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Background: [raPEN, a program developed in Iran based on the World
Health Organization (WHO) package of essential noncommunicable (PEN)
disease interventions for primary healthcare, was launched in 2015. Preventive
interventions for cardiovascular diseases (CVDs) are based on the level of risk
calculated using the WHO CVD risk chart.

Objective: The main objective of this study was to measure the potential
cost-effectiveness (CE) of IraPEN preventive actions for CVD in comparison with
the status quo.

Methods: A CE analysis from a healthcare perspective was conducted. Markov
models were employed for individuals with and without diabetes separately. Based
on the WHO CVD risk chart, four index cohorts were constructed as low (<10%),
moderate (10%—19%), high (20%—29%), and very high risk (>30%). Life years (LY)
gained and quality-adjusted life years (QALY) were used as the outcome measures.

Results: The intervention yields an incremental cost-effectiveness ratio (ICER)
of $804, $551, and —-$44 per QALY for moderate, high, and very high CVD risk
in groups without diabetes, respectively. These groups gained 0.69, 0.96, and
1.45 LY, respectively, from the intervention. The results demonstrated an ICER of
$§711, $630, —$42, and —$71 for low, moderate, high, and very high-risk groups
with diabetes, respectively, while they gained 0.46, 1.2, 2.04, and 2.29 years from
the intervention.

Conclusion: The IraPEN program was highly cost-effective for all CVD risk groups
in the individuals without diabetes except the low-risk group. The intervention
was cost-effective for all patients with diabetes regardless of their CVD risk. The
results demonstrated that the IraPEN program can likely provide substantial health
benefits to Iranian individuals and cost savings to the national healthcare provider.
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Background

Cardiovascular diseases (CVDs) are the leading cause of death
worldwide and people die from CVDs more than any other causes.
CVDs are considered a development issue as almost 75% of global
CVD deaths occur in low- and middle-income countries. However,
the majority of CVDs can be prevented by reducing the burden of
risk factors (1).

Iran with an 80 million population in 2016, as an upper-middle-
income developing country, has acquired many achievements in
the public health sector during the past three decades. A well-
balanced referral system within a broad PHC network, even in far
stretches of villages, could provide access to healthcare for 95%
of the community and control communicable diseases efficiently.
This accomplishment resulted in a life expectancy of more than
75 years for men and more than 77 years for women. At present,
the transition to chronic and noncommunicable diseases (NCDs)
including CVDs, cancer, and mental disorders is the main problem
in the health system. Based on the last report by the World Health
Organization (WHO), NCDs are estimated to account for almost
80% of total deaths in Iran, while almost half of them (43%) are
caused by CVDs. The comparison of Iranians’ CVD mortality rate
with other countries shows that not only it is substantially higher
than high-income countries but also it is much higher than the
countries in the region (2).

During the last two decades, many positive actions (e.g., public
education, opportunistic finding of diabetic and hypertensive cases
in network system, etc.) have been carried out to control NCDs
in the country. Despite major achievements, NCDs and their
subsequent burden have increased in the country (3).

In 2010, the WHO launched the package of essential
noncommunicable (PEN) disease intervention for primary care in
low-resource settings to deliver an adequate quality of care and,
consequently, reduce the burden of these diseases in developing
countries. WHO PEN has effective tools to facilitate early
diagnosis and management of CVD, chronic respiratory diseases,
diabetes, and cancer to prevent their upcoming morbidities and
premature mortalities (e.g., stroke, myocardial infarction, renal
failure, blindness, amputations, etc.) (4).

In 2015, IraPEN, an adaptation of WHO PEN, was launched as
a part of the national Healthcare Reform Plan in Iran. Providing
universal healthcare coverage and access to NCD prevention and
treatment for all were the main goals of this reform. The first phase
of the IraPEN program had been piloted in four cities, and the
results were promising. In 2018, the program was expanded to all
provinces of Iran. It was expected that at this phase, the program
would cover up to four million people, and then based on the
results, it would be expanded nationwide (4). Due to the IraPEN
project size and its impact on the national healthcare budget, it is
essential to make a detailed evaluation of these pilot enforcements
to pave the way for IraPEN national implementation. Therefore,
there is a need for an economic analysis that can estimate costs
and effects as well as an incremental cost-effectiveness ratio (ICER)
of the IraPEN program in comparison with the status quo (no
prevention). Therefore, the main objective of this analysis is to
measure the cost per life-year (LY) gained as well as the cost per
quality-adjusted life years (QALY) gained by the IraPEN program.
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Methods

This study evaluates the potential cost-effectiveness (CE) of
the IraPEN program in comparison to the status quo through
a health economic evaluation and the outcomes expressed in
terms of QALY and LY gained for each CVD risk group. The
target group of this analysis is all Iranian people aged older
than 40 years and the evaluated intervention is the same as
the recommended intervention of WHO PEN which is included
screening, monitoring, and medications.

