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ABSTRACT Objective: Chronic diseases, comparing to the other ~ OZET Amag: Diger hastaliklar ile karsilagtirildiginda kronik hasta-
type of diseases, consume most of the resources in the health systems.  liklar, saglik sistemi iginde kaynaklarin cogunu tiiketmektedir. Alzhei-
Alzheimer’s Disease (AD) is a chronic cerebral disorder and is the = mer Hastaligi (AH) kronik bir beyin rahatsizligidir ve en sik goriilen
most common type of dementia. The purpose of this research is to an-  demans tipidir. Bu aragtirmanin amaci, AH’nin evrelerine gore Sosyal
alyze cost effectiveness according to stages of AD from the perspec-  Giivenlik Kurumu (SGK) ve toplum perspektifinden maliyet etkilili-
tive of Social Security Institution (SSI) and the society and to  gini analiz etmek ve hastaligin iilke biitcesi tizerindeki yiikiinii belirle-
determine the burden of the disease on the country's budget. Material =~ mektir. Gere¢ ve Yontemler: Arastirmada Markov modeli kullanilarak
and Methods: Using the Markov Model, three parameters were cal-  ii¢ parametre hesaplanmistir. Bunlar; yasam boyu maliyet, ortalama
culated in the study: lifelong cost, average survival time (ST) (year), yasam siiresi (year) ve kaliteye ayarli yasam yillaridir (QALY). Bul-
and quality adjusted life year (QALY). Results: According to the  gular: Maliyet etkililik analizi sonucuna gore, AH’yi erken evrede te-
cost-effectiveness analysis, treatment in early-stage causes additional ~ davi etmek ileri evrede tedavi etmeye gore ilave £ 41.237,55 maliyet ve
P 41.237,55 cost and provides additional 1.10 QALY comparing to 1,10 QALY saglamaktadir. AH’yi orta evrede tedavi etmek ileri evrede
the treatment in severe-stage. Likewise, treatment in moderate-stage  tedavi etmeye gore ise ilave % (-) 40.439,83 maliyet ve 1,07 QALY sag-
causes an additional % (-) 40.439,83 cost and provides additional 1.07  lamaktadir. SGK perspektifinden yapilan biit¢e etki analizinin sonug-
QALY comparing to the treatment in severe-stage. According to the  larma gore toplam saglik harcamalarmin %0,66’simin bu hastaligin
results of the budget impact analysis made from the SSI perspective  tedavisine harcandig1 tespit edilmistir. AH’ nin sosyal maliyeti ise
for AD, 0.66% of the total health expenditures were spent on the treat- % 14.462.457.106 olarak tahmin edilmistir. Sonug: Calismada AH'nin
ment of this disease. The social cost of AD was estimated as ¥  erken ve orta evrede tedavi edilmesinin ileri evrede tedavi edilmesine
14.462.457,106. Conclusion: The study was concluded that early and ~ gore en maliyet-etkili secenek oldugu sonucuna varilmistir. Aragtirma
moderate-stage treatment of AD is cost-effective compared to severe-  sonucunda, AH’nin ilerleyen asamalarinda sosyal ve ekonomik mali-
stage treatment. As a result of the study, it was revealed that the so-  yetlerin arttig1, hastalarin yasam kalitesinin diistigii ortaya ¢ikmustir.
cial and economic costs increased and the quality of life of the Bu ¢aligmanin sonuglarinin, AH nin Tiirkiye'deki ekonomik ve sosyal
patients decreased in the progress stages of AD. The results of this  etkisinin degerlendirilmesi agisindan énemli oldugu disiintilmektedir.
study are thought to be important in terms of the assessment of the

economic impact of AD in the Turkey.
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Alzheimer’s disease (AD) is a chronic brain dis- reached 47 million and in 2018 it reached 50 mil-
ease such as other neurodegenerative diseases and is lion.>* 7.7 million more patients are included in this
the most common of dementia-type diseases.' Ac- number each year.” However AD accounts for 60-

cording to the year 2013 data, there are 44.4 million 70% of cases with dementia. Therefore AD has be-
demented patients worldwide. In 2015, this figure come one of the most important problems of public
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health and neurology.® Along with the aging popula-
tion, AD is predicted to increase further in the com-
ing years.”® According to 2007 data, it is known that
around 27 million people in the world are struggling
with AD. It is estimated that this figure will rise to
four times in 2050.%!° The economic effects of de-
mentia-type diseases, which increase exponentially
with the increase of the elderly population, are also
very high.!' In 2009, the total cost of dementia
worldwide was $ 422 billion.'?> In 2010, it reached
$ 604 billion amount to more than 1% of global
gross domestic product (GDP).!* In 2015, the global
cost of dementia reached § 957.56 billion and it is
estimated to be $ 2.54 trillion in 2030 and $9.12 tril-
lion in 2050.'

