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Abstract. Obesity was in 1997 by World Health Organiza-
tion recognized as a disease. It has reached epidemic
extensions and as such it has become an important
social and economic burden, not only because of itself
but also because it is an important risk factor for devel-
oping diabtes type 2, hyperdislipidemia and hyperten-
sion. These four chronic diseases are known as deadly
quartet because they are essentially increasing the de-
velopment of cardiovascular diseases which have already
become the main reason for mortality. In the paper the
modeling structure is proposed with which it is possible
to evaluate the diseases’ burdens important for certain
country or population. In this case a number of active
and inactive people, overweight and obese, and a num-
ber of people with healthy nutrition habits were estimat-
ed for Austria and Slovenia. Their influence to develop-
ment of pre-diabetes and diabetes type 2 is also pre-
sented. In addition the costs for health care and also
some expectations regarding population ageing are
illustrated.

Introduction

Unhealthy life style very frequent consists of inactivity,
stress, improper and/or too rich or abundant food resul-
ing in a number of problems among which the first one
is usually overweight. A simple index of weight-for-
height (known as body mass index - BMI) is commonly
used in classifying overweight and obesity in adult
populations. It is defined as the weight in kilograms
divided by the square of the height in meters (kg/m2).

It provides rough but very useful population-level
measure of overweight and obesity as it is the same for
both sexes and for all ages of adults [22]. It is important
to mention that nowdays physicians pay attetion also to
waist circumference but this parameter was not taken
into account during this study because of the lack of
statistical data.

Regarding WHO [22] overweight is defined as a
BMI equal to or more than 25, and obesity as a BMI
equal to or more than 30. Children were defined as
overweight or obese using the 85" and 95™ percentiles
of the reference curves. WHO’s latest estimations indi-
cate that globally in 2008 approximately 1.5 billion
adults (age 20+) were overweight [22].

It is important to point out that overweight and obe-
sity are not the problem only by itself (more difficult
movement, not very high self-opinion, social elimina-
tion), but they lead also to serious health consequences.
Risk increases progressively as BMI increases. Raised
body mass index is a major risk factor for chronic dis-
eases such as diabetes type 2, hyperdislipidemia and
hypertension, but can evolve also to serious cardiovas-
cular disease (mainly heart disease and stroke), muscu-
loskeletal disorders, and also some cancers [22].

These conditions have also a significant social con-
sequences and economic impact on the health care sys-
tems. Medical treatment can be separated into non-
pharmacological measures, pharmacological treatment
and surgical treatment.

On the other hand costs are frequently regarded as
direct and indirect [11], [1]. Direct medical costs in-
clude diagnostics and treatment services, while indirect
costs are very often caused by health problems because
of decreased immune system due to obesity. These
patients have to visit their physician more frequently as
the people with healthy body mass.
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the third section where also burden estimations are
given. Further also some predictions regarding the prob-
lems of population aging are presented. The paper ends
with conclusion remarks where also some of the topics
for future study are indicated.

1 Modeling Process

Proposed modeling structure is illustrated in Figure 1. It
consists of four main levels which indicate problem
observation from the population perspective. In addition
also some other important dynamical processes or mod-
eling results of complementary models can be combined
with the results of the main structure.

At the first level therefore the whole observed popula-
tion is taken into account. The input signal to the second
level is a unity step indicating the observation start time
that is at birth. At the second level the processes which
are defining life style are taken into account. Among
them is, as an exception, also obesity as one of the earli-
est chronic diseases. In the third level the most frequent
chronic diseases are indicated, starting with the pre-
diabetes which can sometimes be regarded as a curable
disease. At the fourth level serious health complication
are taken into account.

This representation can be understood as an exten-
sion of decision tree formalism [5], [6] which is fre-
quently used in pharmacoeconomical studies [1], [20].
In contrast to classical decision tree it comprises also a
time component, namely the age of observed people (or
patients). This time component is of crucial importance
because the prevalence of great number of diseases is in
correlation with patients’ age. Another advantage of this

served proposed structure responses (prevalence) can be
combined with demographic data to evaluate the num-
ber of observed people or patients as will be presented
in the next section. In addition it is important to point
out that this information can further be combined with
treatment expenses and so also economic burden can be
estimated.