Model structure

Two separate Markov decision models were developed to
compare the long-term costs and health benefits of the IraPEN
program (primary CVD prevention) with the status quo (no
prevention) in two distinct scenarios. In the base case scenario,
individuals without diabetes were included, while patients with
diabetes were included in the alternative scenario. Each Markov
model has four health states with transitions between the states
according to age, sex, and the CVD risk characteristics of
participants (Figure 1). In contrast to the usual Markov models,
which are structured based on cohorts with average profiles, we
decided to categorize the individuals based on their CVD risks.
As the intervention (treatment) varied according to CVD risk
level, it is logical to model them separately. In this way, we can
take into account their specific characteristics. Therefore, based
on WHO/ISH CVD risk prediction charts for EMR B, four index
cohorts were constructed (5). These hypothetical cohorts were used
as a representative for individuals with low, moderate, high, and
very high CVD risk profiles. The CVD risk state represents the
starting point for all people who are 40 years old. It was assumed
that people in this state may either remain in the same health state,
move to the stroke state, or CHD (coronary heart disease) state, or
die. As long as they are event-free, these individuals can stay in a
healthy state, but after the first event, they move to the CHD or
stroke state and stay there until their death.

In WHO/ISH CVD risk prediction charts, the CVD risk is
calculated based on individuals” age and risk factors such as blood
pressure, lipid profile, diabetes, and smoking status and categorized
into the following five groups: below 10% (low-risk group), between
10 and 19% (moderate-risk group), between 20 and 29% (high-
risk group), between 30 and 39%, and above 40% (very high-risk
group). As the individuals in the two latter groups are treated the
same, in the IraPEN program, whoever has a CVD risk above 30%
is categorized as the very high-risk group.

Therefore, considering what was mentioned earlier, all the
Iranians aged older than 40 years who did not have CHD or
stroke events before were eligible for this program. According to
the recent census (2016), 31.16% of Iranians were older than 40
years (6). By adding individuals aged older than 30 years with the
aforementioned risk factors, we can conclude that this program is
going to screen at least 25 million people yearly.

The healthcare perspective and a 40-year time horizon were
adopted for this analysis. As the analysis is a comparison between
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FIGURE 1

The structure of the Markov model used for the IraPEN analysis. CVD risk index cohort state, healthy individuals with different CVD risk; Stroke state,
alive individuals after the first stroke event; CHD state, alive individuals after the first CHD event; Death state, dead individuals.

TABLE 1 Index cohorts representing different CVD risk levels*.

High risk Very high risk

Without diabetes

Systolic blood pressure 120-139 mmHg 140-159 mmHg 160-179 mmHg >180 mmHg
Total cholesterol <195 mg/dl >310 mg/dl >310 mg/dl >310 mg/dl
HDL 40 mg/dl 46 mg/dl 46 mg/dl 41 mg/dl
Smoking No Yes Yes Yes

Sex Male Female Female Male
With diabetes

Systolic blood pressure 120-139 mmHg 140-159 mmHg 160-179 mmHg >180 mmHg
Total cholesterol <195 mg/dl >310 mg/dl <270 mg/dl <270 mg/dl
HDL 46 mg/dl 46 mg/dl 40 mg/dl 41 mg/dl
Smoking No No Yes Yes

Sex Female Female Male Male

*Green color: represents the low-risk group (individuals with CVD risk <10%). Yellow color: represents the moderate-risk group (individuals with CVD risk between 10 and 19%). Orange
color: represents the high-risk group (individuals with CVD risk between 20 and 29%). Red color: represents the very high-risk group (individuals with CVD risk more than 30%).

IraPEN (intervention) and status quo (no intervention) which both
have the same Markov structure and transition probabilities, it is
not expected that half cycle correction (HCC) approach makes any
difference in ICER results; therefore, HCC was not applied to this
analysis (7).

The hypothetical cohorts were used as a representative for
individuals with low, moderate, high, and very high CVD risk
profiles (Table 1). Progressively, a proportion of the cohort can go
to the CHD state, who are the survivors of the first CHD event, or
to the stroke state who are the survivors of the first stroke event.
Those CHD and stroke events that were fatal moved to the death
state. In general, the people in these two states are at a higher risk of
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dying from CHD or stroke, but they may die from any other causes
like the normal population. Table 2 summarizes the assumptions of
this analysis.

