumference, BMI, exercise, diet, and the psychological determinants were similar for

those who attended all vs. only part of the sessions (p > .05).

Summary of results from the effectiveness studies

Compared to the DPS, the GOAL LIT had equal or even better improvements in diet
behavior, whereas physical activity and weight loss goals were achieved less frequently in
the GOAL LIT (Absetz et al., 2007). On average, men experienced more improvements in
risk factor changes than women but socio-economic groups performed equally well
(Absetz et al., 2007). The three-year follow-up (Absetz et al., 2009) demonstrated that
despite the relatively modest initial risk reduction (e.g., weight reduction at year one was
only 0.8 kilograms in the GOAL trial compared to 4.5 kg in the DPS (Norris et al., 2005)),
program maintenance was quite good. Between years one and three, an average regain of
one kilogram was found in the DPS, resulting in a —3.5kg+5.1 weight reduction from
baseline to three years (Lindstrom et al., 2003), while in the GOAL trial the weight

decrease achieved at year one persisted throughout the follow-up. The same pattern was
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also evident in BMI. Improvement in blood lipids from baseline to three years was similar
to the DPS. The 12% conversion rate from impaired glucose tolerance (IGT) to diabetes
found at year three is moderate compared to 9% in the intervention and 20% in the control
group of the DPS (Lindstrom et al., 2003). Furthermore, a significant number of
participants (n = 65, 43% of those with baseline IGT) reverted to normal glucose tolerance

(< 7.8 mmol/l) during the follow-up.

Ethical aspects

The Ethical Commission in Péijdt-Hame Central Hospital and the Ethical Committee of the
National Public Health Institute gave their approval of the project. Participants provided a

written informed consent and were treated according to the APA ethical standards.

2.3. Methods

The main goal of our analysis is the evaluation of the cost savings of obesity prevention,
thus our modeling of diabetes is kept in a simple style - with a binary option of the disease.
The numerous other obesity-related diseases will not be regarded separately in order to
keep the model tractable; nevertheless they are reflected in the mortality rates of the non-

diabetic states of the model.

We estimate the cost effects of GOAL LIT regarding the trend in diabetes prevalence over
15 years. For a shorter period, no significant changes in the prevalence of diabetes can be
expected and for a longer period the effects of prevention on BMI become increasingly
doubtful. In addition, we focus on the overall mortality effects of the intervention. All costs
are expressed in 2008 euros and all future costs were compounded at an annual discount

rate of 3 percent.

2.3.1 Markov Model

We developed a state-transition Markov model with five mutually exclusive (disease)
states and discrete one-year intervals. The model structure depicted in Figure 2.1 allows us
to follow a starting population over 15 years, using the annual forecasts for every state of

interest. The individuals representing the control and intervention groups move between
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the Markov states according to the given transition probabilities. We assume that according
to the GOAL LIT participants none of the individuals entering the model suffers from type
2 diabetes.

The five Markov states are: 1) no diagnosed diabetes and BMI < 25, 2) no diagnosed
diabetes and 25 < BMI < 30, 3) no diagnosed diabetes and BMI > 30, 4) diagnosed
diabetes (afterwards we will refer to these states as “’(no)diabetes”), and 5) death. The
initial age of the individuals entering the Markov model is 55 years, which is consistent
with the average age of the GOAL LIT subjects. The initial distribution between the non-
diabetic states reflects the age and gender specific rates for Finland. The transition
probabilities between the three non-diabetic states result from the analysis of the GOAL
LIT prevention program and thus differ for the intervention and the control group. We
implicitly assume that annual weight changes are not pathological, with annual transitions
between non-sick states only being possible in single steps. The other transition
probabilities, including no diabetes to diabetes, no diabetes to death, and diabetes to death,
are all one way. All of the people who die remain in the death state and we only regard
diagnosed cases of type 2 diabetes mellitus where no cure is feasible. Those probabilities
are assumed to be equal between the two groups of individuals but they differ by age and
gender. All analyses were performed using TreeAge Pro Healthcare (Release 1.0 b1, 2001;
TreeAge Software Inc.).

Figure 2.1: States of the Markov Model

No Diabetes No Diabetes No Diabetes
BMI <25 25< BMI <30 BMI >30
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2.3.2 Data

In order to estimate the diabetes prevalence within the framework of the Markov model,
we rely on the most recent Finnish data concerning type 2 diabetes mellitus and mortality
rates. For each of these inputs, we attempt to specify the figures by age, gender and BMI

level, if available.

Measurements of GOAL LIT

For participants in the intervention group all clinical and nutritional data were collected by
the study nurses. Baseline anthropometric measurements were taken at recruitment,
followed by referral for relevant laboratory tests. At 12 months and three years,
participants were mailed an invitation to anthropometric measurements, a referral to
laboratory tests, and a three-day food diary. Questionnaire data were collected from the
participants at one month pre-intervention (response rate 97.5%) as well as nine months

(81%), 12 months (83%), and three years post intervention.

The primary outcome of the study we use in our following analyses was a measure taken at
12 months and three years: relative weight change from baseline. Weight in light clothing

was measured by the study nurse. Program participation was measured at follow-up.

The control group participants were recruited as follows. An age, gender, and risk factor
(BMI) matched sample (N=304) was selected from the GOAL Cohort Study (Fogelholm et
al., 2006), a 10-year longitudinal study conducted in the same region as the GOAL LIT.
Participants were invited for anthropometric and laboratory measurements at the same
health care centers where the GOAL LIT was conducted. Baseline measurement was in
2002 and follow-up three years later, in 2005. Table 2.1 gives an overview of the baseline

characteristics of the intervention and the control group.

Table 2.1: Descriptive Statistics of the Goal LIT Group and the Control Group at the Start
of the Intervention

Intervention Group N=266 Control Group N=304
Vanable Mean Std. Dhv. Mean Std. Dhv.
Grender 1 0.737 0.441 0.705 0459
Ape 58.079 4018 58825 4943
Weight 90.379 17.33% 38386 14168
Wast 105.193 12.079 102.752 11.613
BMI 32.525 4999 31.645 4516

! Gender: Female — 1, Male— 0.
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Weight Changes

The main aspect of our model is the introduction of weight (and consequentially BMI)
shifts over time. Based on the differences in the development between the control and
intervention group in succession of the prevention program, we estimate different scenarios
for the mid-term weight trend. For the model version at hand, we use the data from the
three-year follow-up of the GOAL LIT program, described in detail above. We analyse the
individual weight changes from the baseline (start of the program) and after one year to the
point of the three-year follow-up. This gives us the in- and outflows of the three BMI
categories, on a three-year basis, for both groups. As our model requires the transition
probabilities on an annual level, we compute the transitions between the BMI categories
accordingly as annual rates. Nevertheless, we cannot assume that these weight changes are
persistent over the period of the analysis, as the effect of the prevention program is very
likely to diminish or even vanish completely over time. To account for this catch-up effect
we suppose that the annual transition rates of the control group reflect a common time
trend and estimate the model under several scenarios for the development of the
intervention group. The reference scenario for our analysis is the case of full linear catch-
up of the intervention group over the 15 years. In addition, we report the extreme case of
not catching-up at all as an optimal benchmark. Further, we consider different levels of
intermediate adjustment, which we consider to be most relevant. The resulting transition
probabilities account for the gender of the individuals, but - due to the small variance in the

baseline age - we cannot distinguish different age groups.

Diabetes Incidence

In our model, data on the diabetes incidence are necessary in order to estimate the annual
transitions to the state of diagnosed diabetes. To account for the different BMI levels of the
non-diabetic individuals the incidence rates have to be adjusted for BMI. Unfortunately, no
nationwide study of diabetes incidence for Finnish adults exists. The only available data on
type-2 diabetes is on the prevalence, and we cannot infer the annual incidence from such
information. We thus rely on the results of several studies in other European countries
(Bonora et al., 2004; Masso Gonzalez et al., 2009) and on the results of the long-term
follow-up of the Finnish Diabetes Prevention Study (Lindstrom et al 2006). The Kora
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cohort study in the German region of Augsburg examines in detail several health outcomes

with participants virtually representative for the whole German (Rathman et al., 2009).

Diabetes Mortality

Regarding diabetes-related mortality, we assume that once the disease is diagnosed, the
BMI level is no longer relevant for the course of the illness and consequently the mortality
rate. We are aware that this might bias our results, but we think the assumption is
reasonable, as we estimate the transition to the death state based on aggregated data on
diabetes mortality. Besides, we take age and gender-dependent mortality differences into
account. The data from ’Finland Statistics’ is available online and includes data on annual
diabetes mortality in Finland from 2000 through 2008, adjusted for age and gender. These
figures are only a lower benchmark for the actual situation in Finland, as they only report

deaths directly associated with the ICD-10 for diabetes.

Table 2.2: Annual Transition Probabilities in the Markov Model

Male Female

Intervention Control Intervention Control
BMI < 25 -BMI < 30" 0,26827 - 047791 047791 0,26827 - 0,54230  0,54230
BMI < 25 - Diabetes 0,00262 0,00262 0,00089 0,00089
BMI < 25 - Death 2 0,00566 -0.02116  0,00566 - 0,02116  0,00294 - 0,01008  0,00294 - 0,01008
BMI < 30-BMI <25 0,00392-0 0,00000 0,00392 - 0,00047  0,00047
BMI < 30-BMI = 30" 0,07143-0,1153 0.11530 0,07143 -0,1153 0,11530
BMI < 30 - Diabetes 0,00834 0,00834 0,00249 0,00249
BMI < 30 - Death 2 0,00566 -0,02116  0,00566 -0,02116  0,00294 - 0,01008  0,00294 - 0,01008
BMI > 30-BMI <301 0,11801-0,04110  0,04110 0,11801 - 0,04603  0,04603
BMI = 30 - Diabetes 0,02320 0,02320 0,00580 0,00580
BMI = 30 - Death > 0,00566 -0,02116  0,00566 - 0,02116  0,00294 - 0,01008  0,00294 - 0,01008
Diabetes - Death 2 0,00575 -0,02165  0,00575-0,02165  0,00297 -0,01036  0,00297 - 0,01036

! Depending on the assumed weight catch-up in the intervention.
< Age-Dependent.

