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Abstract
Introduction: The association of coronary risk factors and cardiovascular events does not necessarily imply a causal relationship. 
Dyslipidemia is such a coronary risk factor and the role of cholesterol in the pathophysiology of cardiovascular disease remains 
controversial. 

Aim: To evaluate in the long term the incidence of cardiovascular events in patients with and without dyslipidemia. 

Methods and Results: 1142 patients admitted to a nuclear medicine center who presented normal effort myocardial perfusion 
test with SPECT, were enrolled in the study. Population were split into two groups; patients without dyslipidemia (n = 486) and 
patients with dyslipidemia without statins treatment (n = 656). Follow-up of 15.9 years was carried out with the following end-
points: cardiac mortality, non-fatal myocardial infarction and unstable angina that required myocardial revascularization procedures. 
During follow-up, 44 patients experienced at least one cardiovascular event. The most frequent cardiovascular event was unstable 
angina that required some myocardial revascularization procedure. Surprisingly, 91.5% of patients with dyslipidemia remained free 
of cardiovascular events, showing a similar survival function as those patients without dyslipidemia (p = 0.31). 

Conclusion: Patients with and without dyslipidemia in primary prevention presented similar survival functions, therefore both sorts 
of patients would belong to the group of low cardiovascular risk. Therefore, blood cholesterol level was not a marker of cardiovascular 
events in our study population.
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Introduction

In the Frammingham studies, conditions such as dyslipidemia, arterial hypertension (AHT), smoking and diabetes were found to 
present a strong association with the incidence of cardiovascular disease (CVD). These variables were given the name of coronary risk 
factors.

However, it is common to see in medical practice patients with dyslipidemia who do not evolve to cardiovascular disease while others 
with normal or below normal cholesterol levels progress to coronary heart disease. Therefore, the jointly occurrence of dyslipidemia and 
CVD does not necessarily imply a causal relationship. 

LDL-cholesterol (LDL-C) plays a fundamental role in the formation of cell membranes, so it is essential in any type of cell repair. In 
addition, cholesterol is a biosynthetic precursor of vitamin D and bile acids and it is an ancestor of steroid hormones.
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It is also well known that coronary heart disease is associated with arterial wall damage, mainly expressed by a chronic inflammatory 
process. The LDL-C in contact with the injured arterial wall would undergo oxidation processes and generate products with chemotactic 
activity for monocytes and smooth muscle cells. This is how they transform into foam cells by installing the chronic inflammatory process 
and whose accumulation causes the production of fatty streaks. By continuing the proliferative process, they evolve to the formation of a 
more complex atheroma plaque [1].

American and European guidelines present cholesterol as the main responsible for cardiovascular disease [2,3]. Nevertheless, in 2009 
Sachdeva., et al. reported an analysis of 136905 patients admitted to 541 hospitals for coronary heart disease showing that almost half 
of the patients had normal or below normal cholesterol levels at the time of admission [4] and more recently, Ravnskov., et al. found an 
inverse relationship between LDL-C and mortality in the elderly [5]. These observations remain controversial, showing disagreement 
about the role of cholesterol in the pathophysiology of cardiovascular disease.

As a result, we address the following question; are blood cholesterol levels responsible for the onset of arteriosclerotic processes that 
occur so frequently in our population? The main aim of this work was to address the incidence of cardiovascular events on patients with 
and without dyslipidemia in a cohort of 1142 low risk patients. 

Materials and Methods

Between January 2001 and December 2016, 1142 patients (aged 59 ± 11 years with a male prevalence of 52%) were enrolled in the 
protocol. These patients were referred by their general practitioners to perform a myocardial perfusion study for diagnostic purposes in 
accordance with the guidelines of the "American College of Cardiology", the "American Heart Association" and the "American Society of 
Nuclear Cardiology" [6] and all of them showed a uniform radiotracer uptake, indicating a preserved myocardial perfusion. 

Patients were older than 21 years, presented an ejection fraction ≥50% and had normal ventricular volumes. None of these patients 
had a history of myocardial infarction, revascularization surgery, coronary angioplasty, stroke, intermittent claudication, left bundle 
branch block or atrial fibrillation. All patients and in agreement with their GPs, agreed to participate in this observational, prospective 
cohort study.

A clinical history was prepared for all of them, including cardiovascular symptoms, coronary risk factors and complementary studies 
previously carried out. 

