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Abstract 

Background Post-hospitalized acute coronary syndrome (ACS) patients in Indonesia National Insurance does not pay 
for the use of high-intensity statin (HIS) for secondary prevention after ACS hospitalization. Moreover, a cost–utility 
analysis needs to be conducted to evaluate the cost-effectiveness of prescribing HIS and low-to-moderate-intensity 
statin (LMIS) per quality-adjusted life year (QALY). This study aimed to estimate the cost–utility of long-term HIS treat-
ment in post-hospitalized ACS patients in Indonesia compared to current practice.

Results This study compared the economic outcomes of long-term HIS and LMIS in Indonesian post-hospitalized 
ACS patients. A lifetime Markov model predicted ACS-related events, costs, and QALY from a payer perspective. 
A systematic review estimated treatment-specific event probabilities, post-event survival, health-related quality of life, 
and Indonesia medical-care expenses from published sources. This study conducted probabilistic sensitivity analysis 
(PSA) using 1000 independent Monte Carlo simulations and a series of one-way deterministic sensitivity analyses 
utilizing a tornado diagram. The economic evaluation model proved that intensive HIS treatment can increase per-
patient QALYs and care expenditures compared to LMIS. The use of HIS among post-hospitalized ACS patients had 
ICER 31.843.492 IDR per QALY gained, below the Indonesia willingness-to-pay (WTP) for terminal disease and life-
saving treatment.

Conclusion From the Indonesia payer perspective, using HIS for post-hospitalized ACS patients in Indonesia is cost-
effective at 31.843.492 IDR per QALY gained.

Keywords Acute coronary syndrome, Cost–utility analysis, High-intensity stain, Cost per quality-adjusted life year

Background
Cardiovascular disease is the highest rate of total burden 
noncommunicable disease worldwide during these five 
recent years as the leading cause of disability-adjusted 
life year (DALY) loss globally [1]. Cardiovascular diseases 
account for an estimated one-third of global mortal-
ity, with ischemic heart disease (IHD) being the specific 
cause of 7.5 million of these fatalities [2]. Acute coro-
nary syndromes (ACSs) and sudden death account for 
the majority of IHD-related fatalities annually, amount-
ing to 1.8 million. ACS, in general, increases incidence 
with age; however, this occurs 7–10 years earlier in men 
on average than in women. According to the American 
Heart Association, one heart attack occurs approximately 
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every 41 s [3]. Age-standardized mortality rates (ASMRs) 
for ACS were highest in lower-income global regions in 
2020 for both sexes [4]. Some recent guidelines recom-
mend the use of statins as the major therapy for athero-
sclerotic cardiovascular disease (ASCVD), including ACS 
[5]. The use of statins as an important medication in the 
primary and secondary prevention of vascular diseases 
has been applied to patients with ACS [6]. Ensuring con-
sistent adherence to statin therapy decreases the likeli-
hood of experiencing an initial cardiovascular disease 
(CVD) event and subsequent CVD events in high-risk 
individuals (primary prevention and secondary preven-
tion, respectively) [7]. The effort to reduce low-density 
lipoprotein-cholesterol (LDL-C) levels is closely related 
to diminishing the risk of recurrence of cardiovascu-
lar events among ACS patients. The prescriber should 
observe the clinical outcomes data, the cost aspect, and 
the patient’s quality of life during the ACS therapy.

Financial and humanistic aspects are becoming piv-
otal concerns for chronic diseases and clinical outcomes. 
These concerns are due to the patients experiencing the 
therapy for a long period, so the prescriber should be 
aware of how to optimize the statin therapy during the 
treatment period. Statin should be prescribed to high-
risk cardiovascular event patients. Based on their ability 
to reduce LDL-C levels, statins are classified as high-
intensity, moderate-intensity, or low-intensity. LDL-C 
levels are reduced by at least 50% with high-intensity 
statins, such as atorvastatin (40–80 mg daily) and rosu-
vastatin (20–40  mg daily). Moderate-intensity statins, 
including atorvastatin (10–20  mg daily), rosuvastatin 
(5–10 mg daily), simvastatin (20–40 mg daily), and oth-
ers, decrease LDL-C levels by 30–50%. Low-intensity 
statins, including Simvastatin (10  mg daily), Pravastatin 
(10–20 mg daily), and others, decrease LDL-C levels by 
less than 30%. The selection of statin dosage is contingent 
upon the patient’s cardiovascular health and risk factors. 
Low-intensity statins may be more suitable for patients 
with lesser risk factors or those who cannot tolerate 
higher doses, whereas high-intensity statins are generally 
advised for individuals who are at a heightened risk for 
cardiovascular events [8, 9].

