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The impact of addressing modifiable risk factors to reduce
the burden of cardiovascular disease in Turkey

Türkiye’de kardiyovasküler hastalık yükünü azaltmada
değiştirilebilir risk faktörlerine yönelmenin etkisi
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Objective: Our study aimed to estimate the impact of ad-
dressing modifiable risk factors on the future burden of car-
diovascular diseases (CVD) in the general population and in 
two high-risk populations (heterozygous familial hypercholes-
terolemia and secondary prevention) for Turkey.
Methods: One model investigated the impact of reaching 
the World Health Organization (WHO) voluntary targets for 
tobacco use, hypertension, type 2 diabetes, obesity and phys-
ical inactivity in the general population. Another model esti-
mated the impact of reducing LDL-cholesterol in two high-risk 
populations through increased access to effective treatment. 
Inputs for the models include disease and risk factor preva-
lence rates, a population forecast, baseline CVD event rates, 
and treatment effectiveness, primarily derived from the pub-
lished literature. Direct costs to the public health care system 
and indirect costs from lost production are included, although 
the cost of programs and pharmacological interventions to re-
duce risk factors were not considered.
Results: The value of reaching WHO risk factor reduction 
targets is estimated at US$9.3 billion over the next 20 years, 
while the value of reducing LDL-cholesterol is estimated at up 
to US$8.1 billion for high-risk secondary prevention patients 
and US$691 million for heterozygous familial hypercholes-
terolemia patients.
Conclusion: Efforts to achieve WHO risk factor targets and 
further lower LDL-cholesterol through increased access to 
treatment for high-risk patients are projected to greatly reduce 
the growing clinical and economic burden of CVD in Turkey.

Amaç: Çalışmamız, değiştirilebilir risk faktörlerinin, genel 
popülasyonda ve Türkiye için iki yüksek riskli popülasyonda 
(heterozigot ailesel hiperkolesterolemi ve sekonder önleme) 
gelecekteki kardiyovasküler hastalık yükü üzerindeki etkisini 
öngörmeyi amaçlamaktadır.
Yöntemler: Bir model, Dünya Sağlık Örgütü’nün (DSÖ) tü-
tün kullanımı, hipertansiyon, tip 2 diyabet, obezite ve fiziksel 
hareketsizlik için genel popülasyondaki gönüllü hedeflere 
ulaşmasının etkisini araştırdı. Başka bir model, etkili tedaviye 
daha fazla erişim sağlayarak iki yüksek riskli popülasyonda 
LDL-kolesterolü azaltmanın etkisini tahmin etti. Modeller için 
girdiler, hastalık ve risk faktörü yaygınlık oranlarını, gelecek-
teki nüfus tahminini, bazal kardiyovasküler hastalık olay oran-
larını ve yayınlanmış literatürden elde edilen tedavi etkinliğini 
içerir. Kamu sağlık bakım sistemine doğrudan maliyetler ve 
kayıp üretimden dolaylı oluşan dolaylı maliyetler dahil olmakla 
birlikte, risk faktörlerini azaltmak için programların maliyeti ve 
farmakolojik girişimler dikkate alınmamıştır.
Bulgular: DSÖ’nün risk faktörü azaltma hedeflerine ulaş-
ma maliyetinin önümüzdeki 20 yılda 9,3 milyar ABD doları, 
yüksek riskli sekonder önleme hastaları için LDL-kolesterolü 
azaltma maliyetinin 8,1 milyar ABD doları ve heterozigoz ai-
lesel hiperkolesterolemi hastaları için 691 milyon ABD doları 
olduğu tahmin edilmektedir.
Sonuç: DSÖ risk faktörü hedeflerine ulaşma ve yüksek riskli 
hastalar için tedaviye erişim yoluyla LDL-kolesterolü daha da 
düşürme çabalarının, Türkiye’de artan KVH klinik ve ekono-
mik yükünü büyük ölçüde azaltacağı tahmin edilmektedir.
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Cardiovascular dis-
eases (CVD) ac-

count for a significant 
proportion of mor-
bidity, mortality, and 
disability worldwide. 
In 2012, CVD was 
responsible for a third 
of all deaths, and by 
2030 this proportion 
is projected to increase 
and greatly surpass the 
global burden of infectious diseases, nutritional disor-
ders and maternal conditions combined.[1]