Such representation is very useful when the whole
population is taken into account, and when mainly se-
quential influences are observed. But in some cases
such interpretation can be extended to include also dy-
namical processes at individual level of certain patient
or at a group of patients. This can be important also
from treatment and prevention activity which can have
feedback consequences as indicated in Figure 1.

In this paper one part of the whole structure in Figure 1
is used to present some important aspects of obesity:

e the connections to the main reasons which lead to
development of obesity; here activity and nutrition
habits are taken into account;

e the influence of obesity to development of other
health problems; here different approaches are indi-
cated: the simplest way is to present the average sta-
tistical expectations; more demanding approach uses
further structural model development;

e estimation of social and economic burdens on the
basis of diseases’ development; regarding this step it
is important to evaluate patients’ number and direct
and indirect costs in observed population.

Modeling has started taking into account the follow-
ing important facts. Inactivity is an important risk factor
regarding health threatening [13], [10] and it can’t be
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neglected when body weight is observed. It is not very
important during slimming programs, but is very helpful
for body mass maintenance. Those people who are ac-
tive 30 minutes or more at least five days a week are
classified as active [8]. Usually activity in men and
women slightly differ (men and boys are slightly more
active), but average data, which were used for modeling
purposes, are summarized in Table 1 [8]. Here also
statistical information regarding physical activity of
children is included. It is recommended that children are
active 60 minutes or more on all seven days per week.

age [years] 0 1 2 3 4 5
average [%] 70 69 68.5 69 70 62

age [years] 6 7 8 9 10 11
62.5 69 68.5 | 64.5 | 64.5 64

average [%]

age [years] 12 13 14 15 16- 25-

average [%] | 64.5 | 64.5 | 58.5 | 56.5 | 43 44
age [years] 35- | 45- 55- 65- 75+
average [%] [ 40.5 | 36 31 18.5 | 6.5

Table 1: Prevalence of activity.

The prevalence of obesity differs from country to coun-
try and is also different regarding men and women. An
average situation is presented in Table 2 [9]. The ratio
between overweight and obese population is slightly
changing through the life time, but as these changes are
not very distinctive the assumption that it is equal to
1.33 (average value from Table 2) can be taken into
account.

age [years] 2-15 | 16-34 | 35-54 | 55-74 | 75+

average preva-
lence:
25=<BMI<30
[%]

13.5 27 39 415 | 375

Average preva-
lence: BMI=>30 16 19
[%]

335 31.5 | 225

Average preva-
lence: BMI>=25
[%]

29.5 46 72.5 73 60

Table 2: Prevalence of overweight and obesity.

It is also very well known that people who are over-
weight or obese are inclined to inactivity, but there is
practically no quantitative data available regarding the
statistical correlation on the population level among
these two variables. The interesting exception represents
the paper of Brock [10], where the association between
physical inactivity and the prevalence of obesity is de-
scribed for the USA in the form of linear regression
model. Testing this description in comparison to infor-
mation from Table 2 and developed model response
showed that it is expected that the prevalence of obesity
is slightly lower in EU countries. Further also nonlinear-
ity can be presumed because of complex involved pro-
cesses.

Both, inactivity and obesity are very important re-
garding the development of diabetes type 2 (D2) [21]. It
was discovered that most adults (85.4 - 86% in average)
with diagnosed diabetes were overweight or obese [15],
52% were obese, and 8.1% had morbid obesity [12].

Before this chronic disease is fully developed pa-
tients have a pre-diabetes which in general significantly
differ from D2 regarding the fact that when strict life
change is adopted taking into account corresponding
diet and activity, sometimes complemented by corre-
sponding drug treatment, patients can return to normal
condition. Sometimes this transition is (for example due
to a long lasting pre-diabetes) not possible, but in such
situations D2 development is in most cases significantly
postponed. Prediabetes is not a true disease but can be
interpreted as a serious risk factor for developing D2
and cardiovascular diseases. Over 30% of people with
pre-diabetes develop D2 within five years [21]. The
average conversion rate was estimated at 5.8% per year
with wide variations which depend on differences in
age, BMI, ethnicity, etc..