Some studies revealed that the use of high-intensity 
statin (HIS) is still underused for those populations and 
for secondary prevention in some countries [10, 11]. 
Based on Indonesia’s national list of essential medicines 
and Indonesian Case Base Groups (INA-CBGs), the use 
of HIS will only be covered by the government in the 
hospitalized setting and three weeks after discharge [12]. 
Moreover, it needs to conduct the cost–utility analy-
sis to evaluate the cost-effectiveness of prescribing HIS 
compared to low-to-moderate-intensity statin (LMIS) 
per quality-adjusted life year (QALY) gained among the 

post-hospitalized patients for a lifetime period in the set-
ting of Indonesia’s national health insurance.

This study conducts cost simulation to present the 
cost-effectiveness of using HIS as secondary prevention 
among patients with post-hospitalized ACS compared 
to LMIS. Markov model is used for the current study 
by applying lifetime horizon and payer perspective to 
evaluate. Cost-effectiveness study from a payer stand-
point pertains to the expenditures accrued by a par-
ticular payer, such as a government agency, insurance 
company, or healthcare provider [13]. This study focused 
on providing data about the benefit of covering the need 
for lifetime consumption of HIS as a secondary preven-
tion among post-hospitalized ACS patients, which is not 
covered by Indonesian government insurance (BPJS). It 
only covered the use of HIS in the hospitalized setting 
until three weeks after discharge. The lifetime use of HIS 
among post-hospitalized ACS patients is recommended 
by the updated guideline [12]. When evaluating the cost-
effectiveness of interventions, payer perspective is fre-
quently applied in cost-effectiveness studies. The payer 
is typically concerned with the impact of a treatment or 
intervention on patient health outcomes and the costs 
associated with it [14, 15]. Therefore, this study aimed to 
estimate the cost–utility of long-term use of high-inten-
sity statin among post-hospitalized patients with acute 
coronary syndrome compared with current practice in 
Indonesia.

Methods
Research design
The applied economic assessment in this study was a 
cost–utility analysis in which the incremental cost per 
QALY gained was utilized to determine cost-effective-
ness. This study employed techniques of the Markov 
model to construct a state-transition model of the out-
comes and costs of secondary cardiovascular preven-
tion. Based on the type of statin therapy received (HIS/
LMIS), the model predicts the likelihood of experienc-
ing Resolved ACS (RA) and major cardiovascular events 
myocardial infarction (MI), revascularization (RV), car-
diac arrest (CAr)], and death as seen in Fig. 1. All analyses 
in this study were performed from the payer perspective, 
which refers to Indonesia’s national health insurance.

Parameters
In regard to obtaining relevant input parameters and 
studies that could support the current study method, a 
systematic review was conducted. PubMed and Scopus 
databases were searched from conception to February 
2022. The search terms and strategies were using key-
words as follows: (post hospitalized) and (acute coronary 
syndrome) and (high-intensity statin or Low-Intensity 
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Statin or Moderate Intensity Statin or Simvastatin or 
Atorvastatin or Rosuvastatin) and (Major Adverse Car-
diac Events or Cardiac Event Survival) and (Cost Benefit 
Analysis or Cost-Effectiveness Analysis or Cost-Utility 
Analysis). Any kinds of studies published in English were 
selected if they met the inclusion criteria: (i) any kind of 
cost analysis, (ii) used the post-hospitalized ACS patient 
as the sample/participant, (iii) had at least one major 
adverse cardiac event (MACE) as the end point of statin 
intervention. Studies were excluded if there was insuffi-
cient information related to statin’s name and dose. Each 
study’s performance was checked using Cheers Checklist 
[16].