The burden of CVD is particularly significant in 
low- and middle-income countries. According to the 
World Health Organization (WHO), approximately 
75% of CVD deaths occur in developing countries.
[1] In Turkey, an upper-middle income country, non-
communicable diseases represent an estimated 86% 
of total deaths, while communicable diseases and 
injuries account for the other 14%.[2] Over the past 
two decades, numerous prediction models have been 
developed, which mathematically combine multiple 
predictors to estimate the risk of developing CVD—
for example, the Framingham, SCORE, REACH, 
QRISK and models developed by the Conference 
Board of Canada.[3–9]

In our linked study: Modelling the Burden of 
Cardiovascular Disease in Turkey, we estimated the 
current and future burden of CVD (defined as is-
chemic heart disease [IHD] or cerebrovascular dis-
ease [CeVD]) in Turkey, and found that 3.4 million 
adults were living with CVD in 2016, and that this is 
estimated to increase by nearly 60% to 5.4 million by 
2035.[3] In the same study, we estimated the economic 
burden of CVD, including direct health care costs and 
indirect costs from lost productivity, at US$10.2 bil-
lion in 2016, projected to increase twofold to US$19.4 
billion by 2035.[3]

Several modifiable risk factors contribute to CVD 
prevalence and mortality. These include dyslipidemia, 
hypertension, diabetes, tobacco use, unhealthy diet, 
obesity, and physical inactivity, and high rates have 
been reported in the Turkish population.[10–13] Other 
factors, such as Turkey’s increased life expectancy 
and aging population, have also contributed to the 
growing burden of CVD in the country. 

To help reduce the burden of CVD, the WHO es-
tablished the “Global Action Plan for the Prevention 
and Control of NCDs [noncommunicable diseases] 
2013–2020.”[14] The Plan’s primary target is a reduc-
tion in the number of premature deaths from NCDs, 
including CVDs, of 25% by the year 2025. The global 
action plan also identifies eight targets for achieving 
this goal, five of which are directly related to CVD 
and include: 

•	 10% reduction in physical inactivity; 

•	 30% reduction in tobacco use; 

•	 25% reduction in hypertension; and

•	 0% increase in diabetes and obesity.

In addition, raised total cholesterol is a major 
cause of disease burden in both the developed and de-
veloping world as a risk factor for IHD and stroke. In 
the INTERHEART study, dyslipidemia was identified 
as having the greatest population attributable risk for 
the occurrence of acute myocardial infarction world-
wide.[15]

Some groups are known as being at particularly high 
risk for IHD and need early detection, counseling, and 
access to effective treatments. For example, high-risk 
patients include individuals with clinical atheroscle-
rotic disease who have suffered a previous event, com-
monly called secondary prevention patients. Individu-
als with familial hypercholesterolemia (FH), which is a 
common genetic cause of premature IHD that exposes 
them to significantly high LDL-cholesterol (LDL-C) 
levels at an early age, are also at increased risk.

Statins are currently the treatment of choice for 
dyslipidemia, but studies have shown that a large pro-
portion of high-risk patients are not reaching conven-
tional LDL-C goals (eg, ≤2.6 mmol/L) with standard 
therapy.[16,17] A novel lipid-lowering treatment ap-
proach, the inhibition of pro-protein convertase subtil-
isin–kexin type 9 (PCSK9), was recently approved for 
use in some countries (as an adjunct to diet and max-
imally-tolerated statins ± ezetimibe) for the treatment 
of dyslipidemia in high-risk patients. A recent study 
conducted in the United States quantified the 20-year 
cumulative value of treating high-risk patients with 
PCSK9 antibody inhibitors at between US3.4 trillion 
and US$5.1 trillion.[18]