Data input

This analysis tried to use the Iranian data wherever available. In
case of a lack of local data, the inputs were derived from the global
literature. Therefore, all transition probabilities of the models were
extracted from available Iranian data, while medications’ effects and
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TABLE 2 Main elements of this economic evaluation (EE).

Comparators IraPEN intervention vs. status quo (no prevention)
Perspective Healthcare

Target group All Iranians older than 40 years old

Type of EE Cost-effectiveness analysis by adopting a Markov model

Considered costs All direct medical costs

Discount rate 3.5% for costs and effects

Sensitivity analysis | Determinstic and Probabilistic sensitivity analysis (DSA

and PSA)

CE threshold

GDP per capita of Iranian people—$4,091

states’ utilities were driven from the literature of Western countries
(refer to Supplementary material). No individual data have been
used for this analysis.

Transition probabilities

The annual incidence rate for CHD (8) and stroke was
calculated from the Framingham study equations (9). As four-
index cohorts had been defined with specific characteristics, there
was a need to calculate the risk based on those profiles. Based
on the literature, one out of four CHD events are fatal in the
first year (10), while 60% of them are pre-hospital deaths (11).
Therefore, it was assumed that of those who have a CHD event in
the model, 25% die in the first year. Approximately 60% of these
deaths were costless as they are pre-hospital deaths. Regarding first-
year stroke mortality, the range varies in different resources and
is reported from 22 to 34% (12). For this analysis, the rate was
applied from the largest available cohort (13). Almost 25% of stroke
events are fatal in the first year, while half of them occur during
the first 28 days. Therefore, it is assumed that although at the end
of the cycle, they move to the death state, 40% of the cycle cost
should be considered for them. The fatality rate for stroke and
CHD survivors was derived from a study that had been done on
the Iranian population (14). The background mortality rate from
all causes other than stroke and CHD is calculated by excluding
the total death attributed to these two diseases from the Iranian
life table’. The total mortality rate of these two events had been
calculated in Tehran Lipid and Glucose Study (TLGS). At first, the
annual rates were derived from the life table and then the CHD-
and stroke-attributed deaths were excluded.

Intervention effect

The IraPEN’s preventive actions are expected to reduce
cardiovascular events. The relative risks (RRs) of these preventive
actions and the medications that are used in the program were
obtained from meta-analyses or randomized clinical trials (RCTs).

1 https://www.who.int/data/gho/data/themes/topics/indicator-groups/
indicator-group-details/GHO/gho- ghe-global- health- estimates- life-

tables
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By multiplying or adding up the RRs of different medications,
there is a risk of effect overestimation, and a correction was
made by using the formula below wherever multiple interventions
were involved:

1— ((1— RR; x RR; x RRy) x 0.8).

This equation has been developed based on a study that
compared the effect of controlling the risk factors separately vs.
controlling all of them simultaneously (15).

Based on the field interviews, it was clear which medications
are used for each index cohort. Almost in all cases, angiotensin-
converting enzyme (ACE) inhibitors are the first choice for
hypertension treatment. Enalapril is the most prescribed one as
monotherapy. Thiazides (diuretics) are the second choice followed
by beta-blockers. In case the hypertension is not controlled by
monotherapy instead of increasing the dose, the second drug is
added. As recommended by guidelines, small doses of various
classes of antihypertensive medications are more useful than a high
dose of one (16). In general, the combination of ACE inhibitors
and thiazide is the most common one. This pattern is aligned with
Joint National Committee (JNC8) guidelines. Statins are prescribed
for hyperlipidemia treatment. Among statins, Atorvastatin is the
choice as it is one of the most potent ones. For diabetes, Metformin
is started and increased to the maximum dose (2g) and then
the second medication that is Glibenclamide is added. Due to its
potential harm and insufficient evidence of its efficacy, Aspirin
was not recommended for primary prevention by PEN protocols.
Therefore, Aspirin is not used in IraPEN as well. Here are the list of
medications and their daily dosages which are used in IraPEN:

e Atorvastatin 20 mg tablet for statin therapy (statin).

e Enalapril Maleate 20mg tablet is the first choice for
hypertension treatment (Ace inhibitor).

e Hydrochlorothiazide 50 mg tablet (diuretics second choice).

e Metoprolol tartrate 50 mg tablet (beta-blocker third choice).

e Metformin HCL 500mg tablet for diabetes (daily
consumption from 500 to 2 g).

e Glibenclamide 5 mg tablet is the second choice for diabetes.

The unit price of each of these medications was derived from
the Iranian Annual Pharma Statistics file. For the calculation
of the intervention’s effects, it is assumed that the adherence of
individuals to the treatment is 100%. Table 3 lists the RRs of
different interventions (medications) for CHD and stroke.