Following the established criteria, we considered the coronary risk factors as follows: 

1. Diabetes: Fasting blood glucose > 126 mg/dl in at least two determinations or with indication of oral hypoglycemic agents or 
insulin. 

2. Obesity: when reached a body mass index ≥ 30 

3. Dyslipidemia: Total cholesterol > 200 mg/dl, HDL-cholesterol < 40 mg/dl, LDL-cholesterol > 130 mg/dl, triglycerides > 150 mg/
dl and/or total cholesterol / HDL-cholesterol ratio > 4.5. It is known that the absolute value of cholesterol is very variable since it 
depends on several factors, including diet and fasting performed by the patient prior to blood draw. As, in addition, these patients 
are referred by their general practitioners, the results of the clinical analysis come from different institutions, which further 
determines their variability. This is the reason why we have not considered in this study the absolute value of blood cholesterol. 
The incorporation of individuals with and without dyslipidemia was established with the last two laboratory results following the 
stated parameters. When there was controversy in these values, the patient was excluded from the study. 

4. Hypertension: Systolic pressure ≥140 mm Hg or diastolic ≥ 90mmHg or those under antihypertensive treatment. 

5. Smoking. 
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Myocardial perfusion

The ergometric protocol used was continuous and scalariform on a cycle ergometer with blood pressure control and continuous 
ECG monitoring. The effort was stopped when the subject reached the desired heart rate according to the Robinson table [7,8] or when 
there were clinical or electrocardiographic criteria to interrupt the exercise. One minute before the end of the maximum effort, 20 mCi 
of Tc 99m-mibi was injected intravenously. The dose administered had a cardiac biodistribution according to the coronary flow obtained 
during the effort. After thirty minutes, the cardiac images were acquired in a gamma camera (General Electric) with the SPECT system 
triggered and they were processed and interpreted following the classic criteria reported [9]. The resting study was performed between 
24 and 72 hours after the effort, with the same conditions of radiotracer dose and image acquisition as in the effort stage.

Demographic characteristics

Table 1 shows the baseline characteristics of the study population. Two groups were defined as follows; Group 1: 486 patients without 
dyslipidemia (42.5%) and Group 2: 656 patients with dyslipidemia without statins indication (57.5%). 

Group 1 (n = 486) Group 2 (n = 656) p
Age 57,9 ± 12 0.008

AFT 2192 2090 0.242

Male 264 (54,3%) 330 (50,3%) 0.170
Diabetes 38 (7,8%) 75 (11,4%) 0.051
Smoker 75(15,4%) 122(18,5%) 0.201

Ex smoker 178(36,6%) 259(39,4%) 0.473
Hypertension 256(52,6%) 385(58,6%) 0.098

Obesity 149(30,6%) 241(36,7%) 0.051
Angina 20(4,1%) 39(5,9%) 0.163

Arrhythmia 67(13,7%) 98(14,9%) 0.587
ARBs 81(16,6%) 118(17,9%) 0.554
ACEI 75(15,4%) 99(15%) 0.887

Aspirin 86(17,6%) 152(23,1%) 0.021
BB 118(24,2%) 158(24%) 0.937

Table 1: Baseline characteristics of the study population. 

AFT: Average Follow-Up Time; ARBs: Angiotensine II Receptor Blockers;  
ACEI: Angiotensin-Converting Enzyme Inhibitor; BB: Beta Blockers;  

Quantitative Variables: Mean ± SD; Qualitative variable: N (%).

Follow up

Follow-up extended to 15.9 years and the following primary outcomes were considered: a) cardiac mortality; b) non-fatal myocardial 
infarction and c) myocardial revascularization procedures by either surgery or angioplasty. 

ardiac death was defined as any death caused by myocardial infarction or sudden death of documented cardiac origin. Myocardial 
infarction was defined as an elevation of the enzyme CPK and CPK MB of double the upper limit accompanied by a ST-T supra-level 
greater than 0.1 mV in at least two electrocardiographic leads. The myocardial revascularization procedures were considered as events, 



Citation: Pautasso Enrique José., et al. “Is Blood Cholesterol Level a Marker of Cardiovascular Event in Primary Prevention? A Long-Term 
Observational Study”. EC Cardiology 6.12 (2019): 01-09.