The cost of AD, the most common cause of de-
mentiaincludes all the costs incurred to cope with dis-
ease prevention, diagnosis, treatment and disease.®!
Direct costs in the total cost of the disease; include
hospital expenses, medical services, medicines, so-
cial care services, and payments made to persons and
institutions offering institutional care services. The
indirect costs of the disease include loss of income,
social losses and out-of-pocket payments by patients

16.17 The intangible costs in-

and family members.
curred due to illness are the worsening of the quality
of life of the patients and caregivers.'® The cost of AD
affects not only patients and their families but also
society as a whole.'*!"” AD requires constant mainte-
nance and long-term treatment. This situation nega-
tively affects the quality of life of the patients, family
members and caregivers, and creates an emotional
burden. For this reason, AD is one of the most so-
cially costly chronic diseases.”>>* However, the ris-
ing cost of care in the advanced stages of the disease
further increases the total cost of the disease, bring-
ing about financial difficulties related to the disease.”®
This leads to increased resource use in health serv-
ices.”* Therefore, it is very important to evaluate the
cost of health care utilization related to AD and the
cost effectiveness of interventions related to disease
treatment.”%%

The absence of any of the investigations which
analyzing the cost-effectiveness of AD in Turkey is
regarded as a serious deficiency. The purpose of this
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research is to analyze cost effectiveness according to
the stages of AD from the perspective of reim-
bursement institution and the society and to deter-
mine the burden of the disease on the country’s
budget.

I MATERIAL AND METHODS

The universe of this research is composed of 70
Alzheimer’s patients at the age of 65-85+ years who
were diagnosed with AD at the public university re-
search and practice hospital between 1 January and
31 December 2016. Costs used in the research are
calculated on the basis of society perspective. Calcu-
lated costs include patient costs, reimbursement in-
stitution costs and social costs. Direct costs are the
costs taken from the perspective of the imbursement
institution. Indirect costs are the costs that the illness
creates for the patient and the society. The clinical ef-
fectiveness data used in the study and the transition
probabilities of the Markov model were taken from
the literature (Figure 1).2%%" In the study, a cost util-
ity analysis was conducted as an economic evalua-
tion technique. In order to simulate the transition
between treatments according to the stages of AD, a
model structure based on excel was created with a co-
hort simulation from Markov models. Patients’ costs,
survival times (ST) and quality adjusted life years
(QALY) were calculated with the Markov model
which a special type of decision analysis that allows
to switch between different situations over a period of
time.?® Stages in the Markov model (Figure 1) include
early stage, moderate stage, severe stage and death.
Cycles in the cohort are lifelong. Except for the first
year, 3% reduction was made in the study. Sensitiv-
ity analysis was performed with the aim of testing the
correctness of the model. For this purpose, the costs
of early stage and moderate stage AD were increased
by 10% and 20%, respectively, and the reduction
rates were taken as 1% and 6%. In order to determine
the burden that AD has on the country budget, a
budget impact analysis was conducted according to
the prevalence data on AD obtained from the litera-
ture.?

The study was conducted in accordance with
the “Declaration of Helsinki”. The administrative
authorization required for the conduct of the re-
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Markov Model Transition Probabilities
AD Stages Early Moderate Severe Death
Early 0.614 0.322 0.043 0.021
Moderate 0.043 0.565 0.339 0.053
Severe 0.000 0.000 0.847 0.153
Death 0.000 0.000 0.000 1.000
AD Clinical Etffectiveness Datas
Early Stage Moderate Stage Severe Stage
0.68 0.68 0.68

FIGURE 1: Markov model.

search was obtained from a public university re-
search and practice hospital where made of researh.
This study does not contain any studies with human
participants performed by any of the authors. In
order to reach the personal and drug cost data of the
patients from the patient files and the hospital’s in-
formation system, permission was obtained from
Stileyman Demirel University Social Sciences
Ethics Committee on 21.02.2017 (IRB: 87432956/
050.99/370025). Also permission was obtained from
the patients or, where necessary, from their legal
representative.