Overall Mortality

In consequence of higher obesity-related morbidity rates, one might directly assume
reduced life expectancy. Nevertheless, obesity-related excess mortality is somewhat
controversial in the literature. On the one hand, (Bender et al., 2006) find that mortality

rates are significantly higher for obese persons. Based on a prospective cohort study for
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Germany, they assess the risk of death from cardiovascular diseases to be 2.2 (1.6) times
increased for obese males (females). In addition, (Flegal et al., 2005) show that in the US
the number of excess deaths of obese persons is significantly higher compared to
individuals of normal weight, though being overweight has no significant effect. On the
other hand the results of (Stevens et al., 1998) suggest an increase in overall mortality for
obese individuals between 30 and 74 years, though the relative risk of excess weight

decreases for older people.

The data on overall mortality is one of the key figures for our framework, as it has to
reflect all non-diabetic mortality associated with obesity and the relative risk related to the
obesity level. To our knowledge there exists no epidemiological data on BMlI-related
mortality rates for Finland. Due to this missing direct data base we rely on overall
mortality rates adjusted for age and gender and evaluate them for different possible
influences of the BMI level. As discussed above, the link between BMI level and mortality
is controversial at least for older individuals. Accordingly, we model three different
specifications regarding the transition between the three ’non-diabetic’ states and the
absorbing state. The simple benchmark case assumes that mortality is independent of the
individual weight. In Case 2, we assume a positive correlation between current BMI and
current mortality for all ages. In Case 3, we assume that the effect of BMI on mortality is
age-dependent and has a positive effect till 65 and a no direct effect afterwards. All

transition probabilities entering the Markov model are summarized in Table 2.2.

2.4 Results

In the following, we will first discuss the results regarding the mortality effects of the
intervention, and afterwards, we turn to the results regarding the medical costs of type 2
diabetes. We do not put any value on changes in the BMI categories themselves - as this
would require an additional valuation of the quality of life with different BMI levels - but
treat all individuals without diabetes equally. Based on the changes in the prevalence of
diabetes after a period of 15 years the concluding cost analysis provides an economic

evaluation of the GOAL LIT program.
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2.4.1 Effects on Mortality

We specified the mortality effects within the analyzed time period as the expected
reduction of the lifespan of 15 years. In general, the predicted mortality is not significantly
different between individuals in the control group and participants of the GOAL LIT
program. The level of mortality crucially depends on the assumptions regarding the
relationship between BMI level and non-diabetic mortality. For a discussion, of that effect
see the sensitivity analysis in Section 2.4.4. The highest mortality levels for individuals in
the control group and the intervention group are obtained in the case of Scenario 3 (age and
BMI dependent mortality). For females, we find a reduction of the lifespan of 0.693 (0.049
S.D.) years in the control group, the respective male figure amounts to 1.345 (0.088 S.D.)
years. The largest difference in the reduction of the lifespan between the intervention group
and the control group can be observed when the BMI levels of the intervention group do
not converge. For the realistic scenario of 75 per cent convergence of the BMI levels in the
intervention group, we get a reduction of 0.648 (0.046 S.D.) years for females and 1.283
(0.085 S.D.) years for males. The results for the other scenarios are reported in Table 2.4 in
the Appendix. In all cases the results for both genders are not significantly different

between the control and the intervention group.

2.4.2 Diabetes Costs

The discounted direct medical costs of individuals developing diabetes over the course of
15 years depend on the assumed degree of complications, as annual costs for care and
medication are €800 for those without complications (for Finland in 2008 euros). In our
analyses the aggregated costs of diabetes care were computed for four different rates of
complications: 1) as a reference zero per cent, 2) the realistic value of 26%, 3) a lower
bound of 15% and 4) an upper bound of 38%. The corresponding annual costs of diabetes
of €800 (3000, 2000, 4000) were discounted at an annual rate of 3%. Independent of the
assumed annual costs of diabetes, the differences in the resulting aggregate costs between
the control and intervention group are minimal under the assumption of full convergence
of the BMI transition rates. The 15-year costs of diabetes are highest under the scenario of
BMI-independent mortality rates for non-diabetics. Here, with the realistic rate of

complications the cumulative costs of diabetes for females are €815 (35 S.D.) in the
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control group (CG) and €694 (28 S.D.) in the intervention group (IG). The respective male
figures are €2884 (114 S.D.) and €2448 (98 S.D.). The largest cost reductions are obtained
under no convergence of the BMI levels in the intervention group. We do not consider this
as a realistic scenario; nevertheless, the results are of interest as a lower benchmark of
possible cost effects. In the intervention group, we then have costs of €651 for females and
€2322 for males. All other intermediate cases of BMI convergence and different rates of
complications are reported in Table 2.5 (Appendix). For all of the cases considered, the

results for both genders are significantly different between the control and the intervention
group.

For the case of positive BMI-dependent mortality and full convergence the discounted 15
year costs of diabetes in the model for females are €808 (33 S.D.) in the control group and
€686 (28 S.D.) in the intervention group. The respective male figures are €2863 (110 S.D.)
and €2422 (94 S.D.). In all other cases of BMI convergence (Table 2.6 in the Appendix),
we see the same cost-reducing movement, with a significant difference between the control
and the intervention groups. For the scenario of age and BMI-dependent mortality the cost
effects are slightly below the case described above. The results are reported in Table 2.7

(Appendix).

The projected cost effects of diabetes are based on the estimated diabetes prevalence rates
within the control and the intervention group. They thus reflect the cost trends mentioned
above, as the prevalence rate for females ranges from 0.312% (0.016 S.D.) in the
intervention group to 0.392% (0.020 S.D.) in the control group, while the male rates are at
a higher level, ranging from 1.097% (0.052 S.D.) in the intervention group to 1.367%
(0.065 S.D.) in the control group. The development of the prevalence rates over the period
of 15 years is depicted in Figures 2.2 and 2.3 in the Appendix for the scenario of a positive
correlation between BMI and overall mortality. The results remain qualitatively unchanged

for the two other scenarios of mortality.

2.4.3 Cost Analysis

For the evaluation of net cost savings of the GOAL program, we have to account for the

incremental costs in the intervention group. The variable costs of the GOAL intervention
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were €207 per person, which does not include costs associated with the initial intervention
design. The results of the cost analyses crucially depend on the assumed rate of
complications and the resulting annual costs of treatment. Table 2.3 shows the discounted
difference between costs of diabetes reduction and initial program costs for the GOAL
intervention. The reported values are based on constant rates of complications per annum.
All results are significant at the 10%-level. We report the results for different rates of
complications for both genders and as well for a representative Finnish population with an
equal share of males and females. The Finnish population between 50 and 55 years has an
almost equal gender ratio; thus, we can aggregate the costs for males and females without

any weighting.

Table 2.3: Net Cost Savings per Person after 15 Years

Female
(1) (1} (2} @ (3 (3
Cost= T2D  BCFull Comv B-CNoCom B-CFullComy B-CMNoComv B-CFull Comr  B-C No Comv
800 1752 1632 1742 1642 i’ .y -165.2*
2000 1282 -98.2 1222t -100.2* -124.2* -101.2*
3000 862 432 8532 472 843 492
4000 4022 78 402 48 422 5.8
Male
(1) (1) (2) ()] (3 (3
Cost=s T2D  BCFull Comy  BCNoCom B-CFullComy  B-CMoComv B-CFull Comr  B-C No Comv
800 00.2* 553 952" 602 952 £33
2000 £0.8 163.8* 748 159.8* 708 152.8°
3000 2288 354.8" 1338 33g.g" 238 337.8"
4000 74 8" 536.8" 3638 525.8" 3s28™ 545 8™
Fep. Pop.
(0 (1) 2} @ (3 (3
Costs T2D BCFullComv B-CNoComw B-CFullConv B-CNoComv B-LFull Comr B-C NoComw
800 137 -192* 1347 -1122* 1347 -1142°
2000 237 328 237 198 2267 258
3000 71.3 1558* 74.3* 145.8* 64.8 144 3°
4000 167.3" 273 3" 161 8* 1653 1553 758"

Anmal Costs of Type 2 Diabetes per patient in Ewros, discounted at 3 per cent. Baseline vanable costs of the GOAL
Program <2072 per person. Three different scenanos for the mortzhty rate of the non-dabetic indnndaals: (1) equal for
all BAMT levels, (2) posrive cormelaton with BMI level, (3) BMI dependent ©1ll 65, The Representatrve Population 1= formed

A0

* sigmaficant at the 5 % level ** sipnificant at the 1 % level.

v to the Finmsh Population of the same age and gender pattern.

The projected 15-year net cost savings of the GOAL intervention are significantly negative
for a pure female population for all sensible levels of complications underweight catch-up

effects in the intervention group. For details on the threshold of positive net cost savings,
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see the sensitivity analysis in the next section. For males the monetary net cost savings
were positive with a rate of 8% of annual complications (€1500). For 26% (€3000), which
is realistic for Finland, the gain of diabetes reduction through the GOAL Intervention is
between €213.8 and €233.80 per individual in the case of full BMI convergence in the
intervention group. The maximum possible net cost saving of €354.80 would be realized in

the situation with no weight catch-up in the intervention group.

Regarding the representative population the threshold for a positive net cost saving of the
GOAL intervention is a complication rate between 15% and 20%. For 26%, the per-person
net benefits in succession of the intervention lie between €64.80 and €74.30 with full BMI
convergence in the intervention group, and between €144.30 and €155.80 in case there is

no convergence.

The results change if we impose a dynamic probability of complications after being in the
diabetes state. Assuming a linear development from zero per cent in the first year to 26%
over 10 years of suffering from diabetes has the following implications: For the female
population, the results do not change qualitatively, as the intervention does not prove to be
cost saving over the 15 years under examination. However, for the male population, we
still find the intervention at least partly cost saving, depending on the assumed scenario for
BMI convergence in the intervention group. With no (75%) catching-up in weight the
significant net cost saving of the intervention is €297 (€195), whereas the €180 saving
under full BMI convergence is no longer significant. For the representative population the
intervention has positive net cost savings under all scenarios of convergence, but the

results are only significant at the 10% level with no BMI convergence.

2.4.4 Sensitivity Analysis

To check for the validity of our results, we conducted sensitivity analyses regarding all
parameters of the model. In general, we find that our results are not driven by the selection
of the transition probabilities and the other parameters. The results of some of our analyses
are reported in the Figures in the Appendix. As discussed in the section above, the net cost
savings of the intervention for females depends on the degree of complications and the

associated costs of diabetes. Figure 2.4 shows that our results for full BMI convergence in
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the intervention group remain unchanged until an unreasonably high value of 45% of
annual complications. Regarding the mortality associated with diabetes we use only
reported rates of death directly linked to diabetes; that is certainly only a lower bound for
the overall mortality rate for diabetics. We controlled for the effect of a broad range of
mortality rates in the sensitivity analysis reported in Figure 2.5 for both men and women.
The overall mortality effects between the control and the intervention group remain
qualitatively unchanged for all sensible levels of diabetes related mortality. The effects on
net cost savings of the intervention are depicted in Figure 2.6 (under the assumption that
the annual costs associated with diabetes are €3000). For females, the results are not
sensitive to diabetes mortality at all, while for males, the threshold at which the results
qualitatively change is an annual diabetes related mortality rate of 23%. Regarding a
variation of the discount rate, we found no significant effects on our cost analysis results.