Transition probability
The Markov model was composed of several distinct 
health states defined according to major CVD event 
status (Resolved ACS, Cardiac Arrest, Myocardial 
Infarction, Revascularization, and Death) (Fig.  1). The 
parameter description is indicated in Table  1. Within a 
Markov model, the health states represent various illness 
stages, treatment choices, or end results. The transition 
probabilities quantify the probability of transitioning 
from one health state to another during a certain period 
of time. Utilities, or quality of life (QoL) metrics, are allo-
cated to each health state to quantify the effect of the 
health state on the patient’s well-being [17, 18]. Measures 
of utility (a summary measure of quality of life on a zero-
to-one scale) and economic cost are assigned to each 
health state. Patients in major event states are subjected 
to the long-term utility and mortality consequences of 
their specific cardiovascular event(s) [19].

Estimation of the model involves predicting and track-
ing patients’ transitions across these health states in 
1-year intervals, in a Markov process, and tallying their 
CVD events, life-years, QALYs, and costs over the course 
of their lifetimes [20]. The model was calculating the 
transitional probabilities started from age 30 years old.

Utility and cost
Indonesian data were used to estimate the cost-effec-
tiveness. Model parameters included drug costs, event 
costs, hazard ratio, and population mortality. The target 
population was a hypothetical cohort of 1000 Indonesian 
patients with post-hospitalized ACS. Model parameters 
that were kept fixed across all countries included cardio-
vascular event rates, treatment efficacy, utility weights, 
and the effects of cardiovascular events on survival. The 
Markov model will be adapted to simulate a hypothetic 
cohort of Post-Hospitalized ACS patients who received 
low to moderate-intensity statin compared to those who 
received high-intensity statin. Each cost intervention was 
collected from one of the Indonesia Secondary Hospital 
data per visit per patient in 2022. All costs were consid-
ered in Indonesian Rupiah and then converted to USD 
only for the cost-effectiveness ratio (ICER)/QALY based 
on the exchange rate by March 31, 2022. All values used 
in the model for the current study, including probabilities, 
cost, hazard ratio, and utility, are displayed in Table 1. A 
lifetime period was used for the simulation in this study. 
The annual discount rate for expenses and utilities in the 
base cases was established at 3% by the methodological 
norms for pharmacoeconomic evaluations. The primary 
cost-effectiveness outcome was incremental cost per 
QALY gained for patients receiving high-intensity statin 

Fig. 1 Markov model states and possible transitions
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Table 1 Event probabilities, cost, hazard ratio, and utility used in the model

Name Value Parameter description SE Ref

drC 0.03 Discounting rate for costs WHO 2015

drO 0.03 Discounting rate for outcomes WHO 2015

Transitional probabilities

tpRA_RA 0.952 Transition probability from Resolved ACS to Stay Resolved 
ACS

0.095

tpRA_MI 0.012 Transition probability from RA to MI 0.001 Taylor et al. [19]

tpRA_CAr 0.001 Transition probability from RA to Cardiac Arrest 0.001 Taylor et al. [19]

tpRA_Rv 0.035 Transition probability from RA to Revascularization 0.001 Taylor et al. [19]

tpMI_MI 0.049 Transition probability from MI to MI 0.010 Taylor et al. [19]

tpMI_Rv 0.027 Transition probability from MI to Revascularization 0.004 Taylor et al. [19]

tpMI_D_30to34 0.007 Transition probability from MI to Death age 30–34 0.001 Taylor et al. [19]

tpMI_D_35to39 0.009 Transition probability from MI to Death age 35–39 0.001 Taylor et al. [19]

tpMI_D_40to44 0.014 Transition probability from MI to Death age 40–44 0.001 Taylor et al. [19]

tpMI_D_45to49 0.020 Transition probability from MI to Death age 45–49 0.002 Taylor et al. [19]

tpMI_D_50to54 0.032 Transition probability from MI to Death age 50–54 0.003 Taylor et al. [19]

tpMI_D_55to59 0.050 Transition probability from MI to Death age 55–59 0.005 Taylor et al. [19]

tpMI_D_60to64 0.084 Transition probability from MI to Death age 60–64 0.008 Taylor et al. [19]

tpMI_D_65to69 0.131 Transition probability from MI to Death age 65–69 0.013 Taylor et al. [19]

tpMI_D_70to74 0.205 Transition probability from MI to Death age 70–74 0.021 Taylor et al. [19]

tpMI_D_75to79 0.326 Transition probability from MI to Death age 75–79 0.033 Taylor et al. [19]

tpMI_D_80to84 0.508 Transition probability from MI to Death age 80–84 0.051 Taylor et al. [19]

tpCAr_D_30to34 0.004 Transition probability from Cardiac Arrest to Death age 
30–34