STRUCTURE OF THE RESEARCH MODEL

According to the Markov model, each patient can
only be in one of these health states (early stage, mod-
erate stage, severe stage and death) at any time. The

simple structure and transitional stages of the model
are shown in Figure 1.

According to the Markov model, all patients enter
in the model while they are early stage AD. In the cur-
rent cycle, patients may remain in the early stage or
may progress to moderate and severe stage AD. Pa-
tients with moderate stage AD can either remain in the
same state in the next cycle or can progress to severe
stage AD. Death is a absorbing stage, and patients can
enter to death in all situations.

The annual patient costs, clinical effectiveness
data and transition probabilities of the model accord-
ing to the stages of the AD were determined in the
study. Afterwards, the other model parameters spec-
ified in Table 1 were placed in the Markov model and
the model was run.

TABLE 1: Model parameters.

Parameters As a whole Ear|
Cost (H) 11
Effectiveness

Model and Transition Probabilities Figure 1

Number of Cohort (Patient) 1.000

Time Slice (Year) Lifelong

Threshold (2015 GDP per capita) 1 40.027,07

Discount rate {%) 3

ly stage Moderate stage Severe stage Source
410,10 34.381,15 61.268,67
0.68 0.54 0.37 26
27
www.who.int
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I RESULTS

The annual total costs according to stages of AD
were calculated (Table 2). Annual cost of AD were
$ 11.410,10 for the early stage, © 34.348,15 for the
moderate stage and ¥ 61.268,67 for the severe
stage.

Transition to different health statuses of
Alzheimer’s patients was started with 1000 patients
for three stages (early, moderate and severe stage) and
calculated up to the last cycle. As a result of the cal-
culations made, it was determined how many patients
were in which health statuses and visually presented
(Figure 2).

After determining how many patients were in
the health status with the Markov model, the per
capita costs, ST and QALY of the patients in each
stage were calculated. Table 3 shows the cost per pa-
tient, ST and QALY values according to the stages of
AD.

COST RESULTS

The cost per patient in each Markov cycle according
to the stages of AD is shown in Figure 3. Respec-
tively the reduced lifelong costs of early stage, mod-
erate stage and severe stage AD were © 340.384,41,
1 258.709,03 and £ 299.148,86.

SURVIVAL TIMES RESULTS

The ST in each Markov cycle according to the stages
of AD is shown in Figure 4. Respectively the reduced
ST of early stage, moderate stage and severe stage AD
were 7.79, 6.58 and 4.88.

QUALITY ADJUSTED LIFE YEAR (QALY) RESULTS

The QALY values calculated for the stages of AD are
shown in Figure 5. Respectively the reduced QALY
values of early stage, moderate stage and severe stage
AD were 3.74, 3.71 and 2.66.

The mean ST of Alzheimer patients were calcu-
lated by Markov cohort model (Table 4). Accord-
ing to the calculations made, the average ST of an
Alzheimer’s patient is 19.25 years. An Alzheimer’s
patient has an average ST of 7.79 years in the early
stage, 6.58 years in the moderate stage and 4.88
years in the severe stage.

COST EFFECTIVENESS ANALYSIS RESULTS

The results of the cost-effectiveness analysis com-
paring severe stage AD and early stage AD are pre-
sented (Table 5).
effectiveness analysis, early stage AD provides an
1.10 additional QALY saving and % 41.237,55 addi-
tional cost saving more than severe stage AD. Incre-
mental Cost-Effectiveness Ratio (ICER) in early