Costs

A healthcare perspective was adopted; therefore, we only
included costs associated with healthcare such as direct medical
costs (Table 4). The costs considered in the model are the cost
of IraPEN screening, the cost of IraPEN monitoring, the cost of
CHD survivors, and the cost of stroke survivors. It is assumed
that the cost of individuals who are event-free in the status quo
is zero as long as undiagnosed or untreated. These two facts
were considered for the status quo costs. Furthermore, it was
assumed that the cost of dying was equal to zero. According to
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PEN protocols, the needed resources for each index cohort were
identified. Then, the items were quantified based on discussions
with the physicians and supervisors of the visited centers. The cost

TABLE 3 Intervention effects based on the subclass of medications that
are used in IraPEN.

RR (©5%Cl) |

10.3389/fpubh.2023.1075277

of index cohorts consists of two different types. First, variable costs
are different for each group based on the characteristics of each.
Second, fixed cost is the same for all and consists of staff training,
administration, IT, promotional stuff, and leaflets. The unit price
of each item was derived from the last report of the Ministry of
health (23). The report estimated all the costs related to IraPEN
implementation except the medications. In addition, the reported
costs were adjusted by the 2018 inflation rate and the cost of each

Angiotensin-converting enzyme inhibitor (17) cohort was calculated.
The cost of CHD state and stroke state was derived from an
RR CHD 0.81 (0.70-0.94) Iranian CE that had estimated the cost of these two states (24).
Stroke 0.65 (0.52-0.82) These two costs contain all the related medical costs such as hospital
Thiazide diuretics (18) admissions and procedures, monitoring, follow-ups, medications,
and secondary prevention (Table 5). Based on experts’ opinions, it
RR CHD 0.84 (0.75-0.95) . .
is assumed that the cost of CHD after the first year would be a third
Stroke 0.63 (0.57-0.71) and the cost of stroke state after the first year would be a quarter.
Beta-blockers (19) In addition, it is assumed that the standard error of costs for the
consecutive year is 10% of the mean.
RR CHD 0.90 (0.78-1.03)
Stroke 0.83 (0.72-0.97)
Statin (20) Utilities
RR CHD 0.86 (0.82-0.90)
Stroke 0.90 (0.85-0.95) As all people who enter the model are healthy individuals,
: the utility for the first health state is considered 1. For the death
e (=) health state utility, it was adopted the standard approach by setting
RR CHD 0.67 (0.51-0.89) the utility to zero. CHD and stroke state utilities were derived
Stroke 0.80 (0.50-1.27)
TABLE 5 Annual cost of CHD and stroke states.
Sulfonylureas
RR CHD 0.85 (0.74-0.97) ‘ Mean SE ‘
Stroke 0.91 (0.73-1.13) CHD cost for the first year $519 $51
Lifestyle counseling (22) CHD cost for consecutive years $173 $17
RR CHD 0.86 (0.81-0.91) Stroke cost for the first year $5,691 $569
Stroke 0.86 (0.81-0.91) Stroke cost for consecutive years $1,422 $142

TABLE 4 Annual cost of each index cohort with diabetes.

Behvarz’s visit (Screening) 108,173 324,519 432,692 432,692
Physician visit - 216,346 288,462 432,692
Lab data (included in screening) - - -
Nutrition consultation 38,400 38,400 38,400 38,400
Psychiatrist consultation - - 38,400 38,400
Anti-hypertensive medication - One agent Two agents Three agents
Statin Therapy - + + +
Fixed costs 19,231 19,231 19,231 19,231
Cost of each group in 2017 (IRR) 165,804 598,496 817,185 961,416
The inflation rate was applied to the costs (IRR) 216,540 781,636 1,067,243 1,255,609
Cost of each index cohort without medication $5.16 $18.61 $25.41 $29.90
Cost of medication of each index cohort $16 $38.85 $48.27 $55.39
Cost of each index cohort for the model $21.63 $57.46 $73.68 ﬁ

Exchange rate: 42,000 IRR = 1 US dollar. Bold indicates total cost of each index cohort for the model.
Green color: represents the low-risk group (individuals with CVD risk less than 10%); Yellow color: represents the moderate-risk group (individuals with CVD risk between 10% to 19%);
Orange color: represents the high-risk group (individuals with CVD risk between 20% to 29%); Red color: represents the very high-risk group (individuals with CVD risk more than 30%).
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TABLE 6 Utility weights for CHD and stroke states.

10.3389/fpubh.2023.1075277

TABLE 7 Base-case results for CVD risk groups without diabetes.