0.000 Taylor et al. [19]

tpCAr_D_35to39 0.005 Transition probability from Cardiac to Death age 35–39 0.001 Taylor et al. [19]

tpCAr_D_40to44 0.008 Transition probability from Cardiac Arrest to Death age 
40–44

0.001 Taylor et al. [19]

tpCAr_D_45to49 0.012 Transition probability from Cardiac Arrest to Death age 
45–49

0.001 Taylor et al. [19]

tpCAr_D_50to54 0.018 Transition probability from Cardiac Arrest to Death age 
50–54

0.002 Taylor et al. [19]

tpCAr_D_55to59 0.028 Transition probability from Cardiac Arrest to Death age 
55–59

0.003 Taylor et al. [19]

tpCAr_D_60to64 0.048 Transition probability from Cardiac Arrest to Death age 
60–64

0.005 Taylor et al. [19]

tpCAr_D_65to69 0.074 Transition probability from Cardiac Arrest to Death age 
65–69

0.007 Taylor et al. [19]

tpCAr_D_70to74 0.116 Transition probability from Cardiac Arrest to Death age 
70–74

0.012 Taylor et al. [19]

tpCAr_D_75to79 0.185 Transition probability from Cardiac Arrest to Death age 
75–79

0.019 Taylor et al. [19]

tpCAr_D_80to84 0.288 Transition probability from Cardiac Arrest to Death age 
80–84

0.029 Taylor et al. [19]

tpRv_Rv 0.135 Transition probability from Revascularization to Revasculari-
zation

0.009 Taylor et al. [19]

tpRv_MI 0.396 Transition probability from Revascularization to MI 0.024 Taylor et al. [19]

tpRv_D_30to34 0.004 Transition probability from Revascularization to Death age 
30–34

0.000 Taylor et al. [19]

tpRv_D_35to39 0.005 Transition probability from Revascularization to Death age 
35–39

0.001 Taylor et al. [19]

tpRv_D_40to44 0.007 Transition probability from Revascularization to Death age 
40–44

0.001 Taylor et al. [19]

tpRv_D_45to49 0.011 Transition probability from Revascularization to Death age 
45–49

0.001 Taylor et al. [19]
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compared to LMIS per quality-adjusted life year (QALY) 
gained among the post-hospitalized patients for a life-
time period in the setting of Indonesia’s national health 
insurance.

Direct Medical Cost per Health State was obtained 
from Indonesia-Case Based Groups 2016 (INA-CBGs) 
for Government Hospital Type B. All Direct Medical 
Cost per Health States are referred to moderate state 
and using 2nd Class Room facilities. For this model, all 
patients started from the stable ACS and then move to 
other health states as the second events.

Sensitivity analysis
In order to incorporate uncertainties and model 
assumptions, sensitivity analysis was conducted for 

each variable across its estimated range. In order to 
accomplish this, we simulated the daily administration 
of high-intensity statin (HIS) and low- to moderate-
intensity statin (LMIS) to hospitalized patients. HIS is 
defined as administering atorvastatin 40  mg or rosuv-
astatin 20  mg. LMIS is defined as the use of any dose 
of simvastatin, including lower doses of atorvastatin/
rosuvastatin (the annual cost was 1.474.656 IDR and 
3.908.568 IDR for LMIS and HIS, respectively, dur-
ing 2022). To more precisely assess the accuracy of 
our cost-effectiveness estimates, this study conducted 
probabilistic sensitivity analysis (PSA) by using 1000 
independent Monte Carlo simulations and a series of 
one-way deterministic sensitivity analyses utilizing a 
tornado diagram. In each simulation, a random sample 

Values indicate a numerical reference for each parameter that were derived from previous study to be apply in the current study model

SE (standard error) signifies the lack of certainty in the predicted effect size from each chosen reference

Table 1 (continued)

Name Value Parameter description SE Ref

tpRv_D_50to54 0.017 Transition probability from Revascularization to Death age 
50–54