According to the cost-

TABLE 2: Total cost according to stages of AD (Annual-$).
Cost Types AD Costs Early Stage AD | Moderate Stage AD | Severe Stage AD Detailed Information about Costs
Treatment Cost 289.96 289.96 289.96 Hospltal care costs (including some of the costs for
= diagnostic procedures)
(2]
S Drug Cost 388.07 666.57 770.87 Drugs of Alzhelmers panents (donopezil, rivastigmine,
-g galantamine, memantine)
Costs of medlcal e_qmpment 119.28 692.81 1631.92 Patient clc_)th and alrt_)ed, bathroom-toilet seat,
and medical metarial wheelchair and medical food costs
Informal care cost 8.888 28120 49415 Thle cost of care provided by relatives (spouses,
= children, relatives, etc.)
(2]
3 The cost of institutional home care and the elderly
% Cost of home care services 1.626.01 4.268.37 8.539.54 care allowance provided by the Ministry of Family
= and Social Policy
2
Out-of-pocket Payments 99.08 34338 62258 | Iansportation costs o the health institution and
inspection contribution share
JOIAL 11.410,10 34.381,15 61.268,67
(I+) &

AD: Alzheimer’s disease.
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FIGURE 2: Markov Cohort Simulation according to stages of Alzheimer’s disease.

stage AD is B 37.488.69 per QALY earned. The re-
sults of the cost-effectiveness analysis comparing se-
vere stage AD and moderate stage AD are presented
(Table 5). According to the cost-effectiveness analy-
sis, moderate stage AD provides 1,07 additional
QALY saving and (-) £ 40.439,83 additional cost sav-
ing more than severe AD. ICER in moderate stage
AD is (-) £ 37.794,23 per QALY earned.

The comparative alternatives in the cost effec-
tiveness analysis, were presented visually at cost-ef-
fectiveness plane (Figure 6). While an acceptance or
rejection decision is made in a cost-effectiveness
analysis, it is not sufficient to interprete only the re-
sults of the ICER. To evaluate the results, it is es-
pecially recommended to compare the ICER to the
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threshold value. It is assumed that the cost is effec-
tive if ICER is below the set threshold and equal to
this value. It is proposed by WHO that per capita
GDP can be taken as a threshold indicator. Based
on the recommendation of WHO, GDP is taken as
the threshold value. Accordingly, the GDP per capita
for the year 2015 was determined as ¥ 40.027,07
($ 11.014) (TSI, 2015). As shown in Figure 6, early
stage AD was found to be cost effective compared to
severe stage AD (treatment of the disease at early
stage compared to treatment at severe stage) as it was
below the threshold value of ICER. The same way
moderate stage AD was found to be cost effective
compared to severe stage AD (treatment of the dis-
ease at moderate stage compared to treatment at se-
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FIGURE 3: Lifelong costs of the Alzheimer's disease according to the stages ().
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FIGURE 5: Quality adjusted life year values of the Alzheimer’s disease according to the stages.

TABLE 4: Average ST of Alzheimer's patients according to Markov cohort model.
Early Moderate Severe

Cycle/1 Year Early Moderate Severe Early Moderate Severe Early  Moderate Severe
Cycle Total 2.824 2.090 5.422 1.505 5.627 279 5.533 0 0
Grand Total 2.82 2.09 5.42 1.51 5.63 0.28 5.53 0.00 0.00
AD Mean ST According 7.79 6.58 4.88
to Stage (Year-Reduced)
AD Mean ST 19.25

AD: Alzheimer’s disease, ST: Survival time.

vere stage) as it was below the threshold value of
ICER.

SENSITIVITY ANALYSIS RESULTS

One-way sensitivity analysis was performed in the
study (Table 6). In the one-way sensitivity analysis
performed, early stage AD costs were increased by
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10-20% and the reduction rate was taken between 1-
6%.

When the critical parameters of the model were
changed in the cost effectiveness analysis comparing
early stage AD with severe stage AD, ICER ranges
from B -15.204,70 to © 85.129,49. That is, ICER is
below the threshold value. In this case, treating the



Selin EROYMAK et al.

Turkiye Klinikleri J Health Sci. 2020;5(1):99-111

TABLE 5: Results of cost-effectiveness analysis of early stage AD and moderate stage AD with severe stage.
€ 23
g = - g £¢S 5
> fu 1] o > [ < o 3
s = = = = - =8 <] i} 2
G 3 @ E 3 5 : N
) 3 g5 °
< <E
(]
g
g 299.148.86 488 61.301.00 2.64 113.313.96
3
(2]
g -—
g g
‘g 340.386.41 7,79 43.695.30 41.237,55 3.74 1.10 91.012.41 37.488.69 §
5
(]
S o
] &
£ 258.709.03 6.58 39.317.48 (-) 40.439.83 3.7 1.07 69.732,89 (-) 87.794.23 8
g <<
o
=
AD: Alzheimer's disease, QALY: Quality adjusted life year, ICER: Increamental cost effectiveness ratio, ST: Survival time.
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FIGURE 6: Cost-effectiveness plane.

disease in the early stage is again the most cost ef-
fective option. When the critical parameters of the
model were changed in the cost effectiveness analy-
sis comparing the moderate stage AD with the severe
stage AD, ICER ranges from % -60.695,30 to
P 19.674,82. That is, ICER is below the threshold
value. In this case, treating the disease in the moder-
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ate stage is again the most cost effective option ac-
cording to treat in severe stage.