See Figure 2.7 for the analysis.

2.5 Discussion

The results indicate that a real-world diabetes prevention program like the GOAL LIT can
be cost saving over a time period of 15 years, compared to a control group with no
treatment. Our control group was matched from public panel data; thus, we cannot rule out
that selection bias effects within the treatment group limit our results. We show that
potential cost reductions in the intervention group are mainly due to male participants, but
nevertheless also notable in a representative population. Independent of gender, the
intervention has no significant effects regarding mortality after 15 years in our model.
However, our framework only focuses on type-2 diabetes as one obesity-related disease
and thus tends to underestimate the cost savings as well as potential mortality benefits
(Simmons et al., 2010). This is certainly a limitation to our findings, but nevertheless we
think that this will not alter our results qualitatively as we would expect the following
effects. Regarding mortality it might be possible that a more detailed model with further
co-morbidities will raise the overall rates, but it seems implausible that this will lead to
relatively lower mortality rates in the control group, with mortality positively associated
with the weight level. It should be noted that the data for this study comes from the early

version of the GOAL program. Since then, the program has been further developed and
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enhanced, and for example its Australian version has reported better results in terms of
clinical risk factor changes compared to the early trials (Laatikainen et al., 2007). Hence, it
can be expected that subsequent versions of this program would lead to even more
pronounced net cost savings in the intervention group. The overall costs of obesity will
certainly rise if we extend the model to further obesity related diseases, still this will not
change the cost savings of the intervention as long as the cost effects in the control group
are still higher than in the group of the participants in the intervention. Thus, the inclusion
of further obesity related diseases might even make the intervention more cost saving for
females. However, this does not change our main result that the GOAL LIT pays for itself
from the perspective of the health care system for males and a representative Finnish

population.

2.6 Conclusion

We show that primary prevention of obesity can be cost saving in a prevention program
like the GOAL LIT, even if only the costs of diabetes are regarded as the main co-
morbidity. We think our results can be considered a lower benchmark for the potential cost
savings of preventing obesity and diabetes. Hence, promoting and financing obesity
prevention can be a good way to reduce further increases in health care costs. We find the
intervention to pay for itself due to high cost savings for male participants. However,
because females form the majority in most documented prevention programs, it seems
appropriate to raise the male participant rates in obesity prevention. Further studies should
examine in detail additional cost effects of obesity prevention that are related to other co-
morbidities and try to detect subgroups of the population in which prevention is most

recommendable.
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Appendix Tables

Table 2.4: Expected Reduction of the Lifespan of 15 Years

Fermnale
Control  Full Comergence  75% Comvergence Mo Comverpence
(1) 0453 0455 0.457 458
{0.031}) {0.025) (0.025) {0.024)
(2 0.567 0.537 0.532 0.525
{0040} (0.038) (0.038) (0.037)
(3 0.693 0.652 0.648 0542
{0049} (0.044) (0.0486) (0.046)
Male
(1} 0915 05915 0514 0912
(0062} {0.063) {0.065) (0.063)
4] 1118 1.065 1.060 L.047
{0072} (0,070 {0.070) (0.06E)
(3 1.345 1290 1.283 1.277
{0088} (0.088) (0.085) (0L082)

Three different scenanos for the mortality rate of the non-dizbetic mdnaduals: (1)
equal for all BMI levels, (2) positove comelation with BT level, (3) BMI dependent
tll &5. Standard deviations in brackets.

Table 2.5: 15-Year Costs of Type-2 Diabetes - Scenario (1)

Female
Costs T?D-anmual  Contrel  Full Conv 75% Comy ™ Mo Come

800 217 185 183 173
(= (&) (N )]

2000 542 463 57 433
(23) (18) (18) Yy

3000 815 6a4 685 651
(35) (28) (28) (26)

4000 1082 915 298 867
44 (37 37) (33)

Male

800 T70 633 642 613
(31) (25 (25) 24)
2000 1820 1632 1602 1549
(73) (56) (63) {62)
3000 2884 2448 2405 1322
(114) (98) (93) (30)
4000 3841 3259 3203 3097

(1483 (127 (126) (118)
Seenano for the mortality rate of the non-dizbetic Indnaduzls: (1) equal for all
BMI levels. Anmual Costs of Tyvpe 2 Dhabetes per patient in Euros, discounted
at 3 per cent. Standard deviztions m brackets,
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Table 2.6: 15-Year Costs of Type-2 Diabetes — Scenario (2)

Female
Costs T?2D-anmmal  Contrel  Full Coov 75% Comv ™ No Come
200 216 183 174 173
(i (8} ] (7
2000 540 455 448 433
(23) (1% (19) (18)
3000 808 686 571 648
(33) (28) an (26)
4000 1079 912 896 8687
44 (37 (36) (353
Male
200 T61 640 636 614
(31) (26) (25) 23)
2000 1902 1620 1590 1535
A (83} (62) (60
3000 2863 24 2384 211
(110} (94 (933 (883
4000 3815 3244 3193 3082
(148} (127 (124 (118)

Scenario for the mortality rate of the non-diabetic mdnaduals: (2) posime
correlation with BMI level Anmial Costs of Type 2 Dizbetes per patient mn
Ewros, discoumted at 3 per cent. Standard deviations m brackets.

Table 2.7: 15-Year Costs of Type-2 Diabetes — Scenario (3)

Female
Costs T?2D-anmual  Contrel  Full Comv 75% Com Mo Comr
800 214 181 178 172
(= )] 7 )]
2000 336 453 445 430
(22) (1% (18) oy
3000 802 679 667 644
(33) (28) (28) (26)
4000 1072 907 888 859
(45 (38) (36) 34
Male
200 751 630 629 607
(29) 24) 24) 24)
2000 1878 1600 1573 1518
(75) (62) (62) (39)
3000 2812 2401 2363 277
(108) (94) (93) (27)
4000 3780 3200 3140 3007
(147 (125) (124} (119

Scenano for the mortality rate of the non-diabetic mdnaduals: (3) BMI depen-
dent fill 65. Annual Costs of Type 2 Diabates per patient in Euros, discounted
at 3 per cent. Standard deviztions m brackets.
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Appendix Figures

Figure 2.2: Female Diabetes Prevalence in per cent

Diabetes Prevalence Female /| BMI_2

PerCent
[
%]
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Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals and Full Weight-Convergence in the IG.

Figure 2.3: Male Diabetes Prevalence in % - Scenario (2) for the Mortality Rate of the

Non-Diabetic Individuals
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Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals and Full Weight-Convergence in the IG.
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Figure 2.4: Female Net Cost Savings with Respect to Annual Costs of Diabetes
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Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals and Full Weight-Convergence in the IG.
Threshold for positive net savings: €5007 Annual Costs of Diabetes; Equals a Rate of Complications of 45%.

Figure 2.5: Mortality Effects of the Mortality Rate of Diabetes
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Females (left side) and Males (right side). Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals
and Full Weight Convergence in the IG.
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Figure 2.6: Cost Effects of the Mortality Rate of Diabetes
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Figure 2.7: Cost Effects of the Discount Rate
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3.1 Introduction

One of the main challenges for population health in the developed world is the steady
increase in obesity. In the US, in 2009/2010, 35.7 per cent of the adult population was
obese (Ogden et al., 2012), and in several European countries such as Spain and Germany,
the corresponding percentages lay between 14.7 and 23 per cent. (Brunello et al., 2009;
Mensink et al., 2013). The reasons for this trend are a combination of increased intake of
calories and reduced physical activity (Finkelstein et al., 2005) and the resulting energy
imbalance not only leads to a continuous weight gain but also to severe chronic conditions
such as type 2 diabetes. Globally, it is estimated that 438 million people (7.8% of the adult
population) will have developed type 2 diabetes by 2030 unless effective prevention
programs are implemented (International Diabetes Federation, 2009). Diabetes and other
diseases emerging as consequences of excessive weight will also cause a sizable economic
burden (Guh et al., 2009) through direct medical costs of treatment as well as indirect costs
of illness such as disability and early retirement (Konnopka et al., 2011; Finkelstein et al.,

2003).

In response to this growing burden of obesity, public primary prevention programs against
obesity have been widely recommended (WHO 2004). The European guideline for the
prevention of type 2 diabetes focuses on obesity and sedentary lifestyle as these are the
main modifiable risk factors of the disease (Paulweber et al., 2010). Several studies
(Lindgren et al., 2007; DPP Research Group 2003; Icks et al., 2007; Bertram et al., 2010)
estimated the cost effectiveness of diabetes prevention trials for different countries. Thus
the aim of these studies was to measure either the costs per T2D case prevented or per
QALY gained (see reviews by Paulweber et al., 2010 and Klein et al., 2011). Furthermore,
Li et al.,, (2010) found that among all different interventions recommended by the
American Diabetes Association (ADA), evidence was strongest for the cost-effectiveness
of intensive lifestyle modification among persons with impaired glucose tolerance (IGT).
Nevertheless, it is still controversial if prevention programs conducted in more real-world
settings and among people with increased risk but not yet exhibiting IGT really pay for
themselves from the perspective of the health care system. We examine this question in a

simulation model based on the results of the M.O.B.I.LL.I.S program, a German lifestyle
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intervention to reduce obesity, which is directed on the high-risk group of people who are
already obese. The contribution of this paper is the use of a Markov model to measure

long-term cost savings of this intervention due to prevention of type-2 diabetes.

This paper is organized as follows. Section 3.2 is devoted to a description of data and
methods and first presents an overview of the M.O.B.L.LL.L.S. intervention program and the
analyzed data, followed by a characterization of the Markov model framework and the
analysis of cost savings. Section 3.3 presents the results of the medium-term simulation
and some sensitivity analyses. In Section 3.4 we discuss our findings. Concluding remarks

are offered in Section 3.5.