04

Is Blood Cholesterol Level a Marker of Cardiovascular Event in Primary Prevention? A Long-Term Observational Study

in those patients who were admitted for unstable angina and who needed revascularization treatment, either by angioplasty or by 
revascularization surgery. In asymptomatic patients who were studied and then revascularized, the revascularization procedure was not 
regarded as an event.

After inclusion, general practitioners informed about symptoms, hospitalizations, cardiovascular events, medication indications, date 
of the event and date of last contact with the patient. In the analysis of the event-free survival curve, performed by the Kaplan Meier 
method, only the first cardiovascular event of the patients was taken into account. The adherence to the study was of 73.8%. Mean follow-
up was 71.4 months with a range spanning from 6.1 to 191.1 months.

Statistical analysis

T-student test was utilized to compare quantitative variables. Results are expressed as Mean ± SD. Qualitative data were compared with 
the Chi square test. The strength of association was evaluated with OR (odd ratio). It was considered that an association was statistically 
significant when the null hypothesis was rejected at the level of p < 0.05. The event-free survival curve was analyzed with the Kaplan 
Meier method and the statistical significance between curves with the Logrank test. The time between events was associated with several 
independent variables. For this purpose, the Cox proportional hazards regression model was used. 

Results

Cardiovascular events

During follow-up, 43 patients experienced one cardiovascular event, while 1 patient presented two events. Consequently, 45 
cardiovascular events were observed in 44 patients.

Table 2 shows the incidence of cardiovascular events. Notice that the most frequent cardiovascular event in this population was the 
unstable angina that required a procedure of myocardial revascularization as an angioplasty in 19 individuals. Myocardial revascularization 
surgery was performed in 9 patients. The incidence of non-fatal acute myocardial infarction was observed in 11 patients, while cardiac 
death in 5 patients. Thirty three non-cardiac deaths occurred during the study and they were not considered as events for the purposes 
of the present analysis (Table 3).

Cardiovascular events Occurrence
Acute myocardial infarction 11

Cardiac death 5
Angioplasty 19

Myocardial revascularization surgery 9

Table 2: Incidence of cardiovascular events in 15.9 years.

Non cardiac death causes Cantidad
Neoplasy 22
Accident 2

Neumopaty 4
Others 5

Table 3: Incidence of non-cardiac cause mortality in 15.9 years.
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Survival analysis

Figure 1 shows the cumulative proportion of individuals free of cardiovascular events for Group 1 and Group 2. Patients without 
dyslipidemia had an event-free survival of 92.3%, while those with dyslipidemia patients remained free of cardiovascular events in 
91.5% of the cases, presenting no significant differences in their survival functions according to the Logrank test (p = 0.31). Therefore, 
patients with and without dyslipidemia presented the same evolution. Thus, in 15.9 years both groups still belonged to the group of low 
cardiovascular risk. 

Figure 1: Survival curves for patients with (red) and without (black) dyslipidemia.

In order to determine if dyslipidemia was a predictor of cardiovascular event, the proportional hazards model was utilized (Table 4). 
Dyslipidemia was not predictive of cardiac events, as seen in the proportional hazards regression when analyzing the following covariates: 
dyslipidemia, coronary risk factors, age and gender. In such analysis, diabetes resulted the only predictive covariate (p = 0.0002, RR = 
3.75). 

Variable STD Error Coefficient Z P Risk Ratio
Age 0.03012 0.01610 1.87 0.0614 1.03

Diabetes 1.32308 0.34907 3.79 0.0002 3.75
Hypertension -0.05716 0.30016 -0.19 0.8490 0.94

Smoking 0.30122 0.39153 0.77 0.4417 1.35
Obesity 0.36144 0.32458 1.11 0.2655 1.44
Gender 0.63375 0.34955 1.81 0.0698 1.88

Dyslipidemia 0.21679 0.33663 0.64 0.5196 1.24

Table 4: Cox proportional or regression risk model in patients without dyslipidemia and dyslipidemia.  
The time to an event is the response variable and there are several predictor variables analyzed,  

such as coronary risk factors, sex and age.
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Discussion 

Some publications claim that dyslipidemia is associated with an increase in cardiovascular risk, even in the absence of other coronary 
risk factors.

A recent analysis of the WOSCOPS study [10] provides, for the first time, evidence of a randomized trial that supports the benefit 
of LDL-C reduction in the incidence of cardiovascular events in primary prevention. However, not all publications coincide with this 
statement.