BUDGET IMPACT ANALYSIS RESULTS

The budget impact analysis results carried out ac-
cording to the prevalence of AD in Turkey is show in
Table 7. The burden of the disease on the country’s
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Parameter

Early stage cost

Moderate stage cost

Reduction rate (Early stage)

Reduction rate (Moderate stage)

Change
10% lower
20% lower
10% lower
20% lower

1% is received
6% is received

1% is received

TABLE 6: Results of one-way sensitivity analysis.
Cost (%) QALY ICER (£/QALY)
342.345.36 3.74 39.269.55
344.304.30 3.74 41,050.41
275.505.95 3.71 -22.096.17
292.302.87 3.71 -6.398.12
392.786.90 414 85.129.49
282.423.69 3.28 -15.204.70
278.096.80 4 19.674.82
234.204.89 3.34 -60.695.30

6% is received

QUALY: Quality adjusted life year, ICER: Increamental cost effectiveness ratio.

TABLE 7: Budget impact analysis carried out according to AD prevalence in Turkey (2016).

Perspective-cost type

Patient+social perspective {Endirect costs)

Reimbursement institution perspective-SSI (Direct costs)

Society perspective {Direct+Endirect costs)

AD data (2016) Budget impact analysis
Population over 65 years of age (TSI) 6.651.503
Number of Alzheimer's patients-estimated* 425.696

Mean cost (H)** 33.973,67

Total cost of AD (%) 14.462.457.106
Population over 65 years of age (TSI) 6.651.503
Number of Alzheimer's patients-estimated* 425.696

Mean cost (B)** 1.712,97

Total cost of AD (1) 729.202.430
Total Health Expenditures (t) 109.796.400.000
Share of AD in health expenditures (%) 0.66

Population over 65 years of age (TSI) 6.651.503
Number of Alzheimer's patients-estimated* 425.696

Mean cost (H)** 35.686,64

Total cost of AD (%) 15.191.659.536

* The estimated number of patients was determined according to the prevalence data from the obtained study.?

**The average annual cost of AD was calculated according to the Markov model.

AD: Alzheimer's disease, TSI: Turkey Statistical Institution, SSI: Social Security Institution.

budget in 2016 was calculated with three different
perspectives. These were the patient and social per-
spective, the Social Security Institution (SSI) per-
spective and the society perspective. It is determined
that the total health expenditure is  109.796.400.000
in 2016 with the GDP growth rate taken from Turkey
Statistical Institution (TSI). According to the results
of the budget impact analysis made from the patient
and social perspectives, ¥ 14.462.457.106 has been
spent from the country budget for AD in 2016. Ac-
cording to the results of the budget impact analysis
made from the perspective of SSI, it was found out
that in the year 2016 £ 729.202.430 (0.66%) was
spent from the country budget. Finally, according
to the results of the budget effect analysis made
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from the society perspective, it has been determined
that the total burden of the disease on the country
budget is $ 15.191.659.536.

