- Original Article

Model-based Cost-effectiveness Analysis of Atorvastatin Drugs for
Prevention of Cardiovascular Diseases in Iran

Abstract

Background: Today, cardiovascular disease is one of the main causes of mortality and disability
in most developed and developing countries. The prediction of the major causes of deaths all over
the world at all ages shows that 61% of deaths are due to chronic diseases, of which 30% is due to
cardiovascular disease. The aim of this study was to assess the cost-utility analysis of atorvastatin
for the prevention of cardiovascular diseases using the Markov model. Methods: Markov model
with a lifetime horizon was developed to evaluate economic and health outcomes for atorvastatin
drugs for the prevention of cardiovascular diseases for a cohort of 1,000 patients. The effectiveness
indicator in this study was quality-adjusted life-years (QALYs); robustness of results was examined
by one-way and probabilistic sensitivity analysis. Results: The results showed that the use of
atorvastatin compared to no drug intervention was highly cost-effective with USD173 per additional
QALY. The results of one-way and probabilistic sensitivity analysis confirmed the results of this
study. The findings of this study also showed that the highest cost items were hospitalization
costs in the cardiac care unit (CCU). Also, the highest cost items in para-clinical services were
related to echocardiography costs, and troponin constituted the largest cost of laboratory tests.
Conclusions: Based on the results of this study, it is recommended that cardiologists use atorvastatin

in the prevention of cardiovascular disease.
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Introduction

Cardiovascular disease is a major cause of
death in most developed and developing
countries. An estimation report on the most
common causes of death throughout the
globe, including all age groups, showed
that 61% of death cases were due to
chronic diseases, of which 30% were a
result of cardiovascular diseases. Also,
chronic diseases contribute to 48% of the
burden of diseases, 10% of which are due
to cardiovascular diseases. In our country,
cardiovascular diseases account for 79% of
the death of chronic diseases.!'?] Preventive
measures for cardiovascular diseases are
applied at various levels. Interventions and
preventive procedures can decrease the
occurrence of cardiovascular diseases and
brain strokes by approximately 20-30%
along with a similar decrease in mortality
rate and an increase in quality of life.l®!
In addition to preventive interventions, a
drug intervention can also be applied as
a means of decreasing complications of
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cardiovascular diseases.””! One of the most
significant preventive drug interventions
for the cardiovascular disease includes
the use of statin drugs. Statins are most
Wcommonly prescribed as a class of drugs
for reducing blood cholesterol.’) Statins
block the liver’s pathways for producing
cholesterol, depleting the liver cells of
any cholesterol, and finally allowing the
liver to extract the cholesterol from the
blood. Statins also aid the recapture of
cholesterol from sediments in the artery
wall, thus, eradicating coronary artery
diseases.!*¥! Statins can be defined as a class
of cholesterol-lowering agents mainly used
in the prevention of cardiovascular diseases
resulting from increased blood lipids.
Statins work by inhibition of the HMG-CoA
reductase enzyme. Various members of the
drug class of statins are available in drug
markets throughout the world, the most
common type of which include atorvastatin,
fluvastatin, lovastatin, pravastatin, and
simvastatin.”'”? One member of the statin
class of medication with the highest impact
in decreasing low-density lipoprotein (LDL)

How to cite this article: Jabbari A, Jafari A, Hadian M,
Ghasemi M. Model-based cost-effectiveness
analysis of atorvastatin drugs for prevention of
cardiovascular diseases in Iran. Int J Prev Med
2020;11:57.

Alireza Jabbari',
Abdosaleh Jafari?,
Marziye Hadian3,
Mohammad
Ghasemi*

'Health Management and
Economics Research Center,
Isfahan University of Medical
Sciences, Isfahan, Iran, *Health
Human Resources Research
Center, School of Management
and Medical Information
Sciences, Shiraz University of
Medical Sciences, Shiraz, Iran,
3Student Research Committee,
Isfahan University of Medical
Sciences, Isfahan, Iran,
*Member of Social Determinant
of Health Center, Birjand
University of Medical Sciences,
Birjand, Iran

Addpress for correspondence:
Dr. Marziye Hadian,

Student Research Committee,
Isfahan University of Medical
Sciences, Isfahan, Iran.