The concept that the elevated level of LDL-C in blood causes endothelial dysfunction is unlikely because there is no association between 
the concentration of LDL.C and the degree of endothelial dysfunction [11]. On the other hand, most studies have found no correlation 
between the level of LDL-C or total cholesterol and the degree of atherosclerosis at autopsies [12]. 

In studies of women and the elderly, hypercholesterolemia is a very weak risk factor for cardiovascular disease since most cardiac 
deaths occur in individuals over 65 years of age [13].

In individuals with familial hypercholesterolemia there is no association between LDL-C and the prevalence or progression of 
cardiovascular disease [14-19].

Oxidized LDL cholesterol

Lately, special attention has been paid to modified LDL cholesterol and especially to oxidized LDL-C, as a factor that promotes the 
development of atherogenesis [20-26]. The accumulation of low density lipoproteins (LDL) in the subendothelial space seems to be one of 
the first episodes associated with the development of atherosclerotic lesions. The LDL-C retained in the wall undergo oxidation processes 
and generate products with chemotactic activity for monocytes and smooth muscle cells. Monocytes cross the endothelium, differentiate 
to macrophages, take up the oxidized LDL-C massively and transform them into foam cells whose accumulation in the intima results in 
the formation of fatty streak [27]. 

It is thought that most of the oxidation of LDL-C occurs in the subendothelial space of the arteries, where these particles can be retained 
by the proteoglycans. However, small amounts of oxidized LDL-C can be detected in normal plasma and its concentration increases in 
some diseases such as diabetes, kidney disease and coronary heart disease [28].

Researchers Satchell and Leake showed that LDL-C can be oxidized intracellularly in the lysosomes of macrophages [29]. The oxidation 
of LDL-C could take place in the sites of inflammation due to the infiltration of macrophages and monocytes. In the arterial wall, due to 
the effect of the chronic inflammatory state, free radicals and non-radical oxidants are generated that could be involved in the oxidation 
of LDL-C.

Oxidation of LDL-C is a very complex process during which both the protein and lipid fraction undergo oxidative changes and thus 
produce very complex products.

These data that arise from the medical literature and leads us to think that:

• Would the higher concentration of LDL cholesterol in plasma promote a higher production of oxidized LDL cholesterol and 
consequently the development of atherogenesis?

• If the oxidized LDL cholesterol cannot be measured in blood, we must assume that the increase in LDL native cholesterol is the 
trigger of coronary heart disease. Are these fractions homologable?

• On the other hand, the oxidized fraction of LDL cholesterol could be formed in the subendothelium of the arterial wall from 
the presence of free radicals and non-radical oxidants, thus generating the process of arteriosclerosis. However, if this were the 
mechanism, it should not depend on the concentration of LDL cholesterol in the blood.
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Myocardial perfusion 

Beller and Zaret [30] performed a meta-analysis of 14 studies whose objective was to determine the prognostic value of myocardial 
perfusion images acquired after exercise in more than 12,000 patients. The outcomes analyzed in this study were cardiac death and non-
fatal myocardial infarction. Their incidence in the group of patients with a normal perfusion was 0.6% per year, being twelve times more 
(7.4%) in those with abnormal perfusion images. This suggests that patients with normal perfusion studies integrate a very low risk 
population. 

The population of our study only comprised subjects with normal perfusion and the incidence of events was 0.7% per year in a follow-
up of 15.9 years. Although in this work, we included unstable angina that required myocardial revascularization procedures, in addition to 
the events mentioned above. The low incidence of cardiovascular events suggests the low probability that our population has significant 
obstruction in any of the arteries of the coronary tree when they entered our protocol.

Coronary risk factors

Observational data in a number of reports claim that dyslipidemia is associated with an increased cardiovascular risk, even in the 
absence of other coronary risk factors [2,3]. Indeed, a recent analysis of the WOSCOPS study [9] provides evidence from a randomized trial 
that supports the benefit of LDL-C reduction in the incidence of cardiovascular events in primary prevention. 

Despite this low incidence of cardiovascular events, the prevalence of coronary risk factors in our work was high, with 57.4% of 
patients with dyslipidemia, 56.8% of hypertensive patients, 34.6% of obese patients, 17.7% of smokers and 10% of diabetics. 