I DISCUSSION

A number of studies have been conducted to reveal
the economic impact of AD in both developed and
developing countries. Within these studies, disease
cost studies have an important place. Studies on the
AD in Turkey, were limited to clinical effectiveness
studies and cost of illness studies.’® The most recent
study made for the purpose of determining the cost of
AD in Turkey was conducted by Zencir et al. Consid-
ering the economic evaluation studies made about AD
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around the world, it is observed that the studies carried
out are mostly focused on drug treatments.*!'*> The
economic evaluation studies conducted according to
the stages of AD are very limited in the literature. One
of the first studies on this subject is the study of cost
benefit analysis by Weimer and Sager in USA.
Weimer and Sarger made cost-benefit analysis of di-
agnosing and treating AD in the early stages.* Ac-
cording to the result of the study, the net social benefit
of diagnosing and treating AD in the early stages
ranges from $§ 106.000 to $ 172.000. Likewise, the
net monetary benefit of diagnosing and treating AD in
the early stages ranges from $ 10.000 to $ 50.000. As
aresult of the study, Weimer and Sager stated that di-
agnosis and treatment of AD in early stages would
provide cost savings. In the same year, Banerjee and
Wittenberg researched the clinical effectiveness and
cost effectiveness of early diagnosis and treatment of
dementia in the UK.** According to the study results,
diagnosis and treatment in the early stages of de-
mentia provides a total savings of £ 245 million over
10 years. This savings consists of £ 120 million in
public spending and £ 125 million in private spend-
ing (made by patients and their relatives). Also diag-
nosis and treatment of dementia in the early stages
provide a QALY gain of 0.01 and 0.02 per patient per
year. Another economic evaluation study according
to stages of AD is the cost-effectiveness analysis
study conducted by Getsios et al. in the UK. This
study assessed the cost effectiveness of treating AD in
carly stage.* According to the results of the study, the
total annual cost of Alzheimer patients treated in the
early stages was £ 204.561 and the QALY value was
5.75. The annual total cost of the Alzheimer patients
not treated in the early stages was £ 209,837 and the
QALY value was 5.61. According to result of the
cost-effectiveness analysis, AD treated in the early
stage provides (-) 55.292,87 additional cost saving
per QALY compared with AD not treated in the
early stage. In this study, the ICER was compared
with the threshold value and found to be below the
threshold value. Therefore, early stage treatment of
Alzheimer patient is considered to be the most cost-
effective option. Another study evaluating the cost-
effectiveness of treating AD in early stage was
performed by Barnet et al. According to the study
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results, early stages diagnosis and treatment of AD
provides a net benefit of $ 56.760 compared to a stan-
dard care treatment.*®

I CONCLUSION

The common conclusion in the economic evaluation
studies made according to the stages of AD is that
diagnosis and treatment in the early stages of the
disease is the most cost effective option and poten-
tially provides the most benefit (social and mone-
tary). The results of this study in which cost
effectiveness was evaluated according to the stages
of AD have the common results with the results of
the studies in the literature. In this study, the ICER
was compared with the threshold value and found
to be below the threshold value. Therefore, early
stage and moderate stage treatments of AD are con-
sidered to be the most cost-effective option com-
pared with severe stage treatment. At the end of the
study, it has been scientifically proven that treating
the disease in early and moderate stages is the most
effective option in terms of both the quality of life
and cost of patients. In addiation, it was found that
the mean ST and quality of life of Alzheimer’s pa-
tients treated at early and moderate stages were
higher than those of severe Alzheimer’s patients.
Therefore it is thought to be important which to cure
Alzheimer’s patients in the early and moderate
stages of the disease in terms of both patient ST and
impact on patients’ quality of life. As a matter of
fact, the function and role loss of the patients is in-
creasing even more in the progressive stages of the
disease. This situation increases the social and eco-
nomic dependence of the Alzheimer’s patients on
their families and society. Therefore, the quality of
life and the satisfaction of life of Alzheimer patients
and their families decrease rapidly. In this regard,
the number of scientific studies addressing the so-
cial and economic problems of Alzheimer’s patients
and their caregivers should be increased and sup-
ported. The prevalence of AD is increasing due to
the increase in the elderly population worldwide.
Therefore, measures must be taken urgently to
struggle with the disease in a social and economic
manner, and to check the progression of the disease.
National and international plans and political strate-
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gies for AD need to be developed. In addition, co-
ordination and communication should be provided
between all sectors related to health and social care
of the disease in national-international plans and
policies to be developed by health politicians related
to AD. All these efforts are thought to be important
in managing the disease effectively.

When the results of the study were evaluated as
awhole, this study is thought to be important in terms
of the assessment of the economic impact of AD in
Turkey. It is also thought to provide scientific contri-
bution to the literature related to economic evalua-
tion of healthcare services. Also will be the source for
future studies made in this field. In conclusion, the
results of this study will raise awareness about AD
across the community. In this context, it is suggested
that governments and health politicians should bring

this issue to their agenda and organize various train-
ing and awareness programs.
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