In the context of a high burden of chronic dis-
eases, growing health expenditure and high preva-
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lence of risk factors, policymakers and stakeholders 
need reliable information on the impact of strategies 
to reduce the burden of CVD over time. The current 
study fills this gap in Turkey by estimating the health 
and economic impact of addressing modifiable risk 
factors and increasing access to effective lipid-low-
ering treatment for high-risk populations. This study 
is the second of two linked studies, the first of which 
estimated the overall prevalence, mortality, and eco-
nomic burden of CVD in Turkey.[3]

METHODS

The second study had two objectives: first, we sought 
to quantify the impact of reducing modifiable risk fac-
tors in the general Turkish population in accordance 
with WHO targets. Second, we sought to project the 
value of reducing LDL-C in two high-risk populations 
through increased access to evolocumab, one of two 
PCSK9 antibody inhibitor treatment options. For each 
model, a base case scenario and an alternative sce-
nario were developed, and the difference between the 
two scenarios represents the incremental health and 
economic impact of reducing the relevant risk factors.

WHO risk factor reduction model

This model leverages two projections of the preva-
lence and economic burden of CVD in Turkey: 1) the 
base case scenario, detailed in our linked study;[3] and 
2) the risk factor reduction scenario explained below. 
The cost of programs or interventions to reduce risk 
factors was not considered in our analysis.

The risk factor reduction scenario is based on 
WHO targets aimed at reducing premature mortality 
from noncommunicable diseases by 25% by 2025 
(Table 1).[14] In this scenario, the prevalence rate of 
five modifiable risk factors was modeled to reach 
the WHO targets by 2025. The lower or maintained 
prevalence rates were then assumed to remain con-
stant from 2026 to 2035.

LDL-C reduction in high-risk populations model

This model leverages two projections of the preva-
lence and economic burden of CVD: 1) the base case 

scenario, and 2) the LDL-C reduction scenario ex-
plained below. The cost of evolocumab was not con-
sidered in our analysis.

Forecasting high-risk populations

Secondary prevention patients and heterozygous fa-
milial hypercholesterolemia (HeFH) patients that 
could achieve target cholesterol levels with standard 
treatment were included in our analysis. We projected 
high-risk population estimates by applying the preva-
lence rates detailed below to Turkey population pro-
jections from the World Bank DataBank.[19]

Secondary prevention

According to results from the Turkey chronic disease 
and risk factor study, around 4.4% of Turkish adults 
have a history of either myocardial infarction, stroke 
or unstable angina.[10,20] Further, a Delphi panel of 13 
experts in Turkey was used to classify the proportion 
of secondary prevention patients according to treat-
ment status and LDL-C levels.[21] Results from the 
panel showed that an estimated 63% of treated sec-
ondary prevention patients in Turkey do not reach 
LDL-C target levels of ≤2.6 mmol/L, which is also 
consistent with results from the EUROASPIRE-IV 
study.[22]

Heterozygous Familial Hypercholesterolemia Due 
to uncertainty regarding the true prevalence of HeFH 
in Turkey, the current study applied a sensitivity anal-
ysis of HeFH global prevalence estimates ranging 
from 0.2% to 0.5% of the adult population aged 20 
years and older,[23] although we mostly present results 
for the 0.5% scenario. Further, the Delphi panel of 
experts in Turkey has estimated that 78% of HeFH 
patients treated with standard lipid-lowering therapy 
do not achieve LDL-C levels ≤2.6 mmol/L,[21] which 
is consistent with a study from Béliard et al.[24] pub-
lished on the topic.

Evolocumab

Treatment effectiveness

For high-risk individuals with uncontrolled LDL-C 
levels despite lipid-lowering therapy use, evolocumab, 

Table 1. World Health Organization noncommunicable diseases risk factor reduction targets

