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Abstract 

Objective: The effective administration of lipid-lowering treatment is of utmost importance in mitigating cardiovascular (CV) 
risk in patients who are undergoing secondary prevention. 

High-dose statins, ezetimibe, and the relatively newer PCSK9 inhibitors (PCSK9i) have shown effectiveness in achieving low 
density lipoprotein cholesterol(LDL-C) treatment targets for these patients.  

However, despite substantial evidence supporting their efficacy, these interventions remain significantly underutilized, 
primarily due to poor levels of patient adherence.  

Moreover, there is limited data available on the overall effectiveness of cholesterol-lowering treatment and the proportion of 
secondary prevention patients who have achieved a well-regulated lipid profile.  

In light of these factors, the principal aim of this investigation was to evaluate the present status of lipid-lowering medication 
within this specific group of individuals. 

Methods: The study was conducted at Mardin Artuklu University, Mardin Training and Research Hospital between April 2021 
and March 2023, focusing on patients with a history of secondary prevention of CVD. The study investigated prescribed 
cholesterol-lowering drugs, factors contributing to statin underuse, and lipid profile disclosure. 

Results: 872 patients were included. 86.8% received statins, 5.2% ezetimibe, and 3.4% fibrates, while 13.2% received no lipid-
lowering therapy. 64% of those on statins were on high doses. LDL-C values were assessed in 452 patients, with only 30% 
below the recommended cutoff of 70 mg/dL. 

Conclusion: In this investigation involving secondary prevention patients, slightly over half of the participants received high-
dose statins, while a negligible proportion received ezetimibe treatment.  

Alarmingly, over two-thirds of the patients demonstrated LDL-C values that deviated significantly from the therapeutic range, 
indicating a considerable gap between their lipid profiles and the recommendations set forth by clinical guidelines. 
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Kardiyovasküler Hastalık Yüksek Riskine Sahip Bireylerde Lipit Düşürücü İlaçların Etkinliği 
Öz 

Amaç: Lipid düşürücü tedavinin optimal yönetimi, ikincil koruma altındaki hastalarda kardiyovasküler (KV) riskin 
azaltılmasında kritik bir rol oynamaktadır. Yüksek doz statinler, ezetimib ve nispeten yeni PCSK9 inhibitörleri (PCSK9i), bu 
hastalarda LDL kolesterol (LDL-K) tedavi hedeflerine ulaşmada etkinlik göstermiştir. Ancak, etkinliklerini destekleyen önemli 
kanıtlara rağmen, bu müdahaleler özellikle düşük hasta uyum düzeyleri nedeniyle önemli ölçüde yeterince kullanılmamaktadır. 
Dahası, kolesterol düşürücü tedavinin genel etkinliği ve ikincil koruma hastalarının düzenli bir lipid profili elde etme oranı 
hakkında sınırlı veri bulunmaktadır. Bu nedenle bu çalışmanın temel amacı, bu hasta grubundaki lipid düşürücü tedavi 
durumunu değerlendirmekti. 

Yöntemler: Çalışma, kardiyovasküler hastalık ikincil koruma geçmişi olan hastalara odaklanarak, Nisan 2021 ile Mart 2023 
tarihleri arasında Mardin Artuklu Üniversitesi, Mardin Eğitim ve Araştırma Hastanesi’nde yapıldı. Çalışmada, reçetelenen 
kolesterol düşürücü ilaçlar, statin kullanımının yetersizliğine katkıda bulunan faktörler ve lipid profilinin açıklanması incelendi. 

Bulgular: 872 hasta çalışmaya dahil edildi. Hastaların %86,8'i statin (statin ile birlikte %5,2'si ezetimib ve %3,4'ü fibrat) 
kullanırken, %13,2'si herhangi bir lipid düşürücü tedavi almadı. Statin kullananların %64'ü yüksek dozda ilaç alıyordu. LDL-K 
değerleri 452 hastada değerlendirildi ve sadece %30'u önerilen 70 mg/dL altında bulunmaktaydı. 