It is very important to accent that several well-
designed randomized controlled trials [21] have been
reported that categorically confirm the benefits of inter-
ventions in the prediabetes. Standardized diet with re-
duced food intake, increased physical activity and some-
times also additional drug treatment can reduce the
incidence of D2 for almost 60% (in mentioned studies
from 25% to 58%). But, it is important to point out that
the intensive lifestyle modification was nearly twice as
effective in preventing D2. It is therefore evident that an
active management of pre-diabetes can be very effective
in preventing the progression of diabetes.



M Atanasijevi¢-Kunc et al.

Burdens of Obesity: Multi-Model Description

For modeling purposes the information given in Ta-
bles 3 [16], [14], [17], [21] and 4 [7] was taken into
acount. Again the average data between men and wom-
en are presented.

age 5.1 | 12-19 | 20+ | 4075 | 65+
[years]
average
prevalence 3.7 16.1 35 40 50
[%]
Table 3: Prevalence of pre-diabetes.
age 25-34 35-44 45-54 | 55-64 | 65+
[years]
average 3.5 4.2 8.9 15.5 19
prevalence
[%]

Table 1: Prevalence of diabetes type 2.

2 Simulation Results

From data given in Tables 1 to 4 it is clear that activity
or inactivity, as well as overweight and obesity can
together with other diseases be interpreted as dynamical
processes where age of people is chosen as an inde-
pendent variable. In Figure 2 the first modeling result is
presented — the prevalence of activity through practical-
ly the whole life time.
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Figure 2: Prevalence of activity.

This model response shows that activity is decreasing
through the whole life time and is becoming especially
intensive after the age of 40. When activity is defined
also the prevalence of inactive population is known. The
dynamical structure which gives this result was identi-
fied so that good matching was achieved with data in
Table 1 (dynamical nonlinear model of 1 1™ order).

Taking into account all previously mentioned data in
the next modeling step also the model (11" order with
time delays) of overweight and obese population was
identified. Responses are presented in Figure 3. It is also
possible to differ among overweight and obese taking
into account mentioned ratio.
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Figure 3: Prevalence of overweight and obesity.

Only 15% of all people in observed population have
healthy nutrition habits, but they are not from the group
of overweight or obese. We have made an assumption
that among active population there is two times more
such people than from inactive. The results are illustrat-
ed in Figure 4.
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Figure 4: Prevalence of healthy nutrition habits.

In Figure 5 model responses are given regarding pre-
diabetes (16" order model with time delays) and D2 (5"
order with time delays).
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Figure 5: Prevalence of overweight and obesity.

When prevalence of observed processes is calculated,
these results can be combined with demographic data
for chosen population. We have decided to study and to
compare the situation in Slovenia and Austria. In both
countries populations are growing older. To estimate
contemporary and also possible future burdens, for both
countries, popultion models were developed, taking into
account average values of mortality and migrations in
the past five years and average fertility among the popu-
lation from 18 to 45 years [19], [18]. These results are
for both countries illustrated in Figs. 6 and 7. For Aus-
tria the results are presented only in intervals of ten
years.

Now it is possible to combine the presented results
and calculate the number of observed groups of people
or patients in both countries. In Figure 8 number of
active people is illustrated regarding their age. From this
it becomes clear that in Austria live 3.2 million people
who are active, while in Slovenia this number is over
780 000. For both countries this represents approximate-
ly 38% of the whole population.

number

age [years]

Figure 6: Number of people in Slovenia from 2010
(real number) to 2060 (model prediction).

number

I
| |

0 10 20 30 40 50
age [years]

Figure 7: Number of people in Austria from 2010 (real
number) to 2060 (model prediction).

age [years]

Figure 8: Number of active people in Austria and in
Slovenia in 2010.