Utility mean SE COST QALY LY ICER
Utility of CHD survivors—first year 0.67 0.024 Status quo $845 18.12 32.27
Utility of stroke survivors—first year 0.33 0.033 IraPEN $918 18.12 32.27 Undefined
Utility of CHD survivors—second year onwards 0.82 0.012 Incremental $73 0 0 Low-risk
Utility of stoke survivors—second year onwards 0.52 0.027 Status quo $979 17.89 32.37
IraPEN $1,375 18.38 33.06 $804 @
Incremental $396 0.49 0.69 Intermediate-risk
from the published literature. In the models after the first event,
. . . Status quo $1,204 17.68 32.13
patients move to these states and stay there until they die. Although q
they remain in the same states (CHD or stroke), their utilities are [raPEN $1,594 18.38 33.09 $551 ¢
different over time. From a medical view, acute post-event utilities Incremental $391 071 0.96 High-risk
are (much)lower than chronic post-event utilities. Therefore, it was 62348 1583 203
essential to use the data from the study which assessed the acute ' . :
and chronic utilities with the same participants at an appropriate $2,296 17.02 30.75 _
time. For this purpose, the utilities were derived from the study -$52 1.19 1.45 ‘ Very high-risk

which assessed the utilities within the first year and consecutive
years (13). Table 6 shows the utilities used for the model. All the
costs and effects were discounted at the rate of 3.5%.

Sensitivity analysis

To quantify the level of confidence in the models’ results,
a deterministic sensitivity analysis (DSA) and a probabilistic
sensitivity analysis (PSA) were performed. In the DSA, the input
parameters were varied to the maximum and minimum possible
values. This range is usually defined by the confidence interval of
parameters. Therefore, for the examined parameters, a range of
95% confidence interval was specified and then based on this range
(maximum and minimum input values), one value in the model was
varied manually each time. For the patients’ adherence, the range of
50%—100% was considered. The results (new ICERs) were collected
and expressed with tornado diagrams. The tornado diagrams depict
the impact on the ICER whenever one single parameter changed.

For the PSA, as the main assumption, it was considered
the deterministic input values in the parameter sheet as the
mean values. As the standard errors of the cost items were
not available, it was considered to mean value times by 0.1.
Based on logical constraints, the probabilistic distribution for each
of the different sources of uncertainty was defined. A gamma
distribution for all cost items and a beta distribution for the utilities
were defined. The PSA was conducted by drawing a random
number for each of the input distributions and each time, the
ICER was calculated by Excel. By running a macro, its action is
repeated 1,000 times.

Results

For the interpretation of the results, 1 GDP per capita was
assumed as the CE threshold, which is equal to $4,091 (25). In
Table 7, the results of the “CVD risk model without diabetes” are
reported. The IraPEN intervention for individuals having moderate
CVD risk yields an ICER of $804 per QALY, while for high-risk
groups, this intervention provides an ICER of $551 per QALY.

Frontiersin Public Health

CE threshold = $4,091, & = male, ¢ = female.

Green color: represents the low-risk group (individuals with CVD risk less than 10%); Yellow
color: represents the moderate-risk group (individuals with CVD risk between 10% to 19%);
Orange color: represents the high-risk group (individuals with CVD risk between 20% to
29%); Red color: represents the very high-risk group (individuals with CVD risk more
than 30%).

TABLE 8 Base-case results for CVD risk groups with diabetes.

COST QALY LY ICER

Status quo $647 18.59 33.36 Low risk
IraPEN $866 18.9 33.82 $711 ¢
Incremental $219 0.31 0.46
Status quo $1,027 17.75 32.17 Moderate
IraPEN $1,560 18.59 33.37 $630 @
Incremental $533 0.85 1.2
Status quo $2,429 15.91 29.46 High
IraPEN $2,361 17.53 31.5 -$42 &
Incremental -$68 1.61 2.04

$2,810 15.31 28.74 Very high

$2,678 17.18 31.03 _

-$133 1.87 2.29 ‘

CE threshold = $4,091, & = male, ¢ = female.

Green color: represents the low-risk group (individuals with CVD risk less than 10%); Yellow
color: represents the moderate-risk group (individuals with CVD risk between 10% to 19%);
Orange color: represents the high-risk group (individuals with CVD risk between 20% to
29%); Red color: represents the very high-risk group (individuals with CVD risk more
than 30%).

The results showed that this intervention would be cost-saving
and improve health if the IraPEN program targets only individuals
with a CVD risk higher than 30%. The model yields the ICER
of —-$44 per QALY for this group. Moreover, the model results
showed that individuals with higher CVD risks gained higher LY
out of the intervention. The moderate, high, and very high CVD
risk groups gained 0.69, 0.96, and 1.45 LY, respectively, from the
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One-way sensitivity analysis of modeled cost—effectiveness of CVD risk-based prevention for very high-risk without diabetes group.
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intervention. Table 8 shows the model results for the “CVD risk
model with diabetes”.