Sonuç: İkincil korunma hastalarının yer aldığı bu araştırmada, katılımcıların yarısından biraz fazlası yüksek doz statin alırken, 
ihmal edilebilir bir oran ezetimib tedavisi almıştır. Endişe verici bir şekilde, hastaların üçte ikisinden fazlası, LDL-K değerleri 
terapötik aralıktan önemli ölçüde sapma gösterdi ve bu durum, lipid profilleri ile klinik kılavuzlar tarafından önerilen değerler 
arasında önemli bir boşluk olduğunu göstermektedir. 

Anahtar kelimeler: Statinler, PCKS-9i, Ezetimib, Düşük Dansiteli Lipoprotein Kolesterol(LDL), İkincil Koruma. 

INTRODUCTION 

Individuals undergoing secondary prevention 
for CV events have a greater than 10% risk of 
experiencing a new event in ten years1. Among 
the markers of increased risk, we know that 
high low density lipoprotein cholesterol (LDL-
C) levels directly increase it and represent one 
of the main therapeutic targets2. 
HMG-CoA reductase inhibitors, often referred to 
as statins, are one of the most potent lipid-
lowering medications for the secondary 
prevention of CV disease3. In addition, therapy 
with statins of high potency is even more 
successful in reducing the occurrence of 
events4. PCSK9 inhibitors (PCSK9i) have 
recently led to a seismic shift in lipid-reducing 
medication by lowering LDL-C levels in statin-
treated patients to an average of 30 mg/dL5. 
American College of Cardiology and American 
Heart Association (ACC/AHA) and European 
Society of Cardiology and the European 
Atherosclerosis Association (ESC/EAS) clinical 
practice recommendations urge using of high- 

 

intensity statins in patients undergoing 
secondary prevention, establish therapeutic 
goals, and stress that the higher the LDL-C 
decrease, the higher the reduction in CV risk6. 
The primary aim of this research was to assess 
the status of lipid-lowering therapy, adherence 
to therapeutic goals, and potential indication for 
treatment with PCSK9i in patients at high CV 
risk. 

METHODS 

Study design 
This cross-sectional research was conducted 
between April 2021 and March 2023 at Gazi 
Yaşargil Training and ResearchHospital.  
The study enrolled patients aged 18 years and 
above with various cardiovascular conditions, 
including acute coronary syndrome, stable 
chronic angina with functional test (SPECT, 
ergometry, stress echo), previous percutaneous 
coronary angioplasty, myocardial 
revascularization surgery, significant non-
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revascularized plaques observed in coronary 
angiography or non-invasive study (CT or MRI), 
ischemic stroke/TIA, symptomatic peripheral 
vascular disease of the lower limbs due to 
intermittent claudication or revascularization, 
and carotid stenosis greater than 70% or 
previous carotid artery revascularization 
(percutaneous or surgical). 

Participants for whom data were unavailable or 
whose laboratory test analysis was inconclusive 
were excluded from the study.  
The Ethics Commission of Gazi Yaşargil Training 
and Research Hospital authorized the study and 
waived the necessity for informed consent (No: 
2023-301 Date: January 13th, 2022) The 
present manuscript was conducted in line with 
the provisions of the Declaration of Helsinki 
(2013).  

The research was conducted in compliance with 
the ethical criteria for human testing outlined in 
the Helsinki Declaration (Date: 13/01/2023) 
(2013). 
Study protocol 

Source of the patients and data collection: the 
inclusion of patients was recruited by personal 
meeting or completion of a self-administered 
questionnaire, either while hospitalized or in an 
outpatient clinic. Data loading was done online 
through a custom-designed electronic form 
with password-protected access. Automatically 
and immediately, the data was merged into the 
central server. LDL-C objectives: compliance 
with LDL-C treatment plans were based on 
patients who underwent a laboratory test in the 
last 6 months with measurement of LDL-C, HDL-
C, and triglycerides. 
Primary goals 