3.2 Data and Methods

Overview of the M.O.B.1.L.1.S. Intervention

The M.O.B.L.L.L.S. program is a lifestyle intervention to reduce obesity. The program has
been implemented in more than 100 sites throughout Germany since 2004, and with by
now over 6000 participants (Lagerstrgm et al., 2013). The program addresses obese adults
(BMI 30-40 kg/m?) who have at least one additional obesity-related risk factor such as
type-2 diabetes, high blood pressure or orthopedic problems, but are still capable of light
exercise. Individuals with type-1 diabetes or several other conditions (such as eating
disorders, consumption of psychotropic drugs, or cancer treatment in the last 5 years) are
not allowed to participate. The intervention takes place in a group setting (with 15-18
participants per group) and consists of a total of 60 group sessions over a time period of 12
months, with a higher frequency in the first 8 weeks. 40 of the sessions are devoted to light
physical activity such as walking, aerobic, yoga and, if possible, jogging, and the
remaining 20 sessions to nutritional and behavioral counseling. Participants are also

encouraged to utilize sports facilities offered in their communities.

What makes the M.O.B.L.LL.L.S. intervention particularly interesting for a health economic
evaluation is the fact that participation fees are to a large extent reimbursed by public
health insurance. The participants have to pay participation fees of €785 (before 2008:

€685) in advance but upon completion of the program all but a co-payment of €100 is
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returned by the sickness fund provided the person has participated in at least 75% of all
sessions. Thus, besides their intrinsic motivation to improve their health status, the
participants have an additional monetary incentive to attend the program sessions regularly
once they started the program. In fact, of the first 5025 starters, 4336 (or 87%) participated
in the check-up scheduled at the end of the program and 3985 (or 92%) of those or 79% of

all starters had fulfilled the condition of a 75% participation rate.

The effectiveness of the intervention in reducing weight and enhancing the physical
activity of the participants over the intervention period has been documented in the studies
by Lagerstorm et al. (2013) and Berg et al. (2008). Frey et al. (2010) also show that the
intervention effects are persistent one year after program termination. Compared to the
initial levels, average weight was reduced by 6.8 kg (+ 7.8) and weekly physical activity
was significantly higher. Besides that, Gohner et al. (2012) find that compared to a quasi-
experimental control group, the participants show significantly enhanced psychological

variables (self-efficacy, strength of goal intention) at a two-year follow-up.

4 Year Follow-up

The present follow-up study conducted in 2011 and 2012 allows the evaluation of long-
term effects of the M.O.B.L.LL.L.S. program. The follow-up periods after completion of the
intervention vary between 3 and 6 years with an average follow-up period of about 4 years
after the completion of the program. To rule out seasonal effects the participants were
contacted in the same calendar month in which they had completed the program. A total of
Np=958 individuals that had completed the program, had taken part in the one-year follow-
up and fulfilled the inclusion criteria (before the intervention: age 40-60 yrs., BMI 30-40
kg/m®, no type-2 diabetes) were asked by mail and additional personal phone calls to
participate in the study. A response rate of 42% results in a study sample of N=401
individuals, with average age 49.8 yrs. (£5.7), average BMI 34.9 kg/m* (+ 2.7) and a
female share of 82.5%. All medical and anthropometric values of the sample are reliable,
as they were measured and documented by physicians. Additional lifestyle related items

(physical activity, nutrition) were raised on the basis of a questionnaire.
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Table 3.1: Descriptive Statistics of the M.O.B.I.L.1.S. Sample Development

Variable Baseline Completion Follow-up
Weight (kg 98.603 91.305 05.683
(12.246) (13.046) (14.299)
BMI (xg/m?) 34.887 32.317 33.850
(2.692) (3.509) (3.862)
WHR 0.926 0.909 0.917
(0.078) (0.078) (0.082)
Heart rate pm) 78.005 73.990 70.972
(12.269) (11.036) (9.478)
Blood pressure!(mmug) 132.5 / 85.8 126.1 /82. 3 132.1 /825
(15.9 /9.1) (153 /10.6) (15.0 / 9.4)
HDL (mg/an 57.197 59.784 61.714
(13.666) (14.322) (15.742)
LDL (mg/ar) 133.418 131.811 133.952
(33.015) (32.639) (33.798)
Fasting blood sugar (mg/ay 92.970 91.636 93.870
(13.152) (12.737) (16.490)
HbAlc ¢n %) 5.625 5.637 5.649
(0.341) (0.281) (0.435)
Physical Activity? 22.879 37.031 34.305
(21.416) (27.352) (27.269)

N = 401, Standard errors in parenthesis.
I Systolic / Diastolic. 2 Measured as MET per week. Based on the evaluation
of the physical activity questionnaire developed by Frey et al. (1999).

The descriptive statistics in Table 3.1 provide an overview of the sample characteristics
before and after the intervention, as well as for the four-year follow-up. The obesity
measures (BMI, Waist-to-Hip Ratio (WHR)) and reported physical activity have a
common pattern over time. Compared to the baseline, the intervention still has a positive
effect at the follow-up, though there is a clear rebound effect when we regard the
development after completion of the program. However, looking at the other medical risk
indicators, the interpretation is not as clear. For blood pressure, LDL cholesterol, and
fasting blood sugar the initial improvements after the intervention vanish, as the follow-up

levels meet the baseline values. HDL cholesterol and HbAlc show a rising time trend,
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which might be due to general age effects (Davidson et al., 2010) overlapping with

possible effects of the intervention.

In order to check for possible self-selection effects in the follow-up sample we compare the
responders to the non-responders with respect to their initial weight loss during the
program. The differences are not very striking, though we cannot exclude a self-selection
bias for participation in the study. Among responders, 61.4% had experienced a weight
loss of more than 5% while participating in the program, whereas the respective number
among the non-responders was only 49.9%, see Figure 3.2 (in the Appendix) for details.
The response rate of those with an initial weight loss of less than 5% was 35.7%, compared

to 46.9 % for those who lost more than 5% during the program.

Control Group

For an informative evaluation of the economic benefits of the intervention based on the
development of the risk factors, we need to account for the general age-related trend in the
population, which is achieved by including a control group. Due to the real-world
implementation of the M.O.B.LLL.L.S. program and the retrospective study design, we are
lacking an original randomized control group. We overcome this problem with the aid of
an artificial control group, formed from a subgroup of Ny=1308 individuals from the
German socio-economic panel (SOEP) who meet the same inclusion criteria at the
beginning of the intervention. The SOEP sample (Wagner et al., 2007) is representative of
the German population so that comparability for socio-economic and other background
variables should be reasonably high. We performed propensity score matching estimated
on the baseline covariates BMI’, age, and gender for the two nearest neighbors in the
SOEP sample to build our artificial control group. The SOEP dataset only contains
information on weight and BMI as risk factors for diabetes, so we lose the information on

the additional risk indicators included in the M.O.B.I.L.1.S. dataset in the control group. As

> The BMI and weight values in the SOEP are based on self-reported data. We are aware of possible
underreporting bias compared to the values in the intervention group that were collected by physicians.
Nevertheless, we abstract from any corrections that would necessarily be speculative and rely on the
quality of the SOEP questionnaire.
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data on weight is only available in the SOEP sample every two years, we compute the

annual BMI development to account for the one-year period of the intervention.

The average development in the matched control group in comparison to the measured
intervention group values can be found in the first column of Table 3.2. Being matched on
the baseline BMI the control group shows no significant change in BMI in the period until
completion of the program. Over the four years of the follow-up period the average BMI in
the control group grows at a low rate from 34.458 to 35.088 kg/m?, and compared to the
baseline value of 34.887 kg/m” the overall rise in weight in the control group is not
significantly different from zero. Thus the average BMI in the control group is more or less
constant over the observed period, while the intervention group shows the pattern of initial

weight loss and a rebound in the following four years as described before.

Table 3.2: BMI Means and Subgroup Development

| BMI!| BMI <30 30<BMI<35 35<BMI

Baseline Intervention 2 34.887 0.0 0.5287 0.4713
(2.692)

Completion Intervention | 32.317 0.2718 0.5037 0.2244
(3.509)

Completion Control 34.458 0.0698 0.4589 0.4713
(2.792)

Follow-up Intervention 33.850 0.1621 0.4514 0.3865
(3.862)

Follow-up Control 35.088 0.0474 0.4638 0.4888
(3.277)

N=401.

! measured in (kg/m?).

2 Control matched on BMI at the baseline before the intervention.

The observed reduction in BMI from the start to the end of the intervention is 7.37%, while
the estimated average treatment effect (ATE) of BMI development is a 5.87% reduction for
the intervention group, compared to the control group. In the period between completion
and four-year follow-up the observed BMI in the intervention group grows by 4.60%,

whereas the ATE in this period only shows a 2.75% rise in BMI for the intervention group.
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As the ATE is significantly below the observed rebound effect in the intervention group,
we can state that the effects of regaining weight in the intervention group at the follow-up
are on average lower when we take the representative control into account. The differences
in distribution over the three obesity subgroups overweight, obese, and severely obese
(BMI<30, 30<BMI<35, BMI>35) in the M.O.B.I.L.L.S. population and the control group

are presented in Table 3.2. All statistical analyses were performed using Stata 12.

Simulation Framework

Evaluating the long term effects of the M.O.B.L.L.LS. intervention requires information on
the development of obesity related diseases beyond the data of the four year follow-up.
Abstracting from other diseases such as myocardial infarction and stroke, our analyses
focus on the development of diabetes based on the individual obesity level. Using a
Markov cohort simulation we estimate the long-term effects of the M.O.B.LL.LS.
intervention on the prevalence of type-2 diabetes in the control and the intervention group.
The Markov model is a variation of the model used in a previous study to evaluate the

Finnish GOAL Intervention (Haeussler et al., 2012).

Figure 3.1: States of the Markov Model

/\, 2 /\.
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The state-transition Markov model consists of five mutually exclusive (disease) states and
discrete one-year intervals. The model structure depicted in Figure 3.1 allows us to follow
the starting population over a 20-year time horizon, using the annual forecasts for every
state of interest. We limit the time horizon of the Markov model to 20 years because we
think that any weight differences observed between the groups at a later time can no longer
be traced back to the intervention. This is in line with findings of previous follow-up
studies (DPP Research Group 2009). Members of the intervention and control groups
move between the Markov states according to given transition probabilities (see Table 3.3
for an overview). Both groups enter the model at stage zero according to the observed
(estimated) distributions over the model states at the one-year follow-up. The five Markov
states are: 1) no diagnosed diabetes and BMI < 30, 2) no diagnosed diabetes and 30 < BMI
< 35, 3) no diagnosed diabetes and BMI > 35 (afterwards we will refer to all three of these
states as “non-diabetes”), 4) diagnosed diabetes and 5) the absorbing Markov state death.
The initial average age of the individuals entering the Markov model is 54 years, which is
consistent with the average age at the follow-up in both groups. With respect to the gender
shares we simulate the model according to the mixed composition in the follow-up sample
and in a separate subgroup analysis for females only. We do not run a separate subgroup

for males, as the low number of male participants makes a sound analysis impossible.