	 Diabetes	 Obesity	 Hypertension	 Tobacco use	 Physical inactivity

Target	 0% increase	 0% increase	 25% reduction	 30% reduction	 10% reduction
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rumu [SGK]) was calculated from a sample dataset of 
2,728 admitted cases (ICD I20–I25) to The University 
of Health Sciences Türkiye Yüksek İhtisas Hospital 
between January and March 2016.[34] The average di-
rect cost of hospitalized cases of CeVD was obtained 
from the literature.[35] An adjustment was applied to 
account for disease maintenance costs for non-fa-
tal events, as per cost ratios presented by Hermus et 
al.,[36] and as described in our linked study. The aver-
age cost per case was converted from Turkish Lira to 
United States dollars (US$) using the Organisation for 
Economic Co-Operation and Development (OECD) 
purchasing power parity (PPP) adjusted exchange 
rate for 2014 of 1.163. In 2016, the direct cost per 
case was estimated at $3,399 for non-fatal events and 
$2,667 for fatal events. Based on expert opinion, in-
flation rates were not applied to the cost per case over 
the forecast period since the cost of health care ser-
vices has remained stable in the last decade in Turkey, 
and is not expected to increase in the near future.

Indirect costs

Indirect costs in economic analyses are typically cal-
culated as the value of foregone income lost due to 
disease. These costs can arise for several reasons, and 
in our model, they include costs from premature mor-
tality, early retirement, and hospitalizations. To calcu-
late the foregone earnings from CVD over patients’ 
lifetime, the human capital approach was used, and 
leveraged existing data and estimates from the litera-
ture (see details at Appendix). 

RESULTS

Impact of reaching WHO risk factor reduction 
targets

The population targeted by the WHO risk factor reduc-
tion scenario targets includes individuals with at least 
one of the modifiable risk factor of interest. In Turkey, 
this population is estimated based on the prevalence 
rate of risk factors in the adult population: physical 
inactivity (15.3 million), hypertension (15.6 million), 
obesity (13.1 million), smoking (14.3 million), type 
2 diabetes (6.3 million). Based on our forecasts, the 
number of individuals with risk factors is projected to 
increase between 15%–18% by 2025, and 31%–37% 
by 2035, depending on the risk factor. For example, the 
number of individuals with hypertension is forecast to 
increase to 18.1 million by 2025 and 20.9 million by 

a novel PCSK9 antibody inhibitor treatment option, 
has been found to further reduce LDL-C levels by 
71% in secondary prevention patients[25] and 61% in 
HeFH patients[26] (see details at Appendix A).

CVD event rates

Baseline event rates were calculated using prediction 
engines for primary (Framingham)[27] and secondary 
(Reduction of Atherothrombosis for Continued Health 
[REACH])[28] CVD events. Baseline rates were then 
calibrated to our study populations. For secondary 
prevention patients, risk equations from the REACH 
registry were calibrated by a factor of 3.4, based on an 
analysis of real-world UK data by Taylor et al.[29] For 
HeFH patients, baseline rates were calibrated using 
a rate ratio of 7.1 derived from Danish population-
based study.[30,31]

The impact of Evolocumab on reducing the risk of 
CVD events was then measured using a two-step ap-
proach. First, the relative LDL-C reduction for HeFH 
(61%) and secondary prevention (71%) was used to 
calculate absolute LDL-C reduction based on mean 
LDL-C levels from clinical trial patient populations: 
baseline LDL-C levels were 4 mmol/L for HeFH and 
3.7 mmol/L for secondary prevention, which yielded 
absolute LDL-C reductions of 2.5 mmol/L for HeFH 
and 2.6 mmol/L for secondary prevention. Second, 
we applied rate ratios representing changes in CVD 
event rates associated with an absolute reduction in 
LDL-C levels from Cholesterol Treatment Trialists’ 
Collaboration (CTTC), which found that a reduction 
of 1 mmol/L leads to a 21% reduction in rates of any 
major CVD event (rate ratio per mmol/L of 0.79)[32] 
(see details in Appendix).

Mortality rates

The share of fatal events from overall CVD events 
was estimated at 33%, derived from SCORE data re-
ported in the 2016 European Guidelines on cardiovas-
cular disease prevention in clinical practice.[33]

Forecasting the economic burden of CVD

The economic burden of CVD is a function of the 
event rates multiplied by the average direct cost per 
case, as well as productivity losses due to illness. 

Direct costs

The average direct cost per IHD case reimbursed by 
the Social Security Institution (Sosyal Güvenlik Ku-



2035, which represents a 16% and 34% increase re-
spectively compared to 2016 (Table 2).