Here, the results demonstrate that the intervention would
be cost-saving while improving health if target individuals with
CVD risk comprise higher than 20%. The intervention yields an
ICER of -$42 per QALY for the high-risk group and an ICER
of -$71 per QALY for the very high-risk group. Similar to the
previous model, individuals with higher risks gain more LY from
the intervention.

The one-way sensitivity analysis reveals that the patients’
adherence, the treatment effectiveness, and the total cost of the
IraPEN program have the most impact on the ICER. The influence
of patients’ adherence is more noticeable in the higher CVD
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risk groups, while the results are more sensitive to treatment
effectiveness in the lower risk groups (Figures 2, 3).

In the scenario analysis of 50% adherence, an ICER of $1,451,
$1,141, and $329 was achieved for moderate, high, and very high
CVD risk in groups without diabetes, respectively. In this scenario,
the intervention yields an ICER of $1,029, $1,022, $236, and
$199 for low, moderate, high, and very high CVD risk groups
with diabetes, respectively. It was found that the ICERs are lower
than the threshold at both the upper and lower limits of all
examined parameters.

The result of 1,000 PSAs illustrates that the intervention for
all groups, except the low CVD risk group without diabetes, is
cost-effective while being cost-saving for at least half of high-risk
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FIGURE 4

Probabilistic sensitivity analysis of the Markov model without
diabetes. Yellow color: represents the moderate-risk group
(individuals with CVD risk between 10 and 19%). Orange color:
represents the high-risk group (individuals with CVD risk between 20
and 29%). Red color: represents the very high-risk group (individuals
with CVD risk more than 30%).
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FIGURE 5

Probabilistic sensitivity analysis of the Markov model with diabetes.
Green color: represents the low-risk group (individuals with CVD
risk <10%). Yellow color: represents the moderate-risk group
(individuals with CVD risk between 10 and 19%). Orange color:
represents the high-risk group (individuals with CVD risk between 20
and 29%). Red color: represents the very high-risk group (individuals
with CVD risk more than 30%).

and very high-risk patients (Figures 4, 5). By adopting 1 GDP per
capita of Iran as the willingness to pay per quality-adjusted life-year
(WTP/QALY) gained, 100% of all the runs were cost-effective in
these groups.

Both models captured that men would be benefited more
than women in terms of LY gained. In addition, the intervention
generates a lower ICER for men than women in individuals
with identical characteristics. For example, in the low CVD risk
group with diabetes, the interventions yield an ICER of $239
per QALY for men, while it is $711 per QALY for women.
Regarding the LY in this group, in equal circumstances, men
saved 0.58 of a year and women saved 0.46 of a year. In higher
risk groups, this difference is more prominent. For example,
for very high-risk groups, regardless of their diabetes status,
the intervention for men is cost-saving, while for women it is
not (Tables 9, 10).
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TABLE 9 Heterogeneity base-case results for very high CVD risk group
with diabetes.

COST QA LY ICER

$2,810 1531 28.74 e ‘

$2,678 17.18 31.03 d -‘
-$133 1.87 2.29 d ‘

$2,133 16.17 30.18 Q ‘

$2,393 17.9 32.42 Q -‘
260 1.73 2.24 Q ‘

CE threshold = $4,091, & = male, ¢ = female.
Red color: represents the very high-risk group (individuals with CVD risk more than 30%).

TABLE 10 Heterogeneity base-case results for very high CVD risk group
without diabetes.

COST QALY LY

$2,348

. - |
_ -$52 1.19 1.45 J ‘
_ $1,522 17.19 31.46 Q ‘
_ 390 0.93 1.25 Q ‘

CE threshold = $4,091, & = male, ¢ = female.
Red color: represents the very high-risk group (individuals with CVD risk more than 30%).

Discussion

This analysis aimed to measure the potential CE of IraPEN
preventive actions for CVD in comparison with the status
quo. Our results illustrated that this intervention is not cost-
effective for the low CVD risk group, whereas the other groups
under study proved to be highly cost-effective. The reason
why this group was not cost-effective could be justified by
the fact that the low CVD risk group has lower CVD risk
factors, which is why such individuals are just screened without
being intervened.