The aim of this study is to assess the utilization 
of statins, including dosing patterns, among 
patients at high cardiovascular risk under a 
secondary prevention strategy. Additionally, 
the study seeks to identify candidates who 

would potentially benefit from PCSK9 inhibitors 
(PCSK9i). Furthermore, the research aims to 
investigate the reasons behind the lack of lipid-
lowering drug treatment or inadequate 
treatment in this patient population. Lastly, the 
study will evaluate the proportion of patients 
who achieve the LDL-C therapeutic goals 
outlined in the 2019 ACC/AHA lipid guidelines 
and the 2019 ESC/EAS dyslipidemia guidelines. 
Endpoints 

We investigated the frequency of lipid-lowering 
medication treatments and their dosages. LDL-
C threshold was determined according to the 
ESC/EAS (55 mg/dL, 2nd vascular incident in 2 
years 40 mg/dL) and ACC/AHA (70 mg/dL)7. 

Insufficient therapy was defined as the patient 
not receiving high-dose statins for secondary 
prevention (atorvastatin 40 mg or 80 mg, or 
rosuvastatin 20 mg or 40 mg). 
LDL-C greater than 100 mg/dL notwithstanding 
therapy with high-intensity statins at maximal 
dosages, or unable to get appropriate doses of 
statins owing to tolerability, in line with the 
2019 ESC/EAS guideline, is the indication for 
PCSK9i8. 
Laboratory Analysis 

A total of 6 mL of venous blood samples were 
collected from the patients while they were in 
the fasting state.  
Following this, the blood samples were 
subjected to centrifugation at a force of 2500-
3000 times the acceleration due to gravity (xg) 
for a duration of 10 minutes. The resulting 
serum samples were then divided into smaller 
portions and preserved at a temperature of -70 
°C until they were ready for analysis. The 
measurement of triglycerides (TG), low-density 
lipoprotein cholesterol (LDL-C), and high-
density lipoprotein cholesterol (HDL-C) was 
conducted using an enzymatic Hitachi Auto 
Analyzer (Tokyo, Japan) 
Statistics 
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The statistical study was performed with IBM 
SPSS software, specifically version 24.0. Initial 
continuous variables were represented using 
descriptive statistics, including measures such 
as mean, standard deviation, and median with 
interquartile range. The assessment of the 
normality of variable distributions was 
conducted using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests, in conjunction with 
graphical tools. 

The categorical data were analyzed by 
presenting frequencies and percentages, and 
the chi-square test was employed to examine 
the associations. 
During the initial phase of the study's design, a 
sample size of 872 patients was chosen in order 
to achieve 95% confidence intervals (95% CI) 
that are acceptably small. A significance level of 
0.05 was established for all statistical tests. 

RESULTS 
The study involved a sample size of 872 
individuals, comprising 371 females (42.6%) 
and 501 males (57.4%). The participants had an 
average age of 68.2 ± 9.6 years. Within the 
cohort under investigation, arterial 
hypertension was shown to be the most 
prevalent comorbidity, affecting 65.6% of the 
study population. This was followed by 
dyslipidemia, which was present in 55.6% of 
individuals, and diabetes, which affected 38.6% 
of the cohort (Table 1). A notable percentage of 
the individuals involved in the study received 
revascularization interventions (49.1%), such 
as percutaneous coronary intervention (PTCA) 
or coronary artery bypass grafting (CABG). The 
prevalence of patients diagnosed with unstable 
angina, non-ST-segment elevation myocardial 
infarction (NSTEMI), and ST-segment elevation 
myocardial infarction (STEMI) exhibited 
comparable proportions, with rates of 21.7%, 
21.5%, and 21.7% respectively. 