We estimated that by reaching WHO risk factor re-
duction targets in the adult population in Turkey, the 
number of CVD cases (defined as IHD and CeVD) 
would decrease from 5.4 million to 5 million by 2035. 
Over the forecast period (2016–2035), this represents 
5.1 million cumulative cases averted, approximately 
733,000 of which necessitate hospitalization. Mortality 
was also modeled to decrease in line with the reduction 
in CVD prevalence and incidence, with an estimated 
15,701 averted deaths in 2035, and almost 190,000 
averted deaths over the forecast period (Table 3).

The economic impact of the projected reduction 
in CVD prevalence, incidence, and mortality was es-
timated at $615 million in 2035, totaling $9.3 billion 
in cumulative savings between 2016 and 2035. Most 
of the savings would come from direct costs incurred 
by the public health care system, which is projected 
to save $385 million in 2035, totaling $5 billion in 
cumulative savings over the forecast period. Indirect 
cost savings to the Turkish society from increased 
productivity were estimated at $229 million in 2035 
or $4.2 billion cumulatively over 20 years. 

Impact of reducing LDL-cholesterol in high-risk 
populations

High-risk population 1: Secondary prevention

The first population included in our LDL-C reduc-
tion model is high-risk secondary prevention adults 
in Turkey, with a focus on individuals not reaching 
LDL-C target levels ≤2.6 mmol/L. This group was 
chosen to illustrate the maximum potential in reduc-
ing the burden of CVD in Turkey from treating se-
condary prevention patients with high LDL-C levels. 
In 2016, we estimated 1.5 million adults fall in this 
high-risk category, which is projected to increase to 
1.9 million by 2035.

We found that by treating high-risk secondary pre-
vention patients with evolocumab, 54,713 acute CVD 
events necessitating hospitalization could be averted 
by 2035, which would represent over 980,000 averted 
events of the 20-year forecast period. A reduction in 
averted events would also lead to lower mortality 
from CVD, which we estimated at 18,055 averted 
deaths in 2035, or 323,979 cumulatively over the 
next 20 years. The economic impact of lower CVD 
incidence and mortality translated into $532 million 
in total cost savings by 2035, totaling $8.1 billion in 
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Table 2. Current and projected modifiable risk factors in Turkish adults (number of individuals, in millions)

	 2016 – Number of individuals	 2025 – Number of individuals	 2035 – Number of individuals
	 (millions)	 (millions)	 (millions)

Hypertension	 15.6 	 18.1 	 20.9 
Obesity	 13.1 	 15.5 	 17.9 
Physical inactivity	 15.3 	 17.6 	 20.0 
Tobacco smoking	 14.3 	 16.4 	 18.7 
Type 2 diabetes	 6.3 	 7.3 	 8.3

Table 3. Health and economic burden of cardiovascular disease in Turkey, by scenario

		  2035		  Cumulative 2015–2035

 	 Base case	 WHO Scenario	 Difference	 Difference

CVD cases (number)	 5,390,091	 4,998,519	 391,573	 5,116,900
Deaths (number)	 194,702	 179,002	 15,701	 185,038
Total costs (million US$)	 $8,729 	 $8,114 	 $615 	 $9,288 
Direct costs (million US$)	 $5,454 	 $5,068 	 $385 	 $5,049 
Indirect costs (million US$)	 $3,275 	 $3,045 	 $229 	 $4,239
WHO: World Health Organization; CVD: Cardiovascular disease; US$: United States dollar.
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4,671 acute CVD events necessitating hospitalization 
could be averted by 2035, totaling 83,812 averted 
acute events over the forecast period (2016–2035). 
This would translate in up to 1,541 averted deaths in 
2035, totaling 26,658 averted deaths over the forecast 
period. The cost savings associated with a reduction 
in acute CVD events and mortality were projected at 
up to $45 million in 2035. This represented $691 mil-
lion in savings over the next 20 years. A third of these 
savings would be incurred by the public health care 
system in the form of direct cost savings, which were 
projected to reach up to $15 million by 2035. Indirect 
cost savings would, therefore, represent two-thirds of 
total savings, totaling $31 million in 2035 (Table 5).