This suggests that myocardial perfusion studies, which presented normal myocardial perfusion for all patients, would stratify coronary 
risk better than the prevalence of risk factors, as stated by Beller and Zaret [20]. This might explain the poor risk stratification obtained 
from scores based on the prevalence of these risk factors. 

As shown in table 1, patients with dyslipidemia are older. The recommendations of the guidelines based on different published studies 
indicate that the decrease in blood cholesterol levels in the elderly reduces the incidence of cardiovascular events. However, we observed 
no significant difference in the cardiovascular events in individuals with and without dyslipidemia, with both groups remaining at low 
cardiovascular risk. This finding is consistent with Ravnskov., et al. who showed an inverse relationship between LDL cholesterol levels 
and the incidence of all-cause and cardiovascular mortality in individuals over 60 years of age [5]. 

Finally, the fact that patients with and without dyslipidemia presented the same survival function in this piece of work, is in accordance 
with Sachdeva., et al. who found a ratio of 50% of patients with normal cholesterol levels at the time of admission to 541 hospitals for 
coronary heart disease [4].

These findings support the idea that oxidized LDL-C and not blood LDL-C would cause a cardiovascular event, although further studies 
should be accomplished in order to elucidate this conception.

Conclusion

Patients with and without dyslipidemia in primary prevention showed the same survival at 15.9 years, meaning that both groups still 
belong to the group of low cardiovascular risk. Therefore, blood cholesterol level was not a marker of cardiovascular events in our study 
population.

Funding

None declared.



Citation: Pautasso Enrique José., et al. “Is Blood Cholesterol Level a Marker of Cardiovascular Event in Primary Prevention? A Long-Term 
Observational Study”. EC Cardiology 6.12 (2019): 01-09.

08

Is Blood Cholesterol Level a Marker of Cardiovascular Event in Primary Prevention? A Long-Term Observational Study

Conflict of Interest

None declared.

Bibliography

1. Brown MS and Goldstein JL. “Lipoprotein metabolism in the macrophage: implications for cholesterol deposition in atherosclerosis”. 
Annual Review of Biochemistry 52 (1983): 223-261. 

2. Stone NJ., et al. “The 2013 ACC / AHA guideline on the treatment of blood cholesterol to reduce atherosclerosis cardiovascular risk in 
adults”. Journal of the American College of Cardiology 63 (2014): 2889-2934. 

3. Piepoli MF., et al. “ESC Scientific Document Group. 2016. European guidelines on cardiovascular disease prevention in clinical 
practice”. European Heart Journal 37.29 (2016): 2315-2381.

4. Sachdeva A., et al. “Lipid levels-in patients hospitalized with coronary artery disease: An analysis of 136,905 hospitalizations in Get 
with The Guidelines”. American Heart Journal 157.1 (2009): 111-117.

5. Ravnskov U., et al. “Lack of an association or an inverse association between low-density lipoprotein cholesterol and mortality in the 
elderly: a systematic review”. British Medical Journal Open 6.6 (2016): e010401.

6. Klocke FJ., et al. “ACC/AHA/ASNC guidelines for the clinical use of cardiac radionuclide imaging: executive summary. A report of 
the American College of Cardiology/American Heart Association Task Force on Practice Guidelines (ACC/AHA/ASNC Committee to 
Revise the 1995 Guidelines for the Clinical Use of cardiac Radionuclide Imaging)”. Circulation 108.11 (2003): 140. 

7. Chaudhry S., et al. “A practical clinical approach to utilize cardiopulmonary exercise testing in the evaluation and management of 
coronary artery disease: a primer for cardiologists”. Current Opinion in Cardiology 33.2 (2017): 168-177. 

8. Astrand J. “Aerobic work capacity in men and women with special reference to age”. Acta Physiologica Scandinavica 49.169 (1960): 
169-170. 

9. Pautasso Enrique Jose. “La prueba del frio y su valor predictivo de riesgo coronário”. PhD thesis, Medicine Faculty, Universidad de 
Buenos Aires, Argentina (2009). 

10. Kashef G. “Legacy effect of statins: 20 years follow up of the West of Scotland Coronary Prevention Study (WOSCOPS)”. Global 
Cardiology Science and Practice 4 (2016): e201635.

11. Reis SE., et al. “Coronary microvascular dysfunction is highly prevalent in women with chest pain in the absence of coronary artery 
disease: results from the NHLBI WISE study”. American Heart Journal 141.5 (2001): 735-741.