E-mail: m.hadian68@gmail.com

Access this article online

Website:
www.ijpvmjournal.net/www.ijpm.ir

DOI:
10.4103/ijpvm.IJPVM_578_18

Quick Response Code:

© 2020 International Journal of Preventive Medicine | Published by Wolters Kluwer - Medknow



Jabbari, et al.: Cost-benefit analysis of atorvastatin in prevention

cholesterol and the lowest drug intervention is
atorvastatin.l'"'? Atorvastatin is primarily used in treating
high blood cholesterol and decreasing the risk of brain
strokes, heart attacks or cardiac complications in type-2
diabetic patients, heart diseases, and other risk factors.
Presently, atorvastatin is available in the form of 10, 20,
and 40 mg tablets.*'*"! It is worth noting that despite the
production of this drug in Iran, no economic studies have
been conducted on the cost-effectiveness no cost-utility of
this drug in Iran. This study aimed to assess the cost-utility
of atorvastatin in preventing cardiovascular diseases using
the Markov model.

Methods

We developed a five-state Markov model that is identical
in structure for both alternatives. The study population
included 1,000 hypothetical cohorts above 45 years of age.
Individuals were distributed into various Markov states
according to probability transition (the probability of a
patient transferring between Markov states) for a period
of 1 year. Markov states included healthy, myocardial
infarction (MI) during the first year, MI during years after
the first year, fatal MI, non-MI death Table 1. Based on
Figure 1, individuals with perfect health may either remain
healthy or enter different states including nonfatal MI, fatal
MI, or non-MI death. Also, patients who have previously
experienced nonfatal MI can experience fatal MI or non-MI
death. The probability transition of post-MI to other states
is similar to nonfatal MI. The competitor option for this
study was selected as no intervention and quality-adjusted
life-year (QALY) was used as an effectiveness index.
The QALY measure is calculated according to the utility
value of each Markov state, which is extracted from other
studies.'”) The time horizon of the study was chosen as
a lifetime. Given that the time horizon was more than

Table 1: Relative risks for the use of atorvastatin

Relative risk of using atorvastatin Value Reference
Healthy to nonfatal MI 0.65 15
Healthy to fatal MI 0.74 15

MI: Myocardial infarction

-

o

Figure 1: Markov model o atorvastatin drug
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1 year, the cost and QALYs were discounted with an
annual rate of 7.2% and 3%, respectively.'” Required
information included data on costs,' utility,!'® relative
risks,"® probability transition,['*?” and mortality rate of
cardiovascular diseases and other causes of death.?!?? This
study was performed from the patient’s perspective. Direct
medical costs including costs of drugs, laboratory tests,
appointments, hospitalization, and para-clinical services
were extracted from domestic studies and entered into the
proposed Markov model. The proposed Markov model
was illustrated using the TREE AGE PRO 2011 software.
Incremental cost-effectiveness was later calculated by
dividing the difference of cost to difference of effectiveness.
One-way sensitivity analysis and probabilistic analysis
performed to increase the robustness of results.

Results

Table 2, indicated that the cardiac care unit (CCU)
hospitalization fee had the highest cost among all cost
items. Also, echocardiography and troponin test had the
highest costs among para-clinical services and laboratory
tests, respectively. Streptokinase was the most expensive
drug item. The results of Table 3 indicated that mean
QALYs and costs were estimated to be USD 227 and
17 for atorvastatin and USD 154 and 16 for no action,
respectively. Based on Figure 2, the cost and effectiveness
of atorvastatin are higher compared to no intervention.
For decision-making, the incremental cost-effectiveness
ratio (ICER) must be calculated and compared with the
threshold value. Calculation of ICER is shown as follows:

Incremental cost-effectiveness ratio (ICER) = AR

227-154
17-16
The threshold was calculated based on the WHO method
(three times of GDP per capita, USD 5627).21 Given

that ICER was lower than the threshold; atorvastatin was
cost-effective compared to no intervention.

ICER = = USD73
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Figure 2: Cost-utility analysis of atorvastatin compared to non-intervention
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Sensitivity analysis

Uncertainty is an inevitable factor in all economic
assessments, therefore, this study assessed stability
and  generalization of results using  sensitivity
analysis.?!! In the one-way sensitivity analysis, the value
of each variable increased by 20% and the tornado
diagram was drawn [Figure 3]. The results of tornado
maps [Figure 3] indicated that the study results had the
highest sensitivity towards an increase in QALY value for
no-intervention and the lowest sensitivity toward increased
costs in no-intervention. Figure 4 showed the results of
the probabilistic sensitivity analysis using Monte Carlo

simulation with 1,000 samples as input and a normal
distribution for cost and QALY along with beta distribution
for probabilities. The results showed that atorvastatin was
more cost-effective than no intervention with maximum
willingness to pay (threshold= 3* USD5627).

