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Therapeutic practices and effectiveness have datrimpact on healthcare system costs in
diabetes mellitus treatment with significant ecoimimplications. Encompassing up to 15% of
the healthcare budget in the Slovak Republic, desbatellitus imposes a huge economic burden
on the Slovak healthcare system.

The paper analyzes the treatment needs and medicaists for diabetes between 2004 and
2010 in the Slovak Republic. Both insulin and oratidiabetic therapy are available for all
patients depending on the severity of the dise@ke. costs analysis clearly indicates a great
impact of diabetology on healthcare. The resultshi work have confirmed that diabetes
mellitus is a costly disease, and the costs areaad to grow further. With respect to the
increasing demand and limited resources, there groaving need for additional economic
analyses. To achieve control of costs in the datisiaking processes in the Slovak Republic, the
role of pharmacoeconomics should be strengthened.
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INTRODUCTION

Diabetes mellitus can be considered as a modeldfranic lifelong disease with
progressive complications. Pharmacoeconomics oHecemplex view on diabetes in
the long-term horizon. It evaluates the economigaot of both preventive and
therapeutic practices in the long run. The oppatywf influencing both long-term and
short-term strategies and the selection of the mffsctive therapeutic regime is of
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crucial importance, aiming at maximization of betsedf financial resources expended
[1, 2]. The modeling can analyze the relevant gretiic costs for a particular country.
The whole spectrum of outcomes can be explored adaing relevant for diverse
groups of stakeholders in the healthcare systeroh sas the payers, managing
authorities, and clinical workers [3, /harmacoeconomic modeling used in the study
constitutes an extrapolation and imputation for éissessment of the effectiveness of
antidiabetics used in healthcare according to #rameters useful for the analysis of
effectiveness of resource utilization.

The objective of this paper is to present a complestview of the issues of diabetes
mellitus in terms of diagnostics, therapy, and dyalf life. This manuscript aims:

e to evaluate direct costs for DM treatment in thevak Republic,

» to explore the quality of life and overall life &fifiction in diabetic patients and
to identify the incidence of depressive symptomsl amxiousness in the
population of diabetic patients,

e to evaluate the possibility of influencing the mosif treatment of diabetes
mellitus as well as of treatment of DM complicagdwy modeling.

MATERIAL AND METHODOLOGY

The pharmacoeconomic evaluation of the effectivenes invested resources
includes prevention and treatment of this chronietaholic disease as well as the
influence of both acute and chronic complicatiohdiabetes mellitus on quality of life.
In addition modeling as a tool of pharmacoeconomg&cision making and its
scoring/judging is applied [5, 6].

Data pooling and analysis
To apply a complex view, the following methods wased:
» evaluation of direct costs for DM treatment
Baseline for evaluation of direct costs is représgénby epidemiological data,
accessed and processed for our needs with thenagméef the National Centre for
Health Information (NCFHI). Comparative analysistthtakes into account the
structure as well as the type of the treatmentwsasl.
e evaluation of quality of life in DM patients
For the four concepts currently used relating te tjuality of life research and
personal mental well-being we used the WHO modeHQ®QOL) [7]. The multi-
dimensional concept of quality of life includes g@mal well-being as an emotional
component, satisfaction as a cognitive componentiak functioning as a
performance component, and life purpose as a wsalritomponent [8]. With
respect to the significance of this parameter,qhality of life is one of the most
critical pharmacoeconomic indicators and it has ignificant impact on
pharmacoeconomic modeling. The following methodsewssed in the surveillance
[9, 10]:
1. Initial questionnaire — to detect baseline sociodgraphic data, duration of a
disease, type of diabetes, diabetes complicatitims e
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2. Life satisfaction questionnaire — to detect theraldife satisfaction of an
individual and differentiation of satisfaction inten areas,

3. Depression questionnaire — Beck depression indEX)(Bto detect depressive
symptoms,

4. Spielberger anxiety and anxiousness questionnaBtatg-Trait Anxiety
inventory — STAI — section X-2 for anxiousness)o-detect anxiousness as a
specific feature.

» pharmacoeconomic modeling of treatment costs for DMand DM
complications was used

The methodology is based on the Markov model coewiwith Monte Carlo
simulation, appropriate for expressing repetitiosituations and chronic disease
progression. The model used in our analysis was GRRE model (Center for
Outcomes Research Diabetes Model) — the most affed model in diabetology. It is a
validated interactive computer model used in sitmute of long-term health outcomes
and economic consequences of interventions in DM2M2 using clinical parameters
such as HbAlc, systolic blood pressure, lipidsysecholesterol, and body mass index
(BMI).