In this study, we adopted the CE threshold, i.e., 1-3 GDP per
capita, as proposed by WHO (26). The study of the literature shows
that by using this threshold, almost all interventions seem to be
cost-effective (27). It means that by adopting this CE threshold,
there is a risk that the budgets are spent on interventions that
should not and vice versa. The threshold which is recommended by
WHO has received some criticism as it is believed that it does not
reflect the true “opportunity cost.” This is more critical in low- to
middle-income countries, because while they have a higher demand
for health, in comparison with high-income countries, fewer
resources are available to them. In 2016, Woods et al. (28) calculated
the CE threshold based on the empirical estimates of opportunity
cost, the relationship between a country’s GDP per capita, and
the value of statistical life. For that reason, they estimated the
threshold for different countries with different levels of income.
Based on their estimation, Woods et al. suggested the CE threshold
to be about 50% of GDP per capita. As appointing the precise CE
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threshold level is beyond the scope of our analysis, we interpret
and discuss the results with the lowest recommended ICER and
leave the decision to policymakers to choose an intervention that
best fits their budget. The latest reported GDP per capita of Iran
is $4,091. By comparing the results with this threshold, it is shown
that all of them, except the low CVD risk group, are highly cost-
effective, whereas if the program only targets the people in higher
risk groups, it is both cost-saving and improves their health.

Based on the results, the intervention for the low-risk group
was not cost-effective as the ICER was undefined. This could be
explained by the fact that in this group, just screening is done
without offering any intervention. So here, there is a cost for
screening without any tangible effect assigned. Since this group
does not receive any treatment annually, it is, by all means, sensible
that no effects are observed. While it seems to be justifiable, we have
every reason to believe that this is the only way to find the groups
with a higher CVD risk. Another point that should be mentioned is
that the individuals enter and are screened in our model at the age
of 40 years. At this age, the proportion of individuals with low CVD
risk is significantly higher than that of those with higher CVD risk.
The older a person becomes, the more the probability of being in
the higher-risk groups will be.

However, the fact that the intervention for the aforementioned
group is not cost-effective needs to be approached more
comprehensively and conservatively. Screening of this group is the
first step and essential for all individuals in the other groups that
cannot be disregarded. This means that the other groups can benefit
from this, a fact that has not been considered in the analysis of the
CE of this group in this study.

From another perspective, a closer observation reveals that
screening has a wide range of benefits. For instance, according
to the latest national data (29), the prevalence of people with
diabetes in Iran is 11.4%, a quarter of whom are undiagnosed
(30). This means that at the moment, there are almost 1.5 Iranian
people with undiagnosed diabetes. These undiagnosed individuals
are discovered only when their complications have started to appear
in them. Such complications as retinopathy, nephropathy, and
neuropathy are very costly and can impose burdensome pressures
on the healthcare system of the country. Other typical examples of
this kind are blood hypertension and hyperlipidemia.

It is predicted that huge monetary resources should be allocated
to the overall screening of all the individuals, which may not be
conveniently supplied. Therefore, appropriate measures could be
taken by the authorities to have the costs tailored. This can help
manage the financial resources and distribute them as optimally
as possible. If the available financial resources do not allow us
to screen everyone, it is possible to screen all high-risk people.
Although this may not sound optimal, still it has a lot of benefits
to offer. In other words, when considered at a higher scale, it
can be realized that since the proportion of high CVD risk group
individuals outweighs those with lower risks, this may lead to much
more favorable results.

It is applicable to have a paper pre-screening. The idea is that
alternatively, paper questionnaires can be distributed among both
households and health center visitors. These questionnaires aim to
detect individuals with higher CVD risks. Typical examples might
be those who are obese or have a positive history of CVDs in
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their intimidate relatives. Once identified, such participants can be
invited to health centers to get screened. In this way, we can narrow
the target population and screen those who are at higher risk levels.

The study of the literature suggested some good examples
of this kind of practice. For example, Chamnan et al. (31), who
conducted a modeling study using the data from a prospective
cohort study (EPIC-Norfolk), concluded that adopting a stepwise
screening approach can prevent the same number of CVD events
annually. All the participants of the EPIC-Norfolk study had
completed the questionnaire about their lifestyle and drug use and
family history of diseases between 1993 and 1997. This population
had been observed and followed for 10 years and all CVD events
had been recorded. By adopting the Cambridge risk score (a
British risk scoring tool) and based on the results of completed
questionnaires, the Chamnan group ranked the population CVD
risk. Then, they defined and modeled seven different stepwise
screening strategies. By comparing the results of a 10-year follow-
up of the population with their model, they found that inviting
the individuals with a Cambridge risk score >60 might have had
the same results as screening the population. According to their
report, this strategy could have enabled them to have the same
results about the whole population by screening only 60% of the
population. Similar results were observed by Méczar and Rurik
(32) who concluded that performing screening for a selected target
group is most likely to be more cost-effective than screening the
whole population. It is essential to consider that although this
approach is practical and likely more cost-effective in budget-
strained situations, it has some serious ethical issues regarding
equity because in this approach, a smoker would get screened and
a non-smoker would not. The same is true for a person who has
an unhealthy diet or lifestyle. Moreover, while it is conveniently
applicable to rural areas, it is not easy to do in urban areas.