DISCUSSION

Our study aimed to estimate the impact of addressing 
modifiable risk factors on the future burden of cardio-
vascular disease (CVD) in the general population and 
in two high-risk populations (heterozygous familial 
hypercholesterolemia and secondary prevention). We 

projected savings over the forecast period. In 2035, 
direct cost savings to the Turkish health care system 
represented around a third of total savings, reaching 
$173 million, while indirect cost savings to society 
were estimated at $359 million (Table 4).

High-risk population 2: Heterozygous familial 
hypercholesterolemia

The second high-risk population targeted by our 
LDL-C reduction model was Turkish adults with 
HeFH who are not reaching LDL-C levels <2.6 
mmol/L. This group was included in the analysis to 
show the full potential for reducing the burden of 
CVD in Turkey from treating all HeFH patients with 
high LDL-C levels. Depending on the prevalence rate 
assumption (0.2%–0.5%), this group was estimated 
at between 82,223 and 205,557 adults in 2016 and is 
projected to increase to between 104,375 and 260,937 
adults by 2035.

We estimated that by treating HeFH patients (with 
uncontrolled LDL-C levels) with evolocumab, up to 

Table 5. Health and economic impact of reducing LDL-cholesterol levels in heterozygous familial hypercholesterolemia* 
adults in Turkey

		  2035		  Cumulative 2015–2035

 	 Base case	 LDL-C reduction scenario	 Difference	 Difference

CVD events (number)	 12,629	 7,959	 4,671	 83,812
Deaths (number)	 4,168	 2,626	 1,541	 27,658
Total costs (million US$)	 $123 	 $77 	 $45 	 $691 
Direct costs (million US$)	 $40 	 $25 	 $15 	 $265 
Indirect costs (million US$)	 $83 	 $52 	 $31 	 $427 
LDL-C: Low-density lipoprotein cholesterol; CVD: Cardiovascular disease; US$: United States dollar.
*Based on 0.5% prevalence rate assumption of heterozygous familial hypercholesterolemia.

Table 4. Health and economic impact of reducing LDL-cholesterol levels in high risk secondary prevention adults 
in Turkey

		  2035		  Cumulative 2015–2035

 	 Base case	 LDL-C reduction scenario	 Difference	 Difference

CVD events (number)	 142,438	 87,726	 54,713	 981,754
Deaths (number)	 47,005	 28,949	 18,055	 323,979
Total costs (million US$)	 $1,385 	 $853 	 $532 	 $8,098 
Direct costs (million US$)	 $450 	 $277 	 $173 	 $3,099 
Indirect costs (million USS)	 $935 	 $576 	 $359 	 $4,998 
LDL-C: Low-density lipoprotein cholesterol; CVD: Cardiovascular disease; US$: United States dollar.
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studies had suggested that risk-factor management 
contributes more to CVD reduction than treatment.
[40–42] However, as effective pharmaceutical treatment 
options were developed and became more widely 
available, the relative contribution of treatments in 
the reduction of CVD was increased. For example, a 
report from the WHO’s Multinational Monitoring of 
Trends and Determinants in Cardiovascular Disease 
concluded that treatments are responsible for most of 
the decline in CVD rates in developed countries.[43] 
Our study findings are aligned with this observation, 
since the cost savings generated by the reduction of 
risk factors according to targets yielded less savings 
than reducing LDL-C levels through treatment for 
high-risk groups.

The large savings estimated by our LDL-C reduc-
tion model can be partially explained by the very high 
CVD baseline risk observed in HeFH and secondary 
prevention patients. In fact, according to a study by 
Villa et al.,[31] individuals with HeFH have a 90% 
chance of experiencing a CVD event in their lifetime 
and may have up to 4 times more acute events than 
non-HeFH patients. As for secondary prevention, a 
study published by Sulo et al.[44] found that 9.6% of 
myocardial or stroke survivors will experience a sub-
sequent event, and the proportion increases to 15.9% 
within three years.