0.002 Taylor et al. [19]

tpRv_D_55to59 0.027 Transition probability from Revascularization to Death age 
55–59

0.003 Taylor et al. [19]

tpRv_D_60to64 0.045 Transition probability from Revascularization to Death age 
60–64

0.005 Taylor et al. [19]

tpRv_D_65to69 0.071 Transition probability from Revascularization to Death age 
65–69

0.007 Taylor et al. [19]

tpRv_D_70to74 0.111 Transition probability from Revascularization to Death age 
70–74

0.011 Taylor et al. [19]

tpRv_D_75to79 0.176 Transition probability from Revascularization to Death age 
75–79

0.018 Taylor et al. [19]

tpRv_D_80to84 0.274 Transition probability from Revascularization to Death age 
80–84

0.027 Taylor et al. [19]

Cost parameters

Direct Costs per Health State

dmcRA Rp 19,728,100 Direct medical costs associated with Resolved ACS Rp 197,281 INA-CBGs 2016

dmcMI Rp 12,118,800 Direct medical costs associated with Myocardial Infarction Rp 121,188 INA-CBGs 2016

dmcCAr Rp 7,041,400 Direct medical costs associated with Cardiac Arrest Rp 70,414 INA-CBGs 2016

dmcRv Rp 40,024,100 Direct medical costs associated with Revascularization Rp 400,241 INA-CBGs 2016

Cost of Interventions

cHIS Rp 3,908,568.00 Direct Medical Cost of using High-Intensity Statin per year Rp 390,856.80 Indonesia Secondary Hospital Type B

cNHIS Rp 1,474,656.00 Direct Medical Cost of using Moderate Statin per year Rp 147,465.60 Indonesia Secondary Hospital Type B

High-Intensity Statin Efficacy

HR_HIS_MI 0.77 HR for MI events by using HIS 0.07 Taylor et al. [19]

HR_HIS_CAr 1.07 HR for Cardiac Arrest events by using HIS 0.11 Taylor et al. [19]

HR_HIS_Rv 0.73 HR for Revascularization events by using HIS 0.04 Taylor et al. [19]

Utility parameters

uRA 0.78 Quality of life for Resolved ACS 0.078 Lin et al. [20]

uMI 0.65 Quality of life for Myocardial Infarction 0.065 Lin et al. [20]

uCAr 0.68 Quality of life for Cardiac Arrest 0.068 Lin et al. [20]

uRv 0.78 Quality of life for Revascularization 0.078 Taylor et al. [19]
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was taken from each variable across their respective 
range of estimates.

Results
A total of 224 articles were identified from PubMed and 
Scopus. A hundred and eleven duplicates were removed, 
leaving 113 articles for the title and abstract screening. 
Then, 60 unrelated articles were excluded, resulting in 
53 articles for full-text screening. Finally, 8 articles were 
eligible to include in the review. The data related to the 
selected studies are presented in Table 2.

Based on the result above, most of the study used the 
payer perspective to analyze the cost-effectiveness of 
using statin. Most of the studies used life time horizon 
to run the Markov Model. Thus, Markov model for cur-
rent study was applying life time horizon and payer per-
spective to evaluate cost-effectiveness of using HIS as 
secondary prevention for post-hospitalized ACS when 
compared with LMIS.

Base case analysis
The results are presented in terms of incremental cost-
effectiveness ratio (ICER), which was the difference in 
cost divided by the difference in QALY between HIS and 
LMIS treatment. Additionally, the simulated results of 
1000 patients over lifetime years were reported. Based on 
the result on the deterministic and probabilistic analysis 
results, high-intensity statin therapy accrued more drug 
costs annually (27.375.930–34.094.257 IDR) compared to 
low-to-moderate-intensity statin therapy.

The incremental cost-effectiveness ratio (ICER) was 
31.843.492,98 IDR and 31.742.536,88 IDR based on 

deterministic and probabilistic analysis, respectively, 
shown in Fig.  2. Refer to the Indonesia gross domestic 
product (GDP) (4193.109 USD in Dec 2019), the ICER of 
HIS intervention treatment is lower than one Indonesia 
GDP, so it can be considered highly cost-effective if it is 
applied as secondary prevention among post-hospital-
ized ACS patients for lifetime consumption from payer 
perspective.