Discussion

Economic assessments play a significant role in the
optimal allocation of resources and accurate medical
decision-making procedures within the health system. This
study examined the cost-utility of atorvastatin in preventing
cardiovascular diseases in Iran using the Markov Model.
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Figure 3: Tornado diagram for one-way sensitivity analysis
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Figure 4: Probabilistic sensitivity analysis of using atorvastatin compared
to no-intervention

Table 2: The cost components of atorvastatin

Cost item Cost (dollars) Cost item Cost (dollars) Cost item Cost (dollars) Cost item Cost (dollars)
CCU hospitalization fee 78 Fitness test 19 BS 0.45 CPK 2.49
General care units hospitalization fee 61 Laboratory tests TG 0.71 SGOT 0.63
Consultant visit fee 3 CBC Dif. 0.74 Cholesterol 0.52 SGPT 0.63
General practitioner visit fee 3 BUN 0.41 PTINR 0.93 ESR 0.26
Para-clinical services Cr 0.52 PTT 0.93

Electrocardiograph 3 Na 0.59 Troponin 2.45

Echocardiography 36 K LDH 1.86

Table 2 (continued)

Drug item Cost (dollars) Drug item Cost (dollars) Drug item Cost (dollars)
20 mg Rosuvastain 0.148 Enoxaparin 3.72 Captopril 0.01
ASA 0.01 Atorvastatin10 0.03 Streptokinase 9.29
Clopidogrel 0.29 Ranitidine 0.02 Prescription costs 0.2
Metoprolol 0.01 Oxazepam 0.01 c

CCU: Coronary care unit, CBC Dif: Complete blood count, BUN: Blood urea nitrogen, CR: Creatinine, NA: Sodium, K: Potassium, BS: Blood
sugar, TG: Thyroglobulin, PTINR: Prothrombin time, PTT: Partial thromboplastin time, LDH: Lactate dehydrogenase, CPK: Creatine phosphokinase,
SGOT: Serum glutamic-oxaloacetic transaminase, SGPT: Serum glutamic-pyruvic transaminase, ESR: Erythrocyte sedimentation rate

Table 3: The results of cost-utility analysis

Compared items Cost QALY Cost difference QALY difference Result
Atorvastatin USDv227 17 USD 173 1 Requires comparing ICER
Non-intervention USD 54 16 with threshold value

QALY: Quality-adjusted life year, USD: United States, Dollar, ICER: Incremental cost-effectiveness ratio
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This is the first instance of such a study and the results
indicated that atorvastatin, is more cost-effective in
comparison with no intervention. Results were further
verified by one-way and probabilistic sensitivity analysis.
Study results also indicated the cost of hospitalization in
CCU, constituted the highest cost among various items.
The highest costs of para-clinical services and laboratory
tests were from echocardiography and troponin tests,
respectively. Streptokinase was also indicated as the most
expensive drug among other drug items. Results of a study
by Palmer et al. on the cost-effectiveness of atorvastatin
in England showed that atorvastatin had a lower cost and
higher effectiveness compared to fluvastatin.”! The results
of this study were consistent with those obtained by Palmer
et al.

Research by Heirich et al. in England showed that
atorvastatin in 20 and 40 mg dosages were more
cost-effective  than  rosuvastatin, pravastatin, and
simvastatin.”) The results of the present study were also
consistent with those obtained by Heircih et al. Another
study by Casta et al. in England showed that atorvastatin
was more cost-effective compared to rosuvastatin. The
results of sensitivity analysis also indicated that this drug
has a higher cost-effectiveness ratio for every clinical
effectiveness unit for a wide spectrum of monetary
values compared to other members of the statins class of
medication.”” Since atorvastatin is readily available and
used for treating cardiovascular diseases in most hospitals
in Iran, the results of this study can be generalized to other
Iranian hospitals. However, considering the differences in
cost coverage offered by insurance companies, the patients’
willingness to pay, and the prevalence of cardiovascular
diseases for different countries, the results of this study
cannot be generalized to other countries.
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