Since our literature search revealed no similar studies either
in the WHO East Mediterranean region (EMR) or in the Middle
East region, inevitably, we compared the results of our analysis
with the European studies. Our findings in this analysis, in terms
of CE and the trend between the different CVD risks, are similar
to the results of Schuetz et al.’s (33) study. The researchers of this
study estimated the CE of several different preventive strategies
compared with a control scenario in six European countries. By
using country-specific data from France, Germany, Denmark, Italy,
Poland, and the United Kingdom, they generated six simulated
populations of people aged 40-75 years eligible for preventive
actions in those countries. Their model showed that the cost
per QALY of offering these preventive services to the people in
the study cohort ranged from €14,903 for France to €115 for
Germany, while it was cost-saving for Poland. Their results showed
that the health checks for detecting and managing CVDs at the
early stages not only are highly cost-effective but also cost-saving
in some scenarios. For example, their analysis for the UK showed
that during the 30-year follow-up, the cost per QALY would be
€2,426. This ICER in comparison with the UK threshold, which
is between 20 and 30 thousand pounds, is highly cost-effective.
Moreover, their results demonstrated that the program would be
cost-saving if it targets only the top quartile of CVD risk groups.
Furthermore, offering prevention checks after the pre-screening of
individuals based on some characteristics such as higher age or
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obesity would pull the results in the direction of more favorable
ICER (33).

Finally, while this screening program can have substantial
benefits for individuals with CVD risk, it is essential to consider
the potential disutility of lifelong preventive treatments. The search
of the literature indicates that the disutility of medications’ adverse
events (34) and the disutility arising from taking daily medication
(35) can play a key role in the decision that leads to non-adherence.
It is vital to take into account that some individuals need to be
on preventive treatments from their 40s for around 30-40 years.
Although the sensitivity analysis demonstrated that this program
can likely be cost-effective even with 50% of adherence, it is crucial
to enhance treatment compliance through patient education and
take effective strategies to increase the engagement of target groups.

Strengths and limitations

Based on our literature search, this analysis is the first
CVD risk-based CE to be conducted in Iran, in the Middle
East, and the WHO EMR so far. Furthermore, it is one of
the few studies which model the individual with and without
diabetes separately.

Similar to every CE analysis, this study has several limitations
which were mainly caused by a large number of input parameters
used in the model. Although the model was designed for the Iranian
population, some input parameters were derived from various
studies performed in different countries other than Iran directly
because of the unavailability or a lack of Iranian data. Furthermore,
it was assumed that the intervention effect is equal for all subgroups
regardless of their initial CVD risk. Such an assumption can
probably generate an underestimation of the intervention effect for
high-risk groups and produce an overestimation of the treatment
effect for lower CVD risk groups.

In this analysis, the second event of CVDs was not accounted
for due to a lack of data. Based on the literature, almost 50%
of patients would experience the second or third event during
their life once they have had the first event (36). The second
event may not necessarily be the same as the first one. For
example, a patient who has had a CHD event could have the
same event again or can even experience a stroke event. This
cannot affect the result of our analysis unfavorably. As the IraPEN
intervention causes the first CVD event to decrease or delay, it
is logical to assume that the second event in the IraPEN group
is lower than the status quo. Therefore, we could assume that
adding the second CVD event to our model would be in favor of
our ICER.

It could be better if we could adopt a lifetime horizon for
this analysis. However, as the Iranian statistical data were just
available for people aged below 80 years, inevitably 40 years/cycles
were employed. The results of Kim et al.’s (37) systematic review,
which was done on more than 750 CE analyses, showed that
the usage of a lifetime horizon captures all consequences and
health benefits most of the time and yields more favorable
ICER. Therefore, it is logical to assume that by increasing the
time horizon from 40 years to a lifetime, the ICER would be
more favorable.
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Finally, it should be expected that the effectiveness of the
intervention would be lower in the real world than in the model. It
could be explained by the fact that the intervention effects, which
were used in this study, all had been derived/extracted from a
controlled trial setting.

Conclusion

In Iran, CVDs are the leading cause of mortality. Therefore,
planning and implementing preventive actions are highly
demanded. Our that  the
IraPEN  program cost-effective

demonstrated
highly
for all the CVD risk groups, except the low risk without

analysis  results

implementation is
diabetes group, whereas if the program only targets the people
in higher risk groups, it is both cost-saving and improves
their health.
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