Table I: Clinical characteristics of patients 
PARAMETERS n, % 

Age 68.2 ± 9.6 

Sex, female 371 (42.6) 

Hypertension 572 (65.6) 

Diabetesmellitus 337 (38.6) 

Dyslipidemia 485 (55.6) 

BMI >25kg/m2 457 (52.4) 

Smoking 527 (60.4) 

Sedentary life 561 (64.3) 

STEMI 189 (21.7) 

Non-STEMI 187 (21.5) 

Unstableanginapectoris 189 (21.7) 

Stableanginapectoris 71 (8.1) 

Revascularization 428 (49.1) 

Ischemicstroke/TIA 94 (10.8) 

Peripheralvasculardisease 141 (16.2) 

Carotiddisease 42 (4.8) 

BMI: Body-mass ındex. STEMI: ST-segment elevation myocardial 
infarction. TIA: Trans-ischemic attack 

Among the patients, 86.8% were on lipid-
lowering therapy, with 3.4% receiving fibrates 
and 5.2% receiving ezetimibe, while 13.2% 
were not receiving any treatment. Among those 
under statin treatment, 64% (n=484) received 
high-dose statins (55.5% of all statin-treated 
patients), with atorvastatin doses of 40-80 
mg/d being the most common (Table 2). In the 
last six months, LDL-C samples were available 
for analysis from 452 individuals, with an 
average LDL-C value of 95.4 (91.7-99.1) mg/dL, 
HDL-C at 42.6 (41.7-43.5) mg/dL, and 
triglycerides at 153.4 (144.9-161.8) mg/dL 
(Figure 1). Among the patients, 30% had LDL-C 
values below the cutoff of 70 mg/dL, while 14% 
had values below 55 mg/dL. Additionally, 37% 
of the patients had LDL-C levels exceeding 100 
mg/dL.The most commonly prescribed statin 
among these individuals was atorvastatin. 
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Table II: Statin doses used by patients 
5 mg 10 mg 20 mg 40 mg 80 mg 

Simvastatin 
(n=20) 

4.2% 47.5% 39.5% 8.8% _ 

Rosuvastatin 
(n=324) 6.8% 23.8% 37.8% 31.6% _ 

Atorvastatin 
(n=413) 2.4% 9.7% 24.9% 53% 10% 

Figure 1. Average lipid values of the participants (n = 
452) 

Lipid profile information, including LDL-C 
targets, was available for 51.8% of the 
participants (n=452). In terms of general 
compliance with LDL-C goals, 30% of the 
participants met the ACC/AHA guidelines, while 
14% met the ESC/EAS guidelines (Figure 2). 
The proportion of patients receiving high-dose 
statins versus not receiving high-dose statins 
was 41.4% vs. 23.5% (p < 0.001) based on the 
ACC/AHA guidelines, and for ESC/EAS targets, it 
was 22.3% vs. 13.1% (p = 0.04). No statistically 
significant differences were found in 
compliance with the clinical guidelines of the 
ACC/AHA or ESC/EAS based on the diagnosis, 
whether it was the type of acute coronary 
syndrome (ACS) or other vascular disease 
diagnoses (p > 0.05). 

Figure 2. Compliance with therapeutic goals according 
to guidelines 

Among the 87 patients with two or more 
cardiovascular events in the previous two years, 
only 6% fulfilled the ESC/EAS objective of the 
LDL-C levels were observed to be below 40 
mg/dL. Regarding the potential indication for 
PCSK9 inhibitors (PCSK9i), 37% of the patients 
had LDL-C levels greater than 100 mg/dL. 
Within the group with a potential indication for 
PCSK9i, 38% were on high-dose statins, and 3% 
were also receiving ezetimibe in combination 
with statin therapy. Based on the ACC/AHA 
criteria for PCSK9i use, only 3% of the examined 
individuals would qualify for receiving PCSK9i. 
Among the remaining 62%, 14% were 
undermedicated due to reported adverse 
effects, primarily myopathies, and in the 
remaining 48%, the absence of physician 
indication, medication refusal, concerns about 
the side effects of statins, and failure to obtain 
prescription renewals were the reasons for 
inadequate treatment compliance. 