Table 3.3: Annual Transition Probabilities in the Markov Model

transition to
from BMI <30 30<BMI <35 35< BMI Diabetes? Death?
. 0.80298! 0.18302! - -

BMI < 30 0.63606 0.34994 0 0.00834  0.00566
. 0.02467! 0.83391! 0.11256! -

‘ Qe DED] 566
30 < BMI < 35 0.01526 0.89981 0.05607 0.02320  0.00566
G 0.04142! 0.90911! : e
35 < BMI 0 g o155y 004381 0.00566
Diabetes? 0 0 0 0.99425 0.00575

Upper line: intervention group, lower line: control group

! Depending on the assumed further weight development in the intervention group the
values adjust to the control group over time.

2 Values for the age 55-60. Age-dependent in 5-year steps.
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The annual transition probabilities between the three non-diabetes states are computed
from the analysis of the BMI development between the end of the M.O.B.LL.LS.
intervention and the follow-up four years later, and the respective changes in the control
group. We do not further consider the BMI progress within the year of the program for the
computation of the transition probabilities, as this would implicitly assume regular
repetition of the intervention. However, the singular one-year intervention effect is
captured by the composition of the intervention group and control group with respect to the
Markov states at the start of the simulation. To account for a further equalization in weight
development of the intervention group to the general time trend reflected by the control
group, we assume a linear adjustment of the non-diabetes transition probabilities starting
after the 4-year follow-up to the control group values over 10 years. This assumption is in
line with previous findings on long-term effects of weight reduction (DPP Research Group,
2009; Norris et al.; 2005).3 In line with the data for the development in the intervention
group and the control group, we assume that annual weight changes are not big enough to

jump from the lowest to the highest non-diabetes state (or vice versa) in one step.

All other annual transition probabilities are based on the results of other studies and
German epidemiological data: non-diabetes to diabetes (Rathmann et al., 2009; Bonora et
al., 2004), non-diabetes to death and diabetes to death (Statistisches Bundesamt, 2010;
GBE, 2006; Bender et al., 2006), are all one way. The transition probabilities to the state of
death are adjusted to the gender composition of the samples and they are age-dependent in
five-year steps. Due to missing data the transition from non-diabetes to death does not
differ by BMI category. All of the people who die remain in this state forever and we only
regard diagnosed cases of type-2 diabetes mellitus where no cure is feasible. Those
probabilities are assumed to be equal for the two groups of individuals, but they vary by
age and are adjusted to the gender composition of the groups. All simulations were

performed using TreeAge Pro Healthcare (Release 1.0 b1, 2001; TreeAge Software Inc.).

? Since after the end of the program members of the intervention group on average gain weight faster than
members of the control group due to the rebound effect, this assumption also prevents the implausible
outcome that after a number of years the former are on average heavier than the latter.
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Cost Analysis

The results of the Markov simulation are the foundation of the subsequent analysis of
expected cost savings. The cost analysis (CA) adopts the perspective of the health
insurance system and abstracts from effects on human capital, work loss etc. Also,
subjective utility from the health state does not enter the CA. We measure the direct costs
of diabetes by monetizing the simulation outcomes for diabetes prevalence in each year

and in both groups.

The diabetes costs in year i are defined by the following equation:
Costs_i_group=[COStS_wso complications + Rate_i_compiications *COSIS_with comp] *Prevalence ;_group.
Discounted overall costs of diabetes for each group are respectively:

20 1

Costs.

i i_ group *

COSTS =
group Zi:O (1 + I")l

Based on the results by Guh et al., 2009, we assume no complications for the first five
years and afterwards a linear increase to an average complication rate of 25% from 10
years on. Regarding the treatment costs of diabetes in Germany we use the value of 850 €
for the disease without complications and €8,830 with complications (Koster et al. 2006
and 2011). The intervention costs - for a sickness fund — are €685 (€585 before 2009),
resulting in average intervention costs according to the sample composition of €673. For
our evaluation, we only take into account the costs without the deductible of €100, as we
adopt the perspective of the sickness fund. All costs are expressed in 2011 euros and all

future costs were compounded at an annual discount rate r of 3 per cent.

Sensitivity Analyses

To check for the validity of our results we conduct one-way sensitivity analyses regarding

the values of all parameters of the model.
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3.3 Results

3.3.1 Mortality

The simulated cumulative annual mortalities depicted in Figure 3.3 (in the Appendix), for
the mixed gender groups, indicate that the intervention has no significant effect on the
longevity of the individuals. The overall time trend of the mortality rates is the same for
the intervention group and the control group, with the annual rates differing only at
insignificantly low margins. The cumulative mortality after 20 years is 27.00% in the
control group compared to 27.28% in the intervention group. Similarly, the difference in
average annual mortality rates between 1.35% in the control group and 1.36% in the
intervention group is not significantly different from zero. The simulation results for the
female subgroup show that the described mortality effects are independent of the gender
composition of the groups. In this case, the cumulative mortality rate after 20 years is
20.26% (20.05%) in the intervention (control) group. Summarizing the results, we can state
that, at least in our model setup, the M.O.B.LL.L.S. intervention has no effects on long-

term mortality rates.

3.3.2 Diabetes Prevalence

The annual prevalence rates of diabetes over the 20 years of the simulated time horizon are
depicted for the intervention group and the control group in Figure 3.4 (in the Appendix).
The prevalence level in the intervention group is markedly below that in the control group
over all the 20 years, with an average annual rate of 4.59% in the intervention group
compared to 6.87% in the control group. The simulated diabetes prevalence at the end of
the simulation is 31.9% lower in the intervention group than in the control group, with an
absolute difference of 4.73 percentage points. The estimated diabetes prevalence in the
M.O.B.LLL.L'S. population would be considerably lower if the success of the intervention
persisted over the whole period. Looking at the literature on the long-term effects of other
interventions (Norris et al., 2005; Tuomilehto et al., 2001) this scenario seems unrealistic

but we included the simulation as a benchmark in the sensitivity analysis.
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The prevalence of diabetes for the female subgroup shows the same pattern as described
above for the mixed group, though the differences in prevalence rates are a bit less
pronounced. On average, the annual prevalence rate is 3.67% (5.10%) in the intervention
(control) group. At the end of the simulated time horizon the diabetes prevalence is 8.04%
in the intervention group compared to 10.97% in the control group. This prevalence being
26.7% lower in the intervention group compared to 31.9% in total indicates that the male
share of the mixed sample has a positive influence on the effectiveness of the intervention

as a whole.

Based on the diabetes prevalence projections we can make a first statement regarding the
effectiveness of the M.O.B.L.LL.L.S. intervention. The incremental cost-effectiveness ratio
(ICER) of the intervention, for the mixed group setup, results as €343.10 per percentage

point of average diabetes prevalence over the period of 20 years.

3.3.3 Cost Analysis

As discussed in the methods part, the extent of the net cost savings depends on the average
time between the onset of type-2 diabetes and the onset of complications (see Table 3.4 for
an overview). In the extreme case of no complications at all, the M.O.B.LL.LS.
intervention does not pay off from the perspective of a sickness fund. In that situation with
annual type-2 diabetes costs of €850, the difference in the discounted (avoided) diabetes
costs between control and intervention group amounts to €446. With average intervention
costs of €673 for a sickness fund, this leads to net costs per participant of €227 for the
mixed group and €269 for the female subgroup.”

Following the rationale of the computation described in the methods part — with an average
time till the onset of complications of 10 years — the M.O.B.L.LL.1.S. intervention is cost
saving. Based on the assumption that the costs of type-2 diabetes rise linearly from €850
(cost without complications) in the first five years after diagnosis to €3057 (25%
complications on average) in year 10 and afterwards, the differences in the costs of

diabetes are as follows: The discounted diabetes costs cumulated over the whole period of

* As Table 3.4 contains cost savings, these differences of 227 and 269 € appear as negative numbers.
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20 years are €1000 lower for individuals from the intervention group than for those from
the control group. For the mixed gender group this results in net cost savings of €327 from
the perspective of a sickness fund. The positive result also holds for the female subgroup,

with net cost savings of €299.

Table 3.4: Overview of Net Cost Savings

Avg. Complications Mixed Group All Female
NO -227 € -269 €
after 5 years 411 € 349 €
after 10 years 327¢€ 299 €

after 15 years 269 € 228 €

With the assumed scenario in bold. 25% complications on average.

3.3.4 Sensitivity Analyses

The analysis in the previous section shows that the results of the CA are affected by the
assumed timespan before diabetes with complications sets in. But only in the extreme case
without any complications the results are affected qualitatively. Altering the timespan from
10 years to 5 or 15 years shows that the results are robust for moderate changes to the
parameters of this model and provides a confidence interval for the magnitude of the cost
savings. In the mixed group, if 5 years pass before the onset of complications, the net cost
savings are €411, while the figure is reduced to €269 if 15 years pass before complications

arise.

As discussed above, the results of the CA are sensitive to the assumed parameters. After
checking for the effect of the variation of each parameter, the results of the model turn out
to be robust for all sensible parameter values. A summary of the single variations is
presented in the tornado diagram of Figure 3.5 (in the Appendix), where the width of a
single bar reflects the sensitivity of the diabetes costs for a variation in the respective

parameter. The dotted vertical line in the diagram stands for the breakeven point in the CA
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for the mixed group as discussed above. When a single parameter variation affects the
breakeven of the CA in general this is depicted by a bold vertical line in the respective bar.
Thus for example the variation of the start age of the individuals entering the model does
not affect the result, in the sense that the intervention has net cost savings for the whole
interval from 45 to 65 years. For all other parameters the choice of the assumed value
might affect the evaluation of the intervention. However, looking at the parameters in
detail the assumed values in the model specification are for each of them far away from the
critical values. Thus, we can summarize that the specification of the model parameters

does not drive the positive results of the net cost analysis.

Assuming an adjustment of the BMI development in the intervention group to the trend in
the control group should be considered critical, as it influences our results considerably.
Without this adjustment, the CA results change significantly. The resulting net savings of
the intervention drop to €129.70, compared to €327 under the above assumption for the
mixed group. A similar effect can be observed in the female subgroup, where the net

savings drop from €299 to €124.80 without the adjustment assumption.