12. Ravnskov U. “Is atherosclerosis caused by high cholesterol?”. Quarterly Journal of Medicine 95 (2002): 397-403.

13. Ravnskov U. “High cholesterol may protect against infections and atherosclerosis”. Quarterly Journal of Medicine 96.12 (2003): 927-
934. 

14. Miettinen TA and Gylling H. “Mortality and cholesterol metabolism in familial hypercholesterolemia. Long-term follow-up of 96 
patients”. Arteriosclerosis 8.2 (1988): 163-167.

15. Hopkins PN., et al. “Evaluation of coronary risk factors in patients with heterozygous familial hypercholesterolemia”. The American 
Journal of Cardiology 87.5 (2001): 547-453.

https://www.ncbi.nlm.nih.gov/pubmed/6311077
https://www.ncbi.nlm.nih.gov/pubmed/6311077
https://ahajournals.org/doi/pdf/10.1161/01.cir.0000437738.63853.7a
https://ahajournals.org/doi/pdf/10.1161/01.cir.0000437738.63853.7a
https://www.ncbi.nlm.nih.gov/pubmed/27222591
https://www.ncbi.nlm.nih.gov/pubmed/27222591
https://www.ncbi.nlm.nih.gov/pubmed/19081406
https://www.ncbi.nlm.nih.gov/pubmed/19081406
https://bmjopen.bmj.com/content/6/6/e010401
https://bmjopen.bmj.com/content/6/6/e010401
https://ahajournals.org/doi/10.1161/01.cir.0000080946.42225.4d
https://ahajournals.org/doi/10.1161/01.cir.0000080946.42225.4d
https://ahajournals.org/doi/10.1161/01.cir.0000080946.42225.4d
https://www.ncbi.nlm.nih.gov/pubmed/29240566
https://www.ncbi.nlm.nih.gov/pubmed/29240566
https://www.ncbi.nlm.nih.gov/pubmed/13794892
https://www.ncbi.nlm.nih.gov/pubmed/13794892
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5624184/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5624184/
https://www.ncbi.nlm.nih.gov/pubmed/11320360
https://www.ncbi.nlm.nih.gov/pubmed/11320360
https://academic.oup.com/qjmed/article/95/6/397/1559536
https://academic.oup.com/qjmed/article/96/12/927/1533176
https://academic.oup.com/qjmed/article/96/12/927/1533176
https://www.ncbi.nlm.nih.gov/pubmed/3348758
https://www.ncbi.nlm.nih.gov/pubmed/3348758
https://www.ncbi.nlm.nih.gov/pubmed/11230837
https://www.ncbi.nlm.nih.gov/pubmed/11230837


Citation: Pautasso Enrique José., et al. “Is Blood Cholesterol Level a Marker of Cardiovascular Event in Primary Prevention? A Long-Term 
Observational Study”. EC Cardiology 6.12 (2019): 01-09.

09

Is Blood Cholesterol Level a Marker of Cardiovascular Event in Primary Prevention? A Long-Term Observational Study

16. Hill JS., et al. “Genetic and environmental factors affecting the incidence of coronary artery disease in heterozygous familial 
hypercholesterolemia”. Arteriosclerosis, Thrombosis, and Vascular Biology 11.2 (1991): 290-297. 

17. Ferrières J., et al. “Coronary artery disease in heterozygous familial hypercholesterolemia patients with the same LDL receptor gene 
mutation”. Circulation 92.3 (1995): 290-295. 

18. Neil HAW., et al. “Established and emerging coronary risk factors in patients with heterozygous familial hypercholesterolaemia”. 
Heart 90.12 (2004): 1431-1437. 

19. Jansen AC., et al. “Genetic determinants of cardiovascular disease risk in familial hypercholesterolemia”. Arteriosclerosis, Thrombosis, 
and Vascular Biology 25.7 (2005): 1475-1481.

20. Steinberg D. “Conner: oxidative modification of LDL and atherogenesis”. Circulation 95.4 (1997): 1062-1071.

21. Fuhrman B., et al. “The increase in LDL uptake by oxidized macrophages is the result of improved initial activity of the LDL receptor 
and additional progressive oxidation of LDL”. Free Radical Biology and Medicine 23.1 (1997): 34-46.