Regarding the number and distribution of overweight
and obese population the situation is illustrated in Fig-
ure 9 for Austria, while in Figure 10 normalized distri-
butions regarding patients’ number in both countries are
compared. In both countries around 55% of population
is overweight or obese and the model enables to distin-
guish among those who are active and those, who are
not.

As patients” number and distribution is known also
the expenses can be evaluated. Practically all who have
unhealthy body mass would like to lose their weight.
40% from the age window of 18 to 60 are experiment-
ing with the drugs which are available without the med-
ical prescription. 30% of people from the same age
window are using drugs, prescribed by physician (20%-
sibutramin; 80%- orlistat). 80% of patients with
BMI>40 need also anti-depressive treatment (fluoxetin).
In addition the expenses are needed for these patients
due to examination and laboratory. Slovenia and Austria
have practically the same costs for drugs, while the
prices of medical services are two to three times higher
in Austria.
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The exceptions are only bariatric operations which
are in Austria ten times more expensive than in Slove-
nia. In Table 5 the expenses are presented needed only
for the treatment of overweight and obesity. Cosmetic
surgical treatments were not taken into account because
these data are not available.

N

[=)

number of overweight and obese people

aget [years]

Figure 9: Number of overweight and obese people in
Austria (4.4 million people or 55% have
BMI >= 25).
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Figure 10: Normalized number (regarding the
population number) of overweight and obese
people in Slovenia and in Austria
(55% have BMI>= 25).

The huge expenses are needed for the treatment of con-
sequences of obesity, among which is also diabetes type
2 (D2), to mention only one. In Slovenia there are over
645 000 patients with pre-diabetes (31%) and 159000
(7.8%) with D2. Percentage of these patients is the same
in Austria. Normalized distribution of D2-patients is
presented in Figure 11 for both countries. For these
patients additional 56 million € is needed in Slovenia
and 231 million € in Austria.

Slovenia Austria

Alli 73 311 606€ 288 161 848€
orlistat 167 220 900€ 657 284 400€
sibutramin 14 631 750€ 57 512 385€
fluoxetine 14 368 050€ 56 475 630€
prescriptions+lab. 48 772 710€ 383 415 900€
bariatric 1000 000€ 8 000 000€
operations

specialists’ treat-

ment + medical 5 838 750€ 63 585 000€

service

325 143 766€ per 1514 435163€

year per year
159 (318)€/each 181 (362)€/each
per year per year

288 (576)€/each 329 (658)€/each
with BMI>=25 per | with BMI>=25 per
year year

Table 5: Expenses for patients with BMI>=25.
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Figure 11: Normalized number (regarding the popula-
tion number) of D2-patients in Slovenia and
Austria.

We have to include also indirect expenses, which are of
the same range. Each inhabitant of Slovenia has to pay
more than 370€ and in Austria more than 410€ per year
because of increased body mass in their population.
That what is even more concerning is the population
distribution in 2010 and expectations for 2060. If D2
prevalence remains unchanged this will influence the
distribution of patients, as is for Slovenia illustrated in
Figure 12. Number of D2 patients will increase, but
only for 16% in Slovenia and 11% in Austria. But as the
number of young people is decreasing the ratio between
D2 patients and active population will increase for al-
most 50% in both countries.
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A great number of mathematical models is available
to compute energy - balance strategies for healthy body
mass reduction [6]. But, two main obstacles can be
identified regarding this important social and economic
aspect: relative low budget for prevention purposes and
insufficient integrative treatment activities which would
increase efficacy of slimming process.
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Figure 12: Number of D2-patients in Slovenia in
2010 and 2060.

3 Conclusions

In the paper modeling structure is introduced, which can
be used for estimation of economic and social burdens
of different diseases. It also enables the combination of
modeling results, what was used for estimation of over-
weight and obesity burdens in Slovenia and Austria. In
the future the strategy with which this burden could be
decreased, will be investigated.
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