Sensitivity analysis
This study presents a series of one-way deterministic 
sensitivity analyses using a tornado diagram, as shown 
in Fig.  3. The ICER significantly increased with the ele-
vated direct medical costs associated with resolved ACS. 
The ICER was sensitive to other parameters, such as Dis-
counting Rate for Cost and Hazard Ratio for Myocardial 
Infarction events following Revascularization events 
among post-hospitalized ACS patients who received 
HIS. These analyses indicate that the model results are 
most sensitive to the direct medical costs associated with 
resolved ACS. The results are least sensitive to the util-
ity values among patients with resolved ACS, the direct 
medical cost of using HIS, which is spent annually, and 
the Hazard Ratio of Cardiac Arrest among post-hospital-
ized ACS patients who received long-term HIS.

The results of the probabilistic model analyses for Indo-
nesia are displayed in the cost-effectiveness acceptability 
curves in Fig.  4. These curves indicate that the lifetime 
use of HIS among the post-hospitalized ACS patients is 
cost-effective in 0.99 (99%) of simulations at both thresh-
olds of three times Indonesia GDP (206.319.831,79 IDR) 
per capita per QALY and WTP of life-saving disease 

Table 2 Selected references

The time horizon refers to the duration during which costs and impacts are assessed

Discount is a method frequently employed in cost-effectiveness analysis for "fairly" comparing programs whose outcomes and costs transpire at dissimilar points in 
time

References Intervention Comparator Perspective Cost Outcome Model Time Horizon Discount

Barrios et al. [21] Polypill Multiple monotherapy 
(Atorvastatin)

Payer Direct MACE Markov 10 years 3%

Almalki et al. [22] Simvastatin 40 mg + 
Ezetimibe 10 mg

Simvastatin 40 mg Payer Direct MACE Markov 5 years
10 years
Lifetime

3%

Gómez-Gerique et al. 
[23]

Atorvastatin 80 mg Placebo Payer Direct MACE Markov Lifetime 3.5%

Ademi et al. [24] 100% statin coverage
(Low-Intensity Statin)

82% statin coverage
(Low-Intensity Statin)

Government Direct MACE Markov 5 years 5%

Lazar et al. [25] Low-intensity statin (low 
cost)

Suggested statin by ATP 
III

Societal Direct MACE Markov 30 years 3%

Chan et al. [26] High Dose Statin Conventional Statin Societal Direct MACE Markov Lifetime 3%

Taylor et al. [19] Atorvastatin 80 mg Atorvastatin 10 mg Payer Direct MACE Markov Lifetime 3.5%

Lin et al. [20] Moderate-Intensity 
Statin

No Statin Payer Direct MACE Markov 10 ears 3%
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Fig. 2 Deterministic and probabilistic analysis results

Fig. 3 Tornado diagram presenting the one-way sensitivity analysis results
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in Indonesia (192.514.839 IDR) per QALY. Therefore, 
based on the Cost-Effectiveness Acceptability Curve, this 
study can assume that at both referred willingness to pay 
threshold per event avoided, there is a 99% probability 
that high-intensity statin long-term treatment among 
post-hospitalized ACS patients would be cost-effective.

A scatterplot of 1000 repetitions of bootstrap illus-
trates the uncertainty surrounding the estimation of the 
cost-effectiveness ratio (Fig.  5). All effectiveness points 
lie to the right of the vertical axis, indicating relative 
certainty regarding incremental effectiveness using HIS 
treatment over a lifetime. The points cross the horizon-
tal axis, reflecting uncertainty about whether HIS treat-
ment is dominant or improves the effectiveness point at 
additional cost. This study can report the probabilistic 
sensitivity analysis results through the cost-effectiveness 
plane. The four-quadrant diagram illustrates the incre-
mental cost and effect (QALYs) of high-intensity statin 
treatment compared to low-to-moderate-intensity statin 
in the 1000 Monte Carlo simulations. The black diago-
nal line partitioning the plane represents the ceiling ratio 
for decision-making and defines the cost-effectiveness 
acceptability region based on Indonesia’s GDP, and the 
yellow line based on Indonesia’s willingness to pay for 
life-saving disease. The points below the diagonal line 
were cost-effective at a willingness-to-pay (WTP) thresh-
old of Indonesia’s GDP (206.319.831,79 IDR) per capita 
per QALY and WTP of life-saving disease in Indonesia 
(192.514.839 IDR) per QALY.