22. Kaplan M and Aviram M. “Oxidized low-density lipoproteins: atherogenic and proinflammatory characteristics during the formation 
of macrophage foam cells. A role inhibitor of nutritional antioxidants and serum paraoxanase”. Clinical Chemistry and Laboratory 
Medicine 37.8 (1999): 777-787.

23. Mitchinson MJ. “The new face of atherosclerosis”. British Journal of Clinical Practice 48.3 (1994): 149-151.

24. Levitan I., et al. “Oxidized LDL: diversity, patterns of recognition, and pathophysiology”. Antioxidants and Redox Signaling 13.1 (2010): 
39-74.

25. Allahurdian P. “Francis Contribution of monocyte-derived macrophages and smooth cells to arterial foam cell formation”. 
Cardiovascular Research 95.2 (2012): 165-172.

26. Estruch M., et al. “Electronegative LDL: a circulating modified LDL with a role in inflammation”. Mediators of Inflammation (2013): 
181324. 

27. Tsimikas S and Miller Y. “Oxidative modification of lipoproteins: mechanisms, role in inflammation and potential Clinical applications 
in cardiovascular disease”. Current Pharmaceutical Design 17.1 (2011): 27-37.

28. Delporte C., et al. “Low- density lipoprotein modified by mieloperoxidase in inflammatory pathways and Clinical studies”. Mediators 
of Inflammation (2013): 971579. 

29. Satchell L and Leake D. “Oxidation of low-density lipoprotein by iron at lysosomal pH: implications for atherosclerosis”. Biochemistry 
51.18 (2012): 3767-3775.

30. Beller GA., et al. “Contributions of nuclear cardiology to diagnosis and prognosis of patients with coronary artery disease”. Circulation 
101.12 (2000): 1465-1478.

Volume 6 Issue 12 December 2019
©All rights reserved by Pautasso Enrique José., et al.

https://www.ncbi.nlm.nih.gov/pubmed/1998646
https://www.ncbi.nlm.nih.gov/pubmed/1998646
file:///C:/Users/ACT/Desktop/PDF%27s/EC/11-11-2019/13-11-2019/ECCY-19-RA-320/Coronary%20artery%20disease%20in%20heterozygous%20familial%20hypercholesterolemia%20patients%20with%20the%20same%20LDL%20receptor%20gene%20mutation
file:///C:/Users/ACT/Desktop/PDF%27s/EC/11-11-2019/13-11-2019/ECCY-19-RA-320/Coronary%20artery%20disease%20in%20heterozygous%20familial%20hypercholesterolemia%20patients%20with%20the%20same%20LDL%20receptor%20gene%20mutation
https://www.ncbi.nlm.nih.gov/pubmed/15547022
https://www.ncbi.nlm.nih.gov/pubmed/15547022
https://www.ncbi.nlm.nih.gov/pubmed/15879303
https://www.ncbi.nlm.nih.gov/pubmed/15879303
https://www.ncbi.nlm.nih.gov/pubmed/9054771
https://www.ncbi.nlm.nih.gov/pubmed/9165295
https://www.ncbi.nlm.nih.gov/pubmed/9165295
https://www.ncbi.nlm.nih.gov/pubmed/10536926
https://www.ncbi.nlm.nih.gov/pubmed/10536926
https://www.ncbi.nlm.nih.gov/pubmed/10536926
https://www.ncbi.nlm.nih.gov/pubmed/8031690
https://www.ncbi.nlm.nih.gov/pubmed/19888833
https://www.ncbi.nlm.nih.gov/pubmed/19888833
https://www.ncbi.nlm.nih.gov/pubmed/22345306
https://www.ncbi.nlm.nih.gov/pubmed/22345306
https://www.hindawi.com/journals/mi/2013/181324/
https://www.hindawi.com/journals/mi/2013/181324/
https://www.ncbi.nlm.nih.gov/pubmed/21226665
https://www.ncbi.nlm.nih.gov/pubmed/21226665
https://www.hindawi.com/journals/mi/2013/971579/
https://www.hindawi.com/journals/mi/2013/971579/
https://www.ncbi.nlm.nih.gov/pubmed/22493939
https://www.ncbi.nlm.nih.gov/pubmed/22493939
https://www.ahajournals.org/doi/full/10.1161/01.cir.101.12.1465
https://www.ahajournals.org/doi/full/10.1161/01.cir.101.12.1465