The modeling in the Core model predicts DM2 prosgi@sin the long-term horizon,
as the outcomes recorded include the most relepablished epidemiological and
clinical data such as the United Kingdom Prospecidiabetes Study (UKPDS) [11].
The Core model comprises 15 sub-models for sinuriatf the most common DM
complications, such as angina pectoris, coronaaytliisease, cataract, congestive heart
disease, leg ulcers and amputations, hypoglycedmiaacidosis, lactacidosis, edema of
the macula, myocardial infarction, nephropathy, igfe@ral vascular disorder,
retinopathy, stroke, and non-specific mortalityrdflel occurrence of these sub-models
allows for the development of concomitant complaas in hypothetical subjects. The
cohorts may be defined by demographic charactesistige, sex, initial risk factors, and
pre-existing complications. This model was validiaby 66 published studies, including
external validation (3rd rank) in DM2 simulatiori?] 13].

To detect the statistical significance of meaneddhces of overall life satisfaction
relating to gender, type of diabetes, as well apreksive and non-depressive
respondents, a t-test for equality of means ofitwdependent selections was used.

Pharmacoeconomic model of DM treatment and complidaons

In order to compare the effectiveness, the residiltte meta-analysis of the indirect
comparison between two antidiabetic medicationsrd&tand glargine were used.

The cost analysis was performed from the perspeativa healthcare payer. It
includes only direct healthcare costs associatetth wdomplications. The economic
treatment costs for respective diabetes complicatilm 2009 were used in the
modeling. For the purposes of indirect comparisbe,data from the actual list of drugs
covered by health insurance at time of modelingewmesed as drug costs (as of 1st
October 2009 — the amount of drug reimbursemerit® Model took account of direct
indicators of metabolic compensation — HbAlc chasge body weight change.

The drug and intervention costs correspond withcitb&ts registered by healthcare
payers.
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Therapeutic decision tree:

We have used the pre-defined therapeutic appropphed in the CORE model
[13]. The simulation baseline was defined as thétcéwfrom neutral protamine
hagedorn insulin (long lasting insulin) to insulkitetemir or insulin glargine in the
treatment of DM.

Discounting: discount rate 5%.

Patient cohort size: 1000.

Simulation time threshold: 35 years.

We have determined a full cost analysis.

The model included:

direct indicators of metabolic compensation — glgdahemoglobin HbAlc change,
weight change, incidence of hypoglycaemia

DM treatment cost in 2009

Quality of life identified within the cross-sectioesearch

RESULTS AND DISCUSSION

Evaluation of DM pharmacotherapeutic direct costs

According to the data from NCFHI, the number ofbditic patients increased by
147% (1980 versus 2008: 122 197 versus 302 36gecdsely). The mean inter-annual
growth was 3.7%. During the same period, the penad increased from 2.4% to actual
5.6%. The incidence was higher in women than in (602 and 5.0%, respectively.)
The prevalence of DM in the Slovak republic is kg compared with other European
countries. Most patients suffer DM2 and are inftfie and sixth decennium (52%) [14,
15].

The trends in consumption of antidiabetic medigatiindicate a relatively steady
consumption of the number of packages (Table lyehwer, the financial rise of
antidiabetic medications and its growing trendl@sraing (Table 2).

Table 1. Overview of consumption and costs of antigbetics in the Slovak Republic

Year Insulin PAD
[packages] [packages]
2004 687 915 1358 213
2005 724 158 1453 086
2006 756 561 1595 093
2007 760 587 1729723
2008 787 478 1800 471
2009 825 569 1 850 535
2010 790 384 1842 237
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Table 2. Costs of insulin and non-insulin antidiabgcs in the Slovak Republic

vear Total costs Insulin % of all | PAD % of all
[euro] [euro] AD costs | [euro] AD costs

2004 23 844 416 14 939 661 62.65 8904 755 37.3%
2005 27 038 350 17 035 663 63.01 10 002 §87 36.99
2006 30 798 228 19 654 783 63.82 11 143 445 36.80
2007 33 372 365 21717 990 65.08 11 654 375 34.92
2008 38 951 247 25564 777 65.63 13 386 470 34.37
2009 38 713 649 22 958 314 59.3 15 755 335 40.7
2010 39 369 628 22 229 153 56.46 17 140 475 43.54

AD - antidiabetic treatment, PAD — peroral antiditds

When comparing the costs in recent years, the bigteests were reported in 2010 —
€39 369 628, i.e. approximately 15 million euroHdg than the costs in 2005. High
annual increase in costs for antidiabetics was reeqpeed in 2008, when about 5 million
euro more was spent for antidiabetic treatmentti@nother hand the overall costs for
antidiabetic medications in 2009 decreased by amately €237 598. Proportionally
the lowest costs for insulin medications, reprasgnt value of €22 229 153 were
reported in 2010, which comprised over a half &f dverall costs (56.46%). Logically,
the highest costs for peroral antidiabetics in megears were reported in 2010, which
comprised a value of €17 140 475 (43.54%) of theyalldrug costs for DM treatment.