3.4 Discussion

We are well aware of the limitations and shortcomings of the current study that have to be
considered. The first point to look at is the lack of a randomized control group for the
evaluation. Although we are missing socioeconomic background variables for the
intervention group to compare them directly with our matched control group, differences
with respect to socioeconomic status should be considered a minor problem since the
intervention group was recruited from all over Germany and the control group is a matched
representative subsample of the German population. The main problem with the artificial
control group is, of course, that we cannot account for a possible selection bias with
respect to participation in the intervention for the control group. This might exaggerate the
effects for the intervention group — as participants have the intention to lose weight — but
this will not alter the implications of the analysis for the evaluation of public prevention
programs. As long as prevention programs offered by sickness funds are voluntary, we will

always observe comparable self-selection of participants.
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Besides this selection effect at the baseline, we have to consider the differences between
responders and non-responders at the four year follow-up, as mentioned in the data section
and depicted in Figure 3.2. The follow-up responders had on average a larger weight loss
by the end of the program, which might in general exaggerate the long-term effectiveness
of the whole intervention in the present analysis. However, looking at BMI development
between the completion of the program and the follow-up in detail, it appears that this self-
selection of responders does not obviously bias our findings in one direction. The effect of
an initial BMI decline on the BMI development in the 4 year follow-up period is
significantly negative, with an estimated coefficient of -0.429 (SE: 0.054). Thus the
observed rebound effect is stronger for those who lost more weight during the program.
This larger regain in BMI has in turn negative consequences for the long-term
effectiveness of the intervention. Considering these two points it is not clear that the larger
share of initially successful responders in the follow-up overstates the effects of the

intervention.

Regarding the structure of the Markov model two points can be criticized, the pure
foundation on BMI changes and the focus on diabetes as the only cost relevant outcome.
We think the former issue is justified by the fact that our control group dataset does not
allow for a richer model, as the BMI is the only relevant risk factor we can observe. The
focus on the cost of diabetes might understate the effectiveness of the intervention in the
CA as we omit possible cost savings due to other obesity associated diseases.
Consequently we regard our positive cost saving results as a lower benchmark for the total
cost effects of the M.O.B.LLL.L.S. intervention and think that considering further diseases
should add further cost savings. The effect on the simulated mortality should on the other
hand be minimal, as the overall mortality rates for obese persons used in the model as

transition probabilities reflect the other diseases as well.

Conducting the cost analysis from the perspective of the health care system might neglect
some additional benefits for the society at large. Nevertheless we think the health care
system perspective is the right one for this analysis as we evaluate a program advertised
and reimbursed by sickness funds. Besides looking at the simulation results we think there
is another point for our perspective. As projected mortality rates in the intervention group

and control group do not differ significantly, taking those effects into account would not
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change the CA results we found from the perspective of the health care system. A further
issue is that our analysis neglects sick leave costs of diabetes. This is a valid point,
although in our model framework these costs — for a population with a starting age of 54

and a time horizon of 20 years — could only occur in the first years.

The difference in the magnitude of effects between the mixed group and the female
subgroup basically reflects the lower diabetes prevalence over the whole simulation
horizon of women. On the other hand this effect is decreased by the higher female life
expectancy. In combination with effects due to the composition of the mixed group we
cannot make any predictions on the effectiveness of this intervention for a subgroup of

male participants.

3.5 Conclusion

In this paper we have shown that from the perspective of the health care system, real-world
diabetes prevention programs for obese people such as the M.O.B.L.L.LS. intervention may
pay for themselves in the long run. We consider the net cost savings found in our study as
a lower bound for the total cost effects of the intervention as we only evaluate the costs of
diabetes. Taking avoided costs of further obesity related diseases into account would
presumably raise the net effects of the intervention. On the other hand, the estimated cost
savings themselves may be slightly biased upward due to the (mild) self-selection of
participants. It seems, however, reasonable to assume that this upward bias is smaller than
the downward bias mentioned before. From a policy point of view, the results indicate that
allowing sickness funds to invest in prevention might help to reduce health care
expenditures, if the funds are able to detect effective programs and address the appropriate

target groups.
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Appendix

Figure 3.2: Influence of Initial Program Success
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Figure 3.4: Annual Diabetes Prevalence Rates
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Figure 3.5: Tornado Diagram of the Model Parameters
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Chapter Four

Effects of Obesity and Physical
Activity on Health Care Utilization
and Costs
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4.1 Introduction

The last two decades are characterized by dramatic shifts in lifestyle patterns, with
increasing sedentary occupations and nutrition that is dominated by carbohydrates in most
parts of the Western world (Knuth et al., 2009). As a result of these lifestyle behaviors, the
share of the population that is obese is growing steadily (Mozaffarian et al., 2011),
particularly in the US (Odgen et al., 2012), but also in most European countries (Berghofer
et al., 2008). In Germany, the obesity rates have been increasing continuously since the
1990s and reached 23.4% for both males and females in 2011. This trend is observable
over all age groups, although the rise from 10% (1990) to 15% (2011) in the age group 25
to 34 years is in particular remarkable (Mensink et al., 2013). Obesity and a sedentary
lifestyle are associated with several serious diseases (Guh et al., 2009; Lee et al., 2012).
For example, obese people have a higher risk for type 2 diabetes (Abdullah et al., 2010),
cardiovascular disease (Wormser et al., 2011), and stroke (Strazzullo et al., 2010).
Lifestyle behaviors and obesity are therefore directly and indirectly associated with

enormous economic consequences (Finkelstein et al., 2005).

The economic costs of obesity, either in the form of direct costs through higher health care
expenditures or indirect costs as a result of productivity losses, are quantified in numerous
empirical studies (Cawley et al., 2012; Trogdon et al., 2008; Finkelstein et al., 2005;
Withrow et al., 2011). In total, the costs associated with obesity are a substantial part of
health care expenditures in most OECD countries. In Germany Konnopka et al. (2011)
quantify the direct costs of obesity to be 4.8 billion euros or 2.1% of total health care
expenditures. Several other studies analyze the burden of physical inactivity (Katzmarzyk
2004, Oldridge 2008), and find considerably higher medical costs, particularly due to the
higher risk of cardiovascular diseases. On the other hand empirical work simultaneously
examining the effects of lifestyle behaviors and obesity on medical costs is scarce (Pratt et
al., 2000; Wang et al., 2004; Yang et al., 2011). The studies all establish some cost-
reducing impact of physical activity independent of the body-weight, while diet has no
significant effects at all. For Germany, evidence on the question of how physical activity
and nutrition affect the health care costs of obesity based on individual data is completely

lacking. In the current paper I try to close this gap by examining the relationship between
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lifestyle behaviors and obesity to help to explain health care utilization and health care
costs in Germany. To do so, I use a community-level panel dataset and evaluate the

lifestyle consequences on inpatient services and on visits to primary care physicians.

The paper tries to assess the cost saving effect of physical activity for obese people in a
small town German population. This paper is organized as follows: Section 2 provides a
description of the Bad Schonborn dataset and continues with a characterization of the
methods used. Section 3 first presents the results for health care utilization and then turns
to the impact on health care costs. In Section 4 the results are discussed in detail, before

Section 5 closes with some concluding remarks.

4.2 Data and Methods

4.2.1 Sample

The dataset analyzed in the current study is based on the Bad Schonborn Study, a health
survey on the community level that is ongoing since 1992 (Woll et al., 2004). Bad
Schonborn is a midsize community in southern Germany with about 12,000 inhabitants.
The original participants in 1992 (Ng,=495) depict a representative sample of the
population aged 33 to 56 years, with respect to gender, socio-economic status, and health
status. The survey has been conducted in five-year intervals since 1992 with the latest
wave of data collected at the end of 2011. To keep an appropriate sample size in the view
of panel attrition, new participants were recruited for each new wave. The present analyses
are restricted to N=425 individuals that are included in the 2007 and 2011 datasets, 40% of

whom were already included in the 1992 sample.

The dataset contains a broad range of variables on lifestyle, health status, and utilization of
health care. All of the included medical risk indicators (blood pressure, cholesterol, blood
sugar) and the obesity indicators (Body-Mass-Index (BMI), Waist-to-Hip-Ratio (WHR))
are recorded by physicians. Lifestyle information includes the frequency, strength and type
of physical activity, as well as composition and frequency of nutrition. In addition the
sample contains self-reported data on health status, diseases, smoking behavior, education
and family background. Due to the questionnaire structure and study design I can only rely

on the variables pertaining to health care utilization (visits to primary care physicians,
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hospitalization) of the 2011 wave for the current analyses. The descriptive statistics in
Table 4.1 provide an overview of the 2011 wave of the dataset. With a female share of
53.6% and an average BMI of 26.84 kg/m” the Bad Schonborn sample is representative of
the general German population of the respective age group (Mensink et al., 2013).
Individuals in the sample lead, in general, a more health-conscious lifestyle than the
German average with an 8.8% share of smokers (compared to 29.7% of the general public
in Germany (Lampert et al., 2013)) and 80.2% of reported physical activity once a week,
while the national average lies at 50.5% (Krug et al., 2013). This healthier lifestyle is also
reflected in the lower share of obese individuals (22.2% compared to 30% at the national

level) in the age group above 55 years (Mensink et al., 2013).

Table 4.1: Descriptive Statistics of the Bad Schonborn Dataset

WVariable Mean Std. Dev. Min Max
Gender! 0.536 0.499 0 1
Age 53.480 11.357 25 79
Partner? 0.902 0.208 0 1
Education® 2.807 1.576 0 5
Children 1.899 0.866 0 5
BMI-11* 26.844 4.386 17.3 a0
BMI-074 26.021 4.137 17.5 49.6
Smoker-07 0.088 0.283 0 1
Aleohol-07 0.765 0.425 0 1
Sport-07 0.802 0.399 0 1
#Sport-07° 3078  2.003 0 7
Vegetarian 0.051 0.007 0 1
No Fruits 0.083 0.205 0 1
No Sweets 0.064 0.237 0 1
Chronic Disease®  0.053 0.180 0 1
N = 425; !Female=1; 2Long-term relationship=1;

* Education: 0= no graduation,...5=University Degree:
5 ;5 A% %
! measured in kg/m?; * Vigorous exercise per week;

& Diabetes, Chronic Back-pain, Cancer.
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The particular lifestyle behavior in the community might be explained by an enhanced
health consciousness through the repeated participation in the study and accompanying
efforts by the local authorities. With respect to utilization of healthcare in the last 12
months the study sample differs from the representative German population (Rattay et al.,
2013). The reported number of annual visits to primary care physician of 3.5 (4.7) is
relatively low compared to 6.2 in the respective national age group. On the other hand the
annual share of persons with inpatient hospital treatments in the sample lies at 24.8 %

(20.0 — 28.5, 95% CI), compared to 19.6% (17.0 - 22.5, 95% CI) in the representative age
group.