Discussion
The systematic review process was utilized in this eco-
nomic evaluation study, which utilized data from prior 
studies with the required values for the current investi-
gation. After that, the Markov model was constructed 
using the data acquired from the carefully chosen arti-
cles. Unfortunately, only a few studies could provide the 
required data. Thus, a future study in Southeast Asia, 
specifically in Indonesia, should be conducted to provide 
such data for developing the same model. A comparison 
was made between the economic benefits of prescribing 
HIS for post-hospitalized patients with ACS and LMIS. 
The model was designed to illustrate this comparison. 
Patients diagnosed with acute coronary syndrome are 
given statins for both primary and secondary prevention 
of major adverse cardiac events [27]. A higher cost of HIS 
compared to LMIS was found in this study. However, the 
World Health Organization’s (WHO’s) Choosing inter-
ventions that are cost-effective (CHOICE) project defined 
interventions for which the cost per QALY gained is less 
than the gross domestic product (GDP) per capita is 
highly cost-effective and between one and three times 
GDP per capita as cost-effective [28]. In our scenario 
analysis, given that all statin is used once a day for life by 
the patient since the ACS hospitalization, based on the 
result, this study reports ICER per QALY below the Indo-
nesia WTP for a terminal disease, moderate and live-
saving treatment as mentioned in the study conducted by 
Kristina et al. (2018) [29] in Indonesia. By also referring 

Fig. 4 Probability that the use of HIS is cost-effective when compared to LMIS based on probabilistic sensitive analysis
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to the previous study conducted by Tri Murti Andayani 
[30], this study reported the WTP in Indonesia for live-
saving disease and terminal illness were 192,514,839 IDR 
(SD = 301,386,928); 194,976,141 IDR (SD = 350,974,703), 
respectively, which still much higher than ICER of HIS 
intervention by the model in this study. Therefore, the 
use of high-intensity statin is supposed to be applica-
ble to post-hospitalized ACS patients as a secondary 
prevention. A supporting previous study found that 
in subgroups defined by age, gender, atrial fibrillation, 
dementia, diabetes, heart failure, revascularization, prior 
statin use, or use of other evidence-based drugs, a higher 
first statin dose after MI was associated with improved 
long-term outcomes [31]. A prior investigation identified 
the intensity of pre-hospital statins as the primary deter-
minant correlated with the intensity of the post-discharge 
statin regimen [10]. An adjustment in the dosage of the 
statin therapy was similarly impacted by the pre-event 
statin dosage one year after discharge [10, 32].

Based on the one-way sensitivity analysis result, the 
long-term use of HIS among post-hospitalized ACS 
patients to prevent myocardial infarction and revas-
cularization recurrence is preferable. Regardless of 
atherothrombotic risk classification, high-intensity sta-
tin medication at discharge after an acute myocardial 

infarction was linked with fewer major adverse car-
diovascular events at five years, with the biggest abso-
lute reduction reported in the high-risk TRS-2P class 
(Thrombolysis In Myocardial Infarction Risk Score for 
Secondary Prevention) [33]. This study result aligns with 
a few recent studies with retrospective database analy-
ses, which showed the benefit of high-intensity statin 
use for secondary prevention of cardiac arrest, recurrent 
MI, and the need for revascularization [27, 34]. Thus, 
HIS is highly recommended for secondary prevention 
to be applied among post-hospitalized ACS patients in 
Indonesia.

Patients who are readmitted to the hospital with acute 
coronary syndrome (ACS) and fail to adhere to high-
intensity statin therapy may face an increased likelihood 
of experiencing adverse cardiovascular events such as 
myocardial infarction, stroke, and cardiovascular mortal-
ity. Patients with ACS who fail to adhere to lifelong con-
suming HIS may incur higher healthcare expenses as a 
result of the necessity for more frequent and expensive 
interventions to manage cardiovascular events. In addi-
tion to the patients themselves, their families may also 
experience a decline in quality of life due to an increased 
likelihood of cardiovascular events and complications 
[35, 36].