Table 3. Structure of pharmacotherapy according teselected age groups

Age N Insulins PAD Total Non- Drugs Diabeti
(yrs) €/patient | €/patient €/patient diabetic total drugs
drugs €/patient | %/patie
€/patient
50-59 1 3958 136.75 92.36 230.21 356.84 587.08 39.2
60-69 | 4123 119.99 89.97 210.72 466.83 677.56 311
70-79 1 2563 111.09 76.20 188.15 460.26 648.41 29
80-89 659 86.72 58.03 145.65 374.37 520.05 28
90+ 30 71.88 53.65 125.56 326.56 452.12 218

PAD — peroral antidiabetics
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Table 4. Health insurance costs per non-diabetic pi@nt and diabetic patient in selected age groups

Age Non-diabetic pt. Diabetic pt. A = diabetic — non-diabetic
(years) (Elyear) (Elyear) (Elyear)
50-59 229.26 695.35 466.63
60-69 342.73 796.12 453.39
70-79 437.35 771.22 333.87
80-89 359.43 638.11 278.69
90+ 224.10 476.89 252.79
Average 292.99 745.78 452.79

Overall direct drug costs for DM rank 4th after ttreatment of hypertension,
respiratory tract diseases, and oncological dised$].

Our results presented in Tables 3 and 4 demonsdigtéficantly higher costs of
drug consumption in DM patients as compared to diabetic patients, expressed in
€lyear. The treatment of a patient with DM in the agoup between 50 and 59 is three
times more expensive as compared to a non-diapatient. On average, treatment of
DM patients over 50 years of age is 2.5 times mexpensive as compared to the
treatment of non-diabetic patients.

Disease-related quality of life

From the medicine perspective, the quality of fdlows the impact of the disease
on an individual's physical or mental state, theyved life, and personal satisfaction
[17].

The difference between overall life satisfactiorpp@ximately 0.1212 points)
between men and women was not statistically sicamfi (F = 0.58,t=0.12, p = 0.990).
Significant differences in overall life satisfaatiovere noted in research groups divided
by type of diabetes and incidence of depressioneM#wvaluating the significance in
differences, the difference between patients withland DM?2 is systematic and non-
coincidental (F = 0.985, t = 2.183, p < 0.001). Téiee of score differences is
considered significant (Figure 1). The differenaescores reached by respondents with
and without acute depression is considered eqgsdajhyificant (F = 0.66, t = 2.163, p <
0.001). The mean difference score between thesepgravas 20.1. Based on these
differences, DML1 patients in general expressed msatisfaction with their quality of
life as compared to DM2 patients. At the same tibased on the results, respondents
with acute depression expressed less satisfactidntieir quality of life as compared
to respondents without depression.

When comparing the DM1 and DM2 patients, a sigaifity higher anxiousness
score was reported in DM2 patients. This fact cateosatisfactorily explained, as the
comorbidity of diabetes mellitus and depressioraisew topic only recently being
addressed by experts [8].
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Our results of the life satisfaction questionnapparently confirmed the presented
hypothesis. Diabetes mellitus is a somatic disedfeeting overall health status of an
individual along with personal satisfaction wittstiier health and physical condition.
The results in the group indicate that the disdasels both to unfavorable health
condition and deterioration of the financial sitaat According to patients’ statements,
the costs associated with diabetic diet and trestisn@re financially demanding. Many
respondents would mostly welcome being entitled tagher number of Glucomer test
strips, which would decrease their financial burddrus contributing to better life
satisfaction with their financial situation.

Resulting from the evaluation of the self-assessmaing scale, 48% of patients
reported “actual depression.” This result corresisonvith the statement that the
incidence of actual depression in diabetic popaoitats 2 times higher as compared to
healthy population [18]. When looking at the intional studies, the data is
comparable with the WHO study, despite having usedifferent methodology. We
found that actual depression was higher and theeased incidence of depression in
DM patients is not insignificant. Depression in DMiLmore a result of psychosocial
consequences while depression associated with Did@efdes the disease. The mean
STAI X-2 score of a standardized group was sigaiftty lower as compared to the
score found in the investigated group, which issidered clinically significant.
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Figure 1. Comparison between overall life satisfain score in DM1 patients and DM2 patients
PAZ — work, MAN - international classification ofsgéases, DET — relationship to children