4.2.2 Methods

The dataset provides a broad range of variables on physical activity and nutrition. For the
present analyses, I only choose a small number of variables which allow clear-cut
interpretations. To measure physical activity, I apply the binary variable ‘Sport’ — asking
individuals to indicate vigorous physical activity in general - and the discrete variable
‘#Sport’ — reporting the number of days the individual is active in an average week.
Accounting for many different types of nutrition schemes in general and in the dataset, I
examine a subset of three different distinguishable eating behaviors. ‘Vegetarian’, ‘No
Fruits’ and ‘No Sweets’ are the categories through which nutrition enters into the

following analysis.

In a first step I analyze the effects of current and past lifestyle (physical activity and
nutrition in 2007 and 2011) and past BMI (2007) on medical care utilization in 2011. In
order to disentangle the effects on outpatient and inpatient utilization I examine physician
visits and hospitalization separately. In line with the literature I use a two stage hurdle
model (Jones, 2000; Pohlmeier et al., 1995) to analyze general practitioner (G.P.) visits.
The logistic model in the first stage reflects the binary contact decision, while the negative
binomial distribution at the second stage accounts for the count data structure of the
variable, as well as for over-dispersion of the variable (the standard deviation being greater
than the mean). Due to the binary structure of the data on inpatient hospital treatment in the
last 12 months, I use a logistic regression model for the analysis of hospital utilization, as it

exhibits a better fit than the alternative Probit model. All of the cases of hospitalization that
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are obviously not related to sports and nutrition (accidents, pregnancy) are purged from the
dataset. The covariates included in both analyses are age, gender, relationship status,
education, children, health insurance status, medical risk indicators (blood pressure,
cholesterol, blood sugar), smoking as well as drinking behavior and a binary measure for

several chronic diseases (e.g.: Diabetes, Chronic Back-pain, Cancer).

In a second step, I turn to the investigation of the effects of the individual’s current and
past lifestyle (physical activity and nutrition in 2007 and 2011) and previous indicators of
being overweight and obese (2007) on health care costs in 2011. Therefore, I first compute
a health care cost variable containing annual outpatient and inpatient costs in 2011 based
on the data regarding visits to a primary care physician and hospitalizations (accounting for
readmissions in the course of the same year). For costs of visits to physician I use values
for G.P. visits in 2011 (KBV 2012) which amount to €26.27 per visit’. The dataset does not
allow for case-specific inpatient costs, so the investigation is based on average costs of
hospitalization. Therefore, I use average hospital costs per case in 2011 for Baden-
Wiirttemberg of €4,218 (Statistisches Bundesamt 2013). All reported costs are in euros of
2011.

Given the cost values, I analyze the effects of lifestyle and obesity in several ways. First, |
use a standard ordinary least square estimator (OLS) with robust standard errors to provide
an overview of the cost effects. Afterwards, I repeat the analyses using a generalized linear
model (GLM) with a log link function and a gamma distribution that accounts better for
the structure of the costs (share of zeros, right-skewed variables) (Jones, 2000). The choice
of the GLM with log link and the gamma distribution is confirmed by a modified Park test
for the choice of the gamma family after performing a modified Hosmer and Lemeshow
test and a Pearson’s correlation test for the choice of the link function (McCullagh &
Nelder, 1991). Given the results of the gamma model, marginal health care cost effects are
computed for the significant factors. The covariates included in all equations on health care
costs are the same as in the utilization analyses. All statistical analyses were performed

using Stata 12.

> Costs per case for G.P.’s in Baden-Wiirttemberg in 2011 €60.42 (KBV 2012). Average annual G.P. visits in
2011 on the national level: 9.2 (Rattay et al., 2013). Average visits per case: 2.3; and resulting calculated
costs per G.P. visit of €26.27.
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4.3 Results

4.3.1 Utilization

The results of the two-stage analysis of G.P. utilization in the year 2011 are summarized in
Table 4.2. The first stage analyzes the decision to contact a physician, while the second
stage equation represents the frequency of physician visits of those with at least one visit
per year. In the first stage logistic equation three variables have a significant effect on the
probability to visit a physician. A higher BMI in 2007 and a diagnosed chronic disease lead
to a higher visit probability in 2011. In addition, females demonstrate a significantly higher
probability to see a G.P. at least once per year. None of the other control variables reaches
a significant level. The negative binomial model at the second stage controls for the
influence of the same control variables, though it explains the frequency of G.P. visits in
2011. In this case, gender no longer plays a significant role, while the individual’s age has
a convex influence on the number of visits. For young individuals the frequency declines
with age, whereas it rises in age for the elderly. Some of the lifestyle variables indicate that
a ‘healthier’ lifestyle in 2007 reduces the number of times an individual contacts a G.P. in
2011. Having had a lower BMI in the past and participating in physical activity at least
once per week significantly reduce the frequency of visits. On the other hand, the effects of
lifestyle are also limited. None of the nutrition patterns has an influence on the number of
visits, and for those who are physically active the number of active days they exercise per
week has no effect. In addition only the circumstance of a chronic disease is significant in

explaining the visit frequency.
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Table 4.2: Negbin Hurdle Model for G.P. Utilization

1. Stage: Logit 2. Stage: NegBin
Variable Coef. t-value Coef. t-value
Gender 0.852* 1.99 0.036 0.12
Age -0.096 -0.47 —0.191* -2.06
Apge2 0.001 0.53 0.002* 1.99
Partner . . -0.420 -0.87
Education 0.085 0.51 0.122 1.37
Children 0.373 1.31 0.256 1.76
BMI-07 0.145** 2.68 0.072** 2.45
Smoker-07 0.570 0.53 0.320 0.73
Aleohol-07 0.003 0.16 -0.495 -1.63
Sport-07 -1.315 -1.24 —0.707* -2.21
# Sport-07 - - 0.004 0.05
Chronic Disease! 0,182+ 2.16 0.102* 2.16
Nutrition-072 no ves
Log Likelihood -1.773 -1,742
n 425 403

! Diabetes, Chronic Back-pain, Cancer;
2 Controls for "Vegetarian’, 'No Fruits’, 'No Sweets’.
* significant at the 5 % level** significant at the 1 % level.

Table 4.3 contains the results of the logistic model for hospitalization in the year 2011. The
reduced form equation only includes past BMI, smoking and drinking behavior, and some
general background covariates. The richer model shows the influence of taking the
additional lifestyle variables into account. In both specifications age has a convex effect on
hospitalization, meaning that the probability of an inpatient stay in hospital first declines
with age and then rises again. The magnitude of the positive effect of past BMI on hospital
utilization is not affected by model specification, indicating that a higher probability of
hospitalization is associated with the presence of obesity, independent of other lifestyle

variables. Past alcohol consumption (binary variable) reduces the probability of
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hospitalization in the reduced model significantly, while this effect can no longer be
established in the extended form. Except for the binary variable for a chronic disease, all
other control variables in the reduced form equation are insignificant. From the lifestyle
indicators added in the extended equation, only the binary variable for weekly physical

activity in 2007 has a positive effect on hospitalization in 2011.

Table 4.3: Logit Model for Hospitalization

Variable Coef. Std. Div. t-value Coef. Std. Div. t-value
Gender -0.076 0.279 -0.27  0.036 0.289 0.12
Ape —0.236* 0.104 -2.29  —0.191* 0.109 -1.586
Age2 0.002=*  0.001 2.56  0.002* 0.001 1.99
Partner -0.218 0.475 -0.46 -0.419 0.452 -0.87
Education 0.090 0.086 1.05 0.122 0.089 1.37
Children 0.231 0.142 1.64 0.256 0.145 1.76
BMI-07 0.076**  0.028 266 0.072** 0.030 2.40
Smoker-07 0.411 0.433 0.95 0.319 0.439 0.73
Aleohol-07 —0.577  0.205 -1.96  -0.498 0.305 -1.63
Sport-07 - - - —0.707 0.320 -2.21
# Sport-07 - - - 0.004 0.068 0.05
Chronic Disease 1 0.033¢ 0.153 2.31 0.023* 0.103 2.07
Nutrition-072 no - - ves - -
Log Likelihood -1,195 -1.186

n = 425;

! Diabetes, Chronic Back-pain, Cancer;
2 Controls for "Vegetarian’, 'No Fruits’, 'No Sweets’.
* significant at the 5§ % level ** significant at the 1 % level.

Neither the intensity of weekly physical activity nor the various nutrition patterns are
significant. Additional medical risk indicators (blood pressure, cholesterol, blood sugar)
are all insignificant for both utilization decisions above when the equations control for past

BMI and the diagnosis of a chronic disease.
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4.3.2 Health Care Costs

The results of the OLS regressions presented in Table 4.5 in the Appendix provide a first
overview of the direction and magnitude of the estimated effects of lifestyle on annual
direct health care costs (hospitalization and G.P. expenditures). The reduced form equation
in the first column OLS (1) does not include past physical activity and nutritional measures
and only quantifies the effect of previously being overweight by BMI (2007) on 2011
health care costs. An increase in one BMI point raises health care costs by 78.52€. The
large reduction in cost (€476.12) induced by drinking alcohol is no longer significant when
I control for other lifestyle factors in the general specification of OLS (2). Age has a
convex effect on health care costs, with minimal costs at the age of 49 years. The model
OLS (2) includes additional lifestyle measures and also controls for several chronic-
diseases. The magnitude of the effect of being overweight is hardly affected by the
additional control variables and still lies at €77.47 per BMI point. Those who are not
physically active at all in 2007 have €479.40 higher health care costs in 2011 than the
group that is active at least once per week. The intensity of physical activity has no
influence on the costs nor does the individual’s nutrition. Having a diagnosed chronic
disease increases health care costs by €280.69. The established age effect is unaffected by
the model speciation, with minimum costs in OLS (2) at the age of 48.5 years. OLS models
have well known problems in the analysis of health care cost data (Jones 2000), which is
confirmed by the Pregibon test for linearity that suggests dropping the OLS model.
Nevertheless, for the present dataset the OLS specification at least passes Ramsey’s

RESET test.