Fig. 5 Plot of 1000 bootstrap samples showing the incremental cost between HIS and LMIS on Y-axis versus the incremental effectiveness on X-axis
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Undertaking a cost-effectiveness analysis (CEA) on the 
lifetime utilization of high-intensity statins by patients 
who have been hospitalized with acute coronary syn-
drome (ACS) and are residing in low–middle-income 
countries (LMICs) can yield significant insights regarding 
the economic advantages associated with this therapeutic 
approach. A reduction in the likelihood of cardiovascular 
events such as all-cause mortality, myocardial infarction, 
stroke, rehospitalization, and revascularization is among 
the advantages of high-intensity statin therapy. Under-
standing the cost-effectiveness of high-intensity sta-
tin therapy can assist decision makers in LMICs, where 
healthcare resources are frequently scarce and cardiovas-
cular disease prevalence is high, in the more efficient and 
effective allocation of resources. The incremental cost-
effectiveness ratio (ICER) of high-intensity statin therapy 
compared to conventional-dose statin therapy can be 
calculated with the assistance of the CEA. This ICER can 
inform resource allocation and treatment strategy deci-
sions. Additionally, by comparing the costs and outcomes 
of high-intensity statin therapy to the expenses associ-
ated with managing cardiovascular events without statin 
therapy, the CEA can assist in identifying potential cost-
saving opportunities. For patients with ACS in LMICs, 
these data can be utilized to guide the development of 
cost-effective treatment strategies and inform health pol-
icy decision makers [26, 37, 38].

It is expected that the results of this research will give 
health policymakers an idea of the many benefits that 
can be obtained from both the financing aspect and the 
quality of life of patients with ACS. This study can help 
health policymakers make the right decisions regard-
ing resource allocation for health service interven-
tions, namely the lifelong use of HIS in ACS patients. 
The lifelong use of HIS as secondary prevention in ACS 
patients, which has been proven through this cost simu-
lation model, can reduce costs caused by the occurrence 
of major adverse cardiac events after hospitalization, 
including death. If the financing for HIS therapy can be 
covered in its entirety by the Indonesian government’s 
health insurance, then this could be a big step for the 
Indonesian government to reduce patient mortality due 
to ACS. This study is limited to secondary hospitals with 
2nd Class facilities based on INA-CBGs guidelines. It is 
also supposed to apply to higher-class facilities and ter-
tiary hospitals with higher budget coverage from Indone-
sia National Health Insurance. There have been very few 
previous cohort studies that have evaluated the financial 
benefits and quality of life in post-ACS patients who have 
been exposed to lifelong HIS use and its association with 
the risk of cardiac events. As a result, our work gener-
ates a CEA simulation using limited previous study data. 
Future cohort studies are needed on using HIS in LMICs, 

particularly in Indonesia, and financing lifelong HIS con-
sumption through Indonesian national health insurance.

Conclusion
A cost-effectiveness ratio (ICER) of Rp 31.843.492 per 
QALY gained indicates that the use of high-intensity 
statins among post-hospitalized patients with acute 
coronary syndrome in Indonesia is regarded to be effec-
tive. The use of high-intensity statins as a secondary pre-
vention strategy among patients with ACS in order to 
prevent recurrences of myocardial infarction and revas-
cularization is advised over a prolonged period of time.

Recommendation
The findings of this trial strongly support the lifetime use 
of high-intensity statins (HISs) for post-hospitalized ACS 
patients in order to prevent future major adverse cardiac 
events. Given the higher cost and greater benefit of HIS 
over low–moderate-intensity statin (LMIS), the Indonesian 
government should include budget in the National Health 
Scheme to cover HIS treatment for ACS patients. Addition-
ally, budget impact analysis is warranted to guide budget 
allocation for using HIS for post-hospitalized ACS patients. 
Furthermore, implementing a clinical pathway, improving 
healthcare insurance coverage, and improving medical liter-
acy in both physicians and patients are all needed to support 
the use of statins at the recommended dosage among post-
hospitalized patients with ACS in Indonesia. A future study 
in Indonesia should be conducted to assess the economic 
value of employing HIS for primary prevention among high-
risk patients because it is not covered by current National 
Health Scheme.
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