This dire prognosis can, however, be lessened by 
improving diagnosis and treatment rates. In practice, 
the identification and diagnosis of risk factors and 
high-risk conditions for CVD are therefore important 
moderators of access to interventions. The potential 
impact of increased access to effective therapies for 
vulnerable groups can only be realized if diagnosis 
and treatment rates improve over time.

Given the recent rise in noncommunicable dis-
eases in Turkey, government officials recognize the 
critical need for a strengthened public health system 
and strategy. For example, the family medicine-cen-
tered primary care is central to the delivery of health 
care services in Turkey and its mission includes health 
promotion and prevention.[45] This model of care is 
patient-centered, and health care professionals are 
tasked with promoting healthy lifestyles, working on 
disease prevention, and providing health education.[45] 
Between 2002 and 2011, it was reported that primary 
care visits increased from 74.8 million to 244.3 mil-
lion.[46]

found that reaching the WHO risk factor reduction tar-
gets for arterial hypertension, tobacco smoking, type 
2 diabetes mellitus, obesity and physical inactivity in 
the general population would avert 5.1 million cases 
of CVD, including 733,000 cases necessitating hos-
pitalization, and yielded potential savings of US$7.3 
billion over the 20-year forecast period.

Despite the fact that dyslipidemia is not a specific 
WHO voluntary target, the impact of reducing lipids 
is clear in cardiovascular and cerebrovascular out-
comes. Indeed, increasing access to evolocumab for 
high-risk patients with uncontrolled LDL-C levels 
could avert close to 1.1 million acute CVD events ne-
cessitating hospitalization and result in up to US$8.8 
billion in savings (US$691 million for HeFH patients 
and US$8.1 billion for secondary prevention). It is 
important to note that while the WHO risk reduction 
model included both cases necessitating hospitaliza-
tion and non-hospitalized cases of CVD, the LDL-C 
reduction model focused only on acute events neces-
sitating hospitalization. This also had an impact on the 
direct cost results since the WHO model yielded sav-
ings from averted hospitalized and non-hospitalized 
CVD cases, while the LDL-C model included cost 
savings from averted hospitalized events only.

Epidemiologic research has in fact shown that 
many cases of CVD are preventable through the modi-
fication, elimination or avoidance of one or several risk 
factors. In the Global Health Risks study published by 
the WHO, reducing or eliminating the top 24 modifi-
able risk factors could reduce by at least three quarters 
the number of deaths caused by the leading causes of 
mortality and morbidity, including CVD.[37] By ad-
dressing the top 8 risk factors for CVD, global life ex-
pectancy could be increased by approximately 5 years. 
Indeed, the Institute of Medicine affirmed that positive 
changes related to the reduction in smoking rates, im-
proved blood lipid levels, and healthier dietary habits 
largely explain the reduction in CVD event rates in 
high-income countries.[38] Further, population-wide 
prevention initiatives and greater access to effective 
medical and pharmaceutical interventions have been 
identified as key drivers of these trends.[38]

According to Ford et al.,[39] several studies inves-
tigating the decline in CVD rates in developed coun-
tries have suggested that management of lifestyle 
risk factors and treatment each account for around 
40 to 60 percent of the observed reduction. Earlier 
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quantifying the large health and economic impact that 
could result from addressing the most important mod-
ifiable risk factors and increasing access to effective 
treatment options for high-risk populations. 

Limitations

This report makes use of the best available informa-
tion to forecast the prevalence and economic burden 
of CVD in Turkey. While every effort was made to 
maximize the accuracy of these forecasts, certain 
limitations in the data sources and modeling as-
sumptions are worth noting. In our WHO risk factor 
reduction model, the prevalence of conditions and 
risk factors are mostly derived from self-reported 
national survey data and the literature. Since studies 
have shown that respondents tend to significantly un-
derstate their weight and physical activity in self-re-
ported surveys, the data may be underestimating the 
prevalence of these risk factors.