DISCUSSION 

In this study, just over half of the 872 patients 
undergoing secondary prevention of 
cardiovascular (CV) events were prescribed 
high-dose statins, while a negligible proportion 
received ezetimibe treatment. Among the 
subset of individuals for whom data was 
available, the average LDL-C level exceeded any 
treatment target specified by clinical guidelines. 
Consequently, only 30% of the patients met the 
ACC/AHA recommendations of LDL-C < 70 
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mg/dL, and merely 14% achieved the ESC/EAS 
treatment target of LDL-C < 55 mg/dL. 
Furthermore, 37% of the individuals had LDL-C 
levels greater than 100 mg/dL, even though a 
few were receiving the maximum dosage of 
statins and ezetimibe. As a result, this subset of 
patients would be potential candidates for 
PCSK9i treatment to effectively lower LDL-C 
levels. 
Cardiovascular (CV) disease has been a leading 
cause of mortality worldwide9. Although there 
was a 31% decline in CV deaths from 2001 to 
2011, despite this, they still represented one-
third of all mortality in the USA10. Extensive 
research has consistently shown a direct 
association between high cholesterol levels and 
cardiovascular mortality, particularly in the 
development of coronary disease, with evidence 
indicating that reducing LDL-C levels can lower 
the risk11. 
Notable studies have provided further evidence 
of the benefits of lipid-lowering interventions. 
The 4S research, with a 5-year follow-up, 
demonstrated a 30% reduction in mortality for 
individuals with acute myocardial infarction 
(AMI) or coronary disease who were 
administered simvastatin compared to a 
placebo12. Likewise, the CARE trial observed a 
noteworthy 24% decrease in the primary 
endpoint of cardiac mortality or recurrent AMI 
(acute myocardial infarction) among AMI 
patients treated with 40 mg of pravastatin over 
a two-year period13. 

Additionally, the IMPROVE-IT study 
demonstrated that adding ezetimibe to 
simvastatin 40 mg in post-AMI individuals 
resulted in a further decrease in LDL-C levels 
and subsequently reduced the likelihood of 
cardiovascular events14. Meta-analyses 
conducted by the CTT group revealed that for 
each 38.6 mg/dL decline in LDL-C levels, there 
was a 22% reduction in the risk of major CV 
events, 23% reduction in coronary events, 20% 

reduction in coronary-related deaths, and 10% 
reduction in total mortality15. 

Additional studies, such as PROVE-IT, the study 
showed that using atorvastatin 80 mg resulted 
in a 16% reduction in the risk of major 
cardiovascular events compared to atorvastatin 
40 mg while the TNT study showed a 22% risk 
reduction when atorvastatin 80 mg was 
compared to atorvastatin 10 mg16. A meta-
analysis of the RACING trial further supported 
the use of high-intensity statins, showing a 15% 
reduction in major cardiovascular events 
compared to lower-intensity statin use17. 

The advancement of PCSK9 inhibitors (PCSK9i) 
has further emphasized the idea that larger 
reductions in LDL-C result in greater risk 
reductions18. In patients receiving maximally 
tolerated doses of statins, studies have 
demonstrated that PCSK9 inhibitors (PCSK9i) 
lead to a reduction in LDL-C levels by 45 to 75 
percent more than placebo and 35 percent more 
than ezetimibe19. Additionally, there is 
compelling evidence supporting the role of 
PCSK9i in reducing the incidence of 
cardiovascular (CV) events20. 
The FOURIER study, which included over 
27,000 individuals with cardiovascular disease, 
LDL-C levels exceeding 70 mg/dL, and statin 
therapy, randomized participants to receive 
evolocumab (a PCSK9 inhibitor) or a placebo. 
The mean LDL-C level decreased from 92 mg/dL 
to 30 mg/dL, leading to a 15% reduction in the 
risk of cardiovascular events, including 
cardiovascular mortality, stroke, unstable 
angina, acute myocardial infarction (AMI), and 
revascularizations21. Similar risk reductions 
were observed in the ODYSSEY outcomes 
research, which investigated the use of 
alirocumab (another PCSK9 inhibitor) in 
patients with AMI or recent unstable angina, 
considering a combination of CV mortality, non-
fatal myocardial infarction, stroke, and unstable 
angina22. 
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In 2019, the American College of Cardiology 
(ACC) and American Heart Association (AHA) 
established an LDL-C target value of 70 mg/dL 
for patients in secondary prevention, while the 
European Society of Cardiology (ESC) and 
European Atherosclerosis Society (EAS) 
advocated for a lower target of 55 mg/dL, and 
even lower, 40 mg/dL, for individuals with a 
history of two or more CV events in the 
preceding two years23,24. 