Pharmacoeconomic model of DM treatment and complidaons

With their pharmacokinetic and pharmacodynamic ifeef the assessed insulins
detemir and glargine comply better with the physiidal needs of an organism in
substitution of basal secretion than classical humN&H insulins [19]. The clinical
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outcomes demonstrate that both of them are at &#psdlly effective as NPH insulin
administered in one or two daily doses, leadinthimprovement of fasting and pre-
dinner glycemia control and the hypoglycemia risksubstantially lower than the risk
associated with NPH insulin. Detemir, compared largine, statistically significantly
decreases HbA1C. The difference is approximateBb 1% favor of detemir. Detemir
also statistically significantly decreases the a$kight hypoglycemia. The difference
compared to glargine is about 19%. However from gharmacoeconomic point of
view (Table 6) when using detemir the differenceliiect costs in the time horizon 35
years is €867 by prolonging the life expectancyOby30 year. The cost items used
(treatment of acute myocardial infarction and tmeerit of cerebrovascular accident) in
the model are significantly lower when comparechwidme published papers.

Table 6. Comparison of pharmacoeconomic indicatordetemir vs glargine (IMS Core model)

Expected life expectancy 0.130
QALE 0.079
Direct costs (€) 867
Non-direct costs (£€) -2
Combined costs (€) 864
Direct costs (€)/expected life expectancy 6 643
Direct costs (€)/QALE 10 957
Non-direct costs (€)/expected life expectancy -17
Non-direct costs (€)/QALE -29
Combined costs (€)/expected life expectancy 6 625
Combined costs (€)/QALE 10 928

CONCLUSION

Resulting from the National Centre of Health Infation statistical data, diabetes
mellitus including DM complications is a seriousahlib problem in the Slovak
Republic: DM prevalence (5.6%, of which 5.1% isresgented by men and 6.1% by
women) is higher as compared to developed Europeantries. The highest number of
DM patients was in the age group between 50 angb8%), and 90% of patients were
diagnosed with Type 2 diabetes mellitus.

The annual costs for pharmacotherapy of diabetdigusean Slovakia range around
€30 million. High costs are associated with insateatment of patients with DM1 and
DM2. The insulin consumption expenditures are @20 million, although the number
of patients is two-fold lower as compared to patigreated with oral antidiabetics. The
annual costs for oral antidiabetics in DM2 stand€® million, comprising a two-fold
lower value as compared to the insulin costs.

The treatment of diabetes itself and its complaragirepresents one part of care for
diabetic patients. The quality of life assessmemanstrates discontent of DM patients
with their health and financial situation. Aparbifin physical and mental problems,
diabetes mellitus poses a financial burden on pistiePatient education provided by

24



physicians and nurses, as well as by psychologists psychiatrists would at least
partially reduce the physical and mental impadhefdisease. Despite the occurrence of
severe mental diseases in diabetic patients thtsgabeing underestimated in practice.
In addition to healthcare improvement attention uithobe paid to psychosocial
problems and comorbidities of diabetes and mersabdes.

The cost analysis performed from the healthcareepgy perspective has
demonstrated high direct healthcare costs for DM BM complications. The result
reflects the real effectiveness rate of evaluatedioations.
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Diabetes mellitus a prediabetes sa stali celosyatadravotnym a socialnym problémom pre
neustale narastajluci vyskyt ochorenia. Sposob laifa liecby maju rozhodujucu dlohu pri
ovplyviiovani poskytovanych nakladov zo systému zdravostejostlivosti, s vyznamnymi
ekonomickymi dosledkami. Diabetes mellitus ekondyicza’azuje az 15 % rozgtu na
zdravotnictvo v Slovenskej republike.

Praca sa zameriava na hlavné okruhy ekonomickéhowmliabetes mellitus na zdravotny
systém: celkové odhady priamych nakladov na diabatgeho komplikacii; vplyv nakladov na
starostlivos a zdravotné vysledky; kvantifikovanie spotreby idiabetik; postdenie kvality
Zivota a farmakoekonomické modelovanie zljagtu platcu za zdravotnu starostlivos
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Praca sa zaoberad analyzou spotreby liekov a nékladolieky za obdobie 2004 — 2010.
Lie¢ba inzulinom alebo peroralnymi antidiabetikami je 8lovensku dostupna pre vSetkych
pacientov v zavislosti na stave ochorenia. Analyakladov jasne ukazuje, ze diabetoldgia ma
velky vplyv na celkové naklady na zdravotnu staros#iv Praca potvrdila, Ze diabetes mellitus
je nakladné ochorenie, s predpokladdi@mSieho zvySovania. Potreba ekonomickych’aiani
bude aj ndalej rag vzhtadom na zvySujuci sa dopyt a obmedzené zdroje. rlonhakladov
mozno dosiahntiposilnenim Glohy farmakoekonomiky v procesoch omidvania v Slovenskej

republike.
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