In our study, the prevalence of risk factors is as-
sumed to remain constant over the forecast period, 
although the longitudinal Turkey Adult Risk Factor 
Study (TEKHARF) could have been used to derive 
historical data on risk factor progression in Turkey.[48]

In our LDL-C reduction model, there is likely a 
minor overlap between the HeFH population who 
have had a prior event (therefore who are considered 
secondary prevention) and the regular secondary pre-
vention population.

Our study featured two separate models: the WHO 
risk factor reduction model and the LDL-C reduction 
model, and caution should be used when comparing 
their respective results. For one, the WHO model in-
cluded both acute CVD cases (necessitating hospital-
ization) and non-hospitalized cases, while the LDL-C 
model included acute hospitalized events only. Fur-
thermore, the WHO model used dichotomous risk fac-
tor outcomes (for example regular tobacco smoking 
compared to non-smoking), while the LDL-C model 
used a continuous measure of blood lipid levels which 
likely yielded more favorable results.

Another limitation of the study is that it does 
not factor in the cost to implement interventions to 
address modifiable risk factors. Applying the cost of 
treatment to the incremental cost savings generated 
by the model would therefore modestly offset the ex-
pected direct cost savings.

In light of budget increases and fund redistributions, 
value for money in healthcare is emerging as an impor-
tant concept embraced by stakeholders. Providers, pa-
tients, payers, and policymakers all support the goal of 
improving outcomes and doing so as efficiently as pos-
sible. The formal process of reimbursement decision 
making in Turkey is well established at a National level 
within the Social Security Institution (SSI). Turkey has 
one national payer and SSI coordinates committees 
consisting of members from SSI, Ministry of Health, 
Ministry of Finance, Ministry of Development, Under-
secretary of Treasury, and academics. There are two 
main reimbursement schemes in Turkey: the Regular 
Reimbursement Committee (since 2007) and the Al-
ternative Reimbursement Committee (since 2016), 
and decisions from both committees are published in 
the Turkish Official Gazette.

Healthcare decision making is a complex and in-
herently multi-factorial process that includes vari-
ables other than clinical efficacy, safety, and cost-
effectiveness. Goldman et al.[47] suggest a broader 
value framework that includes, for example, disease 
severity, prioritized subgroups, unmet medical need, 
reduced caregiver burden, patient compliance (and 
related factors) and innovation. Other considerations 
include policy drivers (national priorities) and indus-
trial values (dynamic efficiency, generic market). Our 
findings should complement traditional economic 
analyses to inform prioritization of interventions to 
reduce the burden of CVD.

Although established willingness-to-pay and cost-
effectiveness thresholds play an important role in 
healthcare policy decision-making, these economic 
evaluations are unable to address the issue of afford-
ability. The affordability to successfully implement 
preventative interventions needs to be assessed, to 
estimate the financial consequences of adoption and 
diffusion of the new intervention within a specific 
health care setting and given inevitable resource con-
straints. In an increasingly complex decision-making 
landscape, it is critical that government and industries 
develop partnerships to identify and prioritize health-
care adoption in order to facilitate sustainable and evi-
dence-driven resource allocation. Value-based health-
care initiatives and managed entry agreements are 
examples of these types of innovative partnerships.

Our study further supports Turkey’s efforts to 
manage noncommunicable diseases such as CVD, by 
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Although the qualitative context is presented re-
garding data and modeling assumptions uncertainty, 
formal sensitivity analyses were not conducted. As 
noted in other published cardiovascular burden of ill-
ness studies, further data generation is critical to in-
form, validate and to test the robustness of the burden 
of disease and the impact of addressing modifiable 
risk factors estimates.[49,50]

Conclusion

Turkey’s health care system is facing important chal-
lenges, such as a growing burden of chronic diseases, 
high prevalence of risk factors and increasing health 
expenditure. Our study showed that by reaching the 
WHO risk factor reduction targets and increasing ac-
cess to effective LDL-C lowering treatment for high-
risk groups, the burden of CVD can be greatly reduced 
over the next 20 years. Efforts undertaken as part of 
a greater focus on public health and primary care, in-
cluding policies and cross-sector interventions, are 
important allies in the fight against noncommunicable 
diseases in Turkey.
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