Despite the potential benefits of PCSK9i, the 
high cost of these medications prompted efforts 
to Identify a subgroup of high-risk individuals 
who would derive the greatest benefits, thus 
improving the cost-benefit balance25. As a 
result, patients in secondary prevention with an 
LDL-C value of more than 100 mg/dL, those on 
the highest tolerated doses of statins along with 
ezetimibe, or those with documented 
intolerance to statins are recommended for 
PCSK9i therapy26. Unfortunately, despite 
extensive research and stringent 
recommendations, the global utilization of lipid-
lowering medications often falls short of 
meeting these criteria. 

In a 2008 study involving 15,000 patients in the 
USA, the non-adherence rate to statin therapy 
was found to be 26%, and non-adherent 
individuals were found to have an increased 
risk of both total and cardiovascular (CV) 
mortality27. Following multivariate analysis, 
factors such as myalgia, lack of health insurance, 
and interestingly, patients' online searches and 
poor communication with prescribing 
physicians were identified as the most 
significant contributing factors to non-
adherence28. 
The well-known "nocebo" effect, which involves 
the adverse effects of medications being 
heightened due to negative expectations, 
significantly influences statin adherence. The 
popularization of data suggesting that statins 
cause myalgias resulted in a sharp increase in 
the reporting of this adverse effect, reaching 

levels as high as 15% in some series. However, 
in randomized, double-blind trials like HOPE-3, 
the occurrence of myalgias barely exceeded 5%, 
and it was only 1% higher than in the placebo 
group29. 

Regarding PCSK9 inhibitors (PCSK9i), the 
EBBINGHAUS study, which utilized the CANTAB 
survey, did not find an increased incidence of 
neurocognitive events in individuals treated 
with PCSK9i. Similarly, a meta-analysis 
conducted by Cochrane revealed that there was 
no statistically significant disparity in the 
prevalence of neurocognitive events among 
individuals who had statin treatment30. 
In our opinion, although there have been large-
scale studies previously conducted in countries 
such as the USA, considering the 
sociodemographic, cultural and economic 
differences of our country, larger-scale and 
multicenter studies should be conducted on the 
use of cholesterol-lowering drugs in our 
country. 

Considering the positive effects of cholesterol-
lowering treatment, it is important to raise 
awareness of patients and their relatives on this 
issue. 

Limitations 
In terms of the study's limitations, it's worth 
noting that only participants from the 
cardiology department were included, which 
might have introduced a potential bias in the 
data analysis. Although outpatients were also 
included, the fact that the majority of patients 
were in the coronary care unit could potentially 
compromise the external validity of the data. 

CONCLUSION 
Our results suggest that just over half of the 
patients undergoing secondary prevention 
were on intensive statin medication. However, 
adherence to therapy objectives was observed 
to be very poor, which directly impacts patients' 
cardiovascular (CV) risks. In this context, 
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appropriate lipid-lowering treatment with 
high-intensity statins has demonstrated 
effectiveness. However, beliefs concerning side 
effects and other barriers hinder the correct 
utilization of these drugs and adherence to 
planned therapeutic goals.  
Therefore, we emphasize the importance of 
sustained administration of intensive statins 
and the promotion of strict LDL-C cholesterol 
management to improve patient outcomes in 
secondary prevention. 
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