The results of the GLM estimation with log link, gamma distribution, and bootstrapped
standard errors contained in Table 4.6 (in the Appendix) are the foundation for the
marginal cost effects reported in the following. As with the OLS equations above, the
reduced form equation Gamma (1) only controls for BMI in 2007, while Gamma (2)
includes all the other lifestyle variables. Comparing the results of Gamma (1) and (2)
indicates that health care costs in 2011 are increasing with age, though introducing the
quadratic age term has no significant effect. Per year of life the annual health care costs
increase by €21.21 (£9.94) under the model specification of Gamma (2). A high BMI

significantly increases health care costs in both model specifications, with a per BMI point
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cost increase of €71.69 (£27.55) in Gamma (1) and €61.16 (£29.58) when controlling for
the other lifestyle factors. For physical activity at least once per week in Gamma (2), I
establish a large cost reduction of €505.73 (£242.58) per year. Having a diagnosed chronic
disease induces additional costs of €322.13 (£160.37). The intensity of physical activity, as
well as the different controls for nutrition and all other control variables do not have a
significant influence on health care costs in both GLM estimations with the gamma
distribution. Including additional 2011 medical risk indicators has no significant influence
on health care costs when the equations control for 2007 BMI and the diagnosis of a
chronic disease. The choice of the gamma distribution is confirmed by a Park test, and
Pregibon’s link test confirms the model fit, with p-values above 0.872 for all above

specifications.

Table 4.4: Lifestyle Behaviour and Marginal Effects on Health Care Costs

Cost difference from / to Normal Weight No Physical Activity
Overweight 377.50 -
(195.98) -
Obese 565.90 -
(255.9) :
Physical Activity All . -505.73
(242.58)
Physical Activity Overweight - -619.43
(306.16)

All costs in 2011 Euros. Bootstrapped standard errors in parenthesis.
All effects significant at least at the 5 % level.

Controlling for subgroup effects for overweight and obese individuals in the rich Gamma
(2) specification identifies some additional cost effects. Compared to individuals with
normal weight in 2007 (BMI < 25 kg/mz) health care costs in the overweight group (25 <
BMI < 30) are €377.59 (£198.98) higher. The costs incurred by the obese (BMI > 30) are
€565.90 (£255.9) above the level of individuals with normal weight. For the subgroup of
overweight individuals, physical activity reduces health care costs by €619.43 (+£306.16)
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compared to the inactive. However, this cost-reducing property of physical activity cannot
be identified for obese people. All of the significant marginal effects of lifestyle behaviors
on health care costs in the GLM model with gamma distribution are summarized in Table

4.4.

4.4 Discussion

Overall, I find that age, overweight and obesity, a diagnosed chronic disease and physical
inactivity are all associated with higher utilization of medical services and increased health
care costs. These results confirm effects that have been established separately in previous
studies on the impact of physical activity and obesity on medical expenditures for different
countries (Pratt et al., 2000; Wang et al., 2004; Yang et al., 2011). The advantage of the
present study is the use of lagged lifestyle variables and reliable present diagnoses of
chronic diseases to preclude the possibility of reverse causality, i.e. health status affecting

current lifestyle behaviors.

The reported positive influence of physical activity on the health care costs of overweight
individuals emphasizes the importance of a minimum amount of physical activity for
individual health and wellbeing. Thus some of the negative health effects of being
overweight can be offset by the positive consequences of lifestyle behavior. Nevertheless, I
do not find this positive influence of physical activity for the subgroup of obese
individuals. One can think of two explanations for this finding: either physical activity has
a positive effect but it cannot compensate for the health care costs of obesity, or due to a
higher risk of injuries physical activity comes with additional costs for the obese. For other
subgroups (age, gender), I also checked possible interaction effects with physical activity
but, as for the obese, no significant effect on health care costs can be established for any of
them. Comparing the magnitude of medical costs of physical inactivity of €505.73 with the
results of previous studies for the US is difficult due to differences in health care provision.
On the other hand the level between $330 (Pratt et al., 2000) and $459 (Wang et al., 2004)
is close to the present findings and confirms similar consequences resulting from a
sedentary lifestyle. Regarding the subgroups of overweight and obese individuals, the
present findings are partly contradictory to the findings by Wang et al. (2004). While these

authors state that physical activity only has a cost-reducing effect for the obese, I can only
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find this effect for the overweight subgroup. This might be explained by country-specific
factors as well as by the fact that they do not use lagged lifestyle variables.

The dataset has some characteristics that limit the generalization of the results of this
paper. As mentioned in Section 2, the individuals in the community of Bad Schénborn are
on average more health conscious than the general German population. Consequently,
projections of the overall burden of lifestyle behaviors and obesity for the health care
system based on the results of the present analysis would not be meaningful. In addition,
the fact that the sample only includes inhabitants of one small city neglects possible
structural differences that determine the utilization of health care services (Carlsen et al.,
1998). Nevertheless with the representative gender structure and an average BMI level for
the age group the findings are generally applicable for individuals with an above-average

health consciousness.

The finding that the individual diet influences neither utilization nor health care costs is in
line with previous results (Wang et al., 2005). The reasons for these results can be twofold:
Either medical care costs are really independent of nutrition, or the variables measuring
nutrition behavior (‘Vegetarian’, ‘No Fruits’, ‘No Sweets’) are not precise enough. Apart
from that, the share of ‘normal’ eaters (89.4%) in the sample might simply be too high to

find significant effects for deviating eating behavior.

The low number of 22 individuals (5.2%) who did not visit a G.P. in 2011 can be explained
by the age structure of the sample that only includes 12.7 % younger than 40 years. The
small variance in the decision to contact a physician in the analysis of G.P. utilization leads
to lower significance levels of the explanatory variables (age and sport) in the first stage

logit equation of the hurdle model compared to second stage negative binomial model.

The decision to measure the utilization and cost impacts of obesity and lifestyle behaviors
four years ago might not be obvious at a first glance. However, regarding current health as
a stock variable in the tradition of Grossman’s Human Capital model (Grossman, 1972)
indicates that current health can mainly be explained by past investments in health
(Wagstaff, 1993). According to this theory the concentration on past health and lifestyle
decisions is the right choice for the determination of today’s demand for medical services.
Moreover, the concentration on past lifestyle variables also has methodological

advantages, as it rules out possible autocorrelation effects of medical care utilization on the
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present lifestyle choices. The choice is also confirmed by the simple Gamma (3) model in
Table 4.6 (Appendix), in which the BMI in 2011 is included as covariate in the equation.
As expected by theory, the current BMI does not establish a significant effect on health

care expenditures.

As a sensitivity analysis, I checked the main findings of the paper with the Waist-to-Hip-
Ratio (WHR) as an alternative measure of obesity. All the results presented above remain
qualitatively unchanged when the past WHR is used as a substitute for the BMI. I decided
to retain the more common measure BMI despite its downsides (Burckhauser et al., 2007),
to attain results which are comparable to other studies on the costs of obesity that

predominantly rely on BMI.

4.5 Conclusion

The present study highlights the importance of a sportive lifestyle for the containment of
health care costs. Exercising at least once per week significantly decreases medical care
expenditures for normal weight and overweight individuals. The intensity and frequency of
physical activity have no additional influence on health care costs. These findings suggest
that policies aiming reducing physical inactivity might have long-run benefits even if they
do not reduce the weight of the respective persons. In other words, evaluating public
obesity prevention with a sole focus on weight reduction might underestimate the
additional benefits of changes in lifestyle behaviors. Nevertheless, the results confirm the
large excess cost caused by overweight and obesity compared to the normal weight
individuals, independent of the positive effect of physical activity. For an improved
understanding of the interaction of lifestyle behaviors and obesity in the determination of
health care costs, further research based on panel data for health care utilization seems

appropriate.
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Appendix

Table 4.5: Determinants of Health Care Cost — (1)

Variable OLS (1) OLS (2)
Gender -105.95 -26.12
(211.03) (213.12)
Age —206.65* —170.70*
(81.83) (83.53)
Age2 2.11* 1.76*
(0.74) (0.76)
Partner -103.09 -274.53
(383.26) (304.11)
Education 67.76 97.49
(65.66) (69.54)
Children 155.38 169.37
(108.78) (117.04)
Smoker-07 223.10 176.97
(349.42) (109.55)
Alcohol-07 —476.12% -412. 78
(238.42) (240.68)
BMI-0O7 TE.52% TT.AT
(23.32) (24.21)
Sport-07 - —A4T9.40%
(206.97)
HSport-07 - 22.77
(52.50)
Nutrition-07 no ves
Chronic-diseases 2 - 208.69*
(80.53)
Comnst. 1865.75 904.73
(221.46) (218.56)
Rsquared 0.208 0.4032
n = 425, Robust Standard errors in parenthe-
El’“'E't_\vutru::-ls for "Vegetarian’, 'Wo Fruits’, 'No
Sweets'_;

2 Diabetes, Chronic Back-pain, Cancer.
* =significant at the 5 % level.** significant at
the 1 % level.
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Table 4.6: Determinants of Health Care Cost — (2)

Variahle Gamma (1) Gamma (2) Gamma (3)
Gender -0.082 0.068 0.20
(0.214) (0.238) (0.258)
Age 0.021* —0.075* 0.027*
(0.009) (0.031) (0.013)
Agel - 0.001 -
(0.000)
Partner 0.238 0.087 0.294
(0.332) (0.346) (0.385)
Education 0.055 0.067 0.043
(0.063) (0.075) (0.068)
Children 0.195 0.223 0.200
(0.127) (0.159) 0.157
BMI-0O7 0.066%* 0.058** -
(0.026) (0.029)
Smolker-07 0.116 0.097 0.070
(0.404) (0.461) (0.404)
Aleohol-07 -0.439 -0.254 -0.316
(0.288) (0.303) (0.286)
Sport-07 - —D.424* -
(.206)
#Sport-07 - 0.024 -
(0.057)
Chronic Disease 1 0.452* 0.480% 0.461*
0.229 (0.230) (0.204)
Nutrition-072 no yes no
BMI-11 - - 0.046
(0.084)
Const. 2.921 2.669 3.829
(0.888) (0.692) (0.994)
Log Likelihood -2.834 -2.745 -2.6209

n = 425, Bootstrapped standard errors in parenthesis,

1 Diabetes, Chronic Back-pain, Cancer.;

? Controls for "Vegetarian’, 'No Fruits’, 'No Sweets’.

* significant at the 5 % level.** significant at the